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The numbers of Foxp3
+

Treg cells are positively correlated

with higher grade of infiltration at the salivary glands

in primary Sjögren’s syndrome

M Sarigul1, V Yazisiz2, CI Bas� sorgun3, M Ulker1, AB Avci2, F Erbasan2, T Gelen3,
RM Gorczynski4 and E Terzioğlu1,2

1Health Sciences Research Centre, Akdeniz University Faculty of Medicine, Antalya, Turkey; 2Department of Rheumatology and Immunology,
Akdeniz University Faculty of Medicine, Antalya, Turkey; 3Department of Pathology, Akdeniz University Faculty of Medicine, Antalya, Turkey;

and 4Division of Cellular and Molecular Biology, Toronto Hospital, University Health Network, Toronto, Ontario, Canada

This study was designed to investigate whether Foxp3+ regulatory T (Treg) cells play a role in
the histopathologic changes of primary Sjögren’s Syndrome (pSS) and to evaluate
other factors possibly associated with Foxp3+ Treg cells in pSS patients. The number of
FoxP3-expressing T cells in peripheral blood (PB) of 39 patients with pSS, 40 patients with
rheumatoid arthritis (RA), and 28 healthy controls was measured by flow-cytometer analysis.
FoxP3-expressing CD4+CD25+ Treg cells were analyzed in minor salivary gland (SG) tissues
of 39 pSS patients. Histopathologic changes were examined by light microscopy according to
Chisholm’s classification. Immunohistochemistry and immunofluorescence were performed
to assess the Foxp3+ Treg in SG biopsy specim-ens. The numbers of CD4+ T cells and
FoxP3-expressing CD4+ T cells in PB were similar in all groups. Expression of CD25 on
CD4+ T cells in PB of patients with pSS and RA was significantly higher than in healthy
controls, especially for RA patients. Immunohistochemistry and immunofluorescence showed
that FoxP3+ Treg were enriched in the SGs of pSS patients, with a positive correlation
between the increase in FoxP3+ Treg in SG and the Chisholm score in pSS (p< 0.001,
r¼+0.605). The increase of FoxP3+ Treg cells in the SGs of pSS patients, which is correlated
with gland infiltration, suggests that natural regulatory T cells play an important role in the
pathogenesis of pSS. Further studies are required to explore the mechanisms that mediate the
relationship between Treg and the pathogenesis of pSS. Lupus (2010) 19, 138–145.

Key words: FoxP3; immunohistochemistry; regulatory T cells; rheumatoid arthritis; Sjögren’s
syndrome

Introduction

Regulatory T (Treg) cells play a role in maintaining
the balance between immunity and tolerance. The
CD25-expressing CD4+ Treg cells comprise 5–10%
of peripheral CD4+ T cells (0.5–1% of the total lym-
phocytes) in healthy mice and humans. Treg cells are
responsible for limiting immune responses and can
attenuate the development of autoimmune diseases
and prevent rejection of solid-organ transplants.
The transcription factor forkhead box P3 (FoxP3)
has been shown to be a highly specific intracellular

marker for Treg cells and is expressed selectively by
Treg cells. FoxP3 is essential for the development,
function, and survival of Treg cells.1–3 Mutation or
polymorphisms in the gene encoding FoxP3 are
linked to IPEX syndrome (immune dysregulation,
polyendocrinopathy, enteropathy, and X-linked
recessive syndrome) with an increased incidence of
autoimmune diseases such as inflammatory bowel
disease (IBD), rheumatoid arthritis (RA), thyroiditis,
and type-1 diabetes mellitus.4–6 It remains unclear
whether Treg cells can be used in the treatment of
autoimmune disorders.

Sjögren’s syndrome (SS) is a chronic autoimmune
disorder characterized by destruction of exocrine
glands. The exocrine glands are affected by lympho-
cytic infiltration, and extra-glandular systemic man-
ifestations frequently occur. The etiopathogenesis of
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SS is multifactorial and the mechanisms involved in
pathogenesis remain unknown.7 Salivary gland dys-
function was observed in interleukin (IL)-2 and IL-
2Ra (CD25) knockout (KO) mice but not in scurfy
mice. Transfer of scurfy lymph node cells to RAG-1
KO mice resulted in severe inflammation in the sal-
ivary glands (SGs) and loss of salivary function.8

Gottenberg et al. described an increased prevalence
of circulating Treg cells in patients with primary
Sjögren’s syndrome (pSS).9 A recent study reported
decreased CD4+CD25+bright T cells in the periph-
eral blood of patients with pSS,10 and reduced levels
of circulating Treg cells have also been described in
patients with other autoimmune diseases.11–14

Given that Treg cells deficiency is potentially one
of the underlying mechanisms for pSS, character-
ization of the number and function of Treg cells in
peripheral blood (PB) and SG in pSS is important.
The relation between Treg cells and the level of
parenchymal damage in SG has not been investi-
gated adequately. A previously published study by
Christodoulou et al. suggested that the frequency of
FoxP3+ Treg cells in the minor salivary gland
lesions of pSS patients is correlated with inflamma-
tion grade.15 The data reported below are from
studies investigating the percentage of FoxP3-
expressing CD4+ T cells in the PB and labial SG
of patients with pSS, and these levels are correlated
with parenchymal damage in the SG and other fac-
tors associated with pSS.

Materials and methods

Study population

Samples of PB were collected from 39 patients with
pSS, at ages ranging from 19 years to 77 years

(mean, 47 years). All patients were questioned
regarding subjective symptoms of dry eyes and dry
mouth and were examined by a rheumatologist.
None of the patients had been previously diagnosed
with pSS or used any drugs for pSS. Objective tests
for eye dryness were performed by an ophthalmolo-
gist. Anti-nuclear antibody (ANA), rheumatoid
factor (RF), anti-Ro and anti-La were measured.
The classification for Sjögren’s syndrome proposed
by the European Study Group was used for the diag-
nosis of pSS.16 Forty patients with RA and
28 healthy controls were included in the study as
control groups. The characteristics of the study pop-
ulation are summarized in Table 1. Informed consent
was obtained in all cases, and the study was approved
by the ethical committee of Akdeniz University.

The exclusion criteria included a history of pre-
vious radiotherapy to the head and neck, lym-
phoma, other autoimmune diseases, sarcoidosis,
graft versus host disease, infection with hepatitis
C or HIV virus, and use of any anticholinergic,
antidepressant, or diuretic drugs.

The labial SG tissue was obtained from the lower
lip in pSS patients. Biopsies were performed in an
outpatient setting during a normal office visit under
local anesthesia (2% lidocaine HCl), applying a
superficial incision while the patient was lying
down. Biopsy wounds were sutured using silk sutures.

Identification of frequency of FoxP3+ Treg cells
in the PB by flow cytometric analysis

Blood samples were collected from heparinized
venous blood of all patients at the time of SG
biopsy performance. The percentages of FoxP3+

Treg cells were investigated as a percentage of
CD4+ T cells. The percentages of Foxp3+ Treg
cells were estimated by flow-cytometric analysis of

Table 1 Clinical characteristics and the percentages of T cells expressing CD4+, CD4+CD25+, and FoxP3+ in the peripheral
blood of the study population

pSS (n¼ 39) RA (n¼ 40) Controls (n¼ 28) p

Age (years) 47.4� 12.9 48.0� 10.8 47.7� 10.4 0.415

Sex (F/M) 34/5 30/10 22/6 0.157

ESR (mm/h) 39� 27 33� 25 12� 8 <0.05

CRP (mg/dl) 0.6� 0.8 1.0� 1.7 0.3� 0.2 <0.05

Hb (mg/dl) 12.9� 1.3 12.6� 1.5 12.8� 1.2 0.365

Leucocyte (mm3) 7602� 2710 8141� 2560 7713� 2450 0.373

Lymphocyte (mm3) 2170� 867 2088� 700 2096� 745 0.496

CD4+ (% � SD) 42.4� 8.7 46.4� 9.2 42.5� 5.5 0.157

CD4+CD25+ (% � SD) 4.0� 3.1 4.9� 2.9 3.1� 2.0 0.006

FoxP3+ T cells (% � SD) 0.6� 0.7 0.8� 1.9 0.5� 0.4 0.259

CD4+CD25+ T cells frequency between RA and healthy controls (p¼ 0.001), pSS ¼ Primary Sjögren’s syndrome, RA ¼ Rheumatoid arthritis,

Hb ¼ Hemoglolbin, ESR ¼ Erythrocyte Sedimentation Rate, CRP ¼ C-Reactive protein.
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the CD4+CD25+Foxp3+ Treg cells population
in an Epics Altra flow cytometer with the Expo
32 Altra software program (Beckman-Coulter,
Fullerton, California, USA), using fluorescence-
conjugated antibodies, as described below.

Fifty microliters of the test sample was mixed
with 50ml phosphate-buffered saline (PBS) solution
(0.01M sodium phosphate; 0.145M sodium chlo-
ride; pH 7.2) and 20ml of monoclonal antibodies
(mAbs) (anti-CD4/anti-CD25). Another tube was
used for isotype control antibodies. Cells were incu-
bated at room temperature, 18–25�C, for 15min and
protected from light. One hundred microliters of
leucocyte fixation reagent (IntraPrep; Immunotech,
Marseilles, France) was added to two tubes, with a
further incubation for 15min. Cells were washed
with PBS and centrifuged for 5minutes at 300 g at
room temperature. Supernatants were removed,
and the leucocyte permeability agent (IntraPreb;
Immunotech, Marseilles, France) was added. For
detection of FoxP3+ cells, cells were stained with
20ml of mAb (FoxP3-FITC), incubated for 15min
at room temperature, 18–25�C, and protected from
light. Cells were analyzed by three-color flow cyto-
metry, with an Epics Altra flow cytometer and the
Expo 32 Altra software program, using anti-CD4,
anti-CD25 and anti-FoxP3 antibodies.

The following mAbs were used: anti-CD4-
allophycocyanin (APC) (Immunotech, Marseilles,
France); anti-CD25-phycoerythrin (PE)
(Immunotech, Marseilles, France); FoxP3-fluorescein
isothiocyanate (FTIC) (Serotec, Oxford, UK). Viable
lymphocytes were gated on the basis of their forward/
side scatter profile, and isotype control staining used
mouse anti-IgG1-FITC and IgG2a-PE (Immunotech,
Marseilles, France).

Histologic and immunohistochemical analyses

Thirty-nine SG tissue sections of 4 mm thickness
were taken from paraffin-embedded tissue blocks.
Histopathologic findings were graded according to
the procedure described by Chisholm, with lym-
phocyte sialadenitis in the specimen subdivided
into four categories (I-IV), where grades III-IV sug-
gest SS.17 Only one gland biopsy was used per
patient, but multiple sections per biopsy sample
were explored. All minor SG tissue in the sections
was scanned for the presence of lymphocytic foci. A
‘focus’ has been defined as an aggregate of 50 or
more lymphocytes per 4mm2 of SG. Grades were
defined as: Chisholm 0¼ absent, Chisholm
1¼ slight infiltrate, Chisholm 2¼moderate infil-
trate or less than one focus, Chisholm 3¼ one
focus, and Chisholm 4¼more than one focus.

Serial sections of paraffin-embedded SG tissues
were analyzed immunohistochemically for the pres-
ence of CD4+ T lymphocytes and FoxP3+ Treg
cells (both CD25+ and FoxP3+-expressing CD4+

T cells) by antibodies to the FoxP3, CD4, and
CD25-specific markers. Immunohistochemical
studies were performed according to the manufac-
turer’s instructions. In short, deparaffinized slides
were heated in 0.01M EDTA solution for 20min.
After cooling for 20min and washing, antibody
against FoxP3 (eBioscience, San Diego, California,
USA) was applied. Quenching of endogenous perox-
idase activity and reaction detection using diamino-
benzidine were performed. The following conjugated
antibodies were purchased from commercial sources:
FITC-conjugated anti-mouse and PE-conjugated
anti-mouse FoxP3 mAb (eBioscience, San Diego,
California, USA). Tissue sections were incubated
for 30min at 4�C with fluorochrome-conjugated
mAb, washed, and analyzed using a fluorescence
microscope (Axioscope 3.0, Zeiss).

Positively stained cells that display at high den-
sity, such as CD4+ T cells and FoxP3+ T cells, were
counted manually field-by-field in each section by
two pathologists. The degree of infiltration by
FoxP3-positive cells was counted (at 400� magnifi-
cation), and the percentage of CD4+FoxP3+ T cells
(expressed as a percentage of CD4+ T cells) was
scored semiquantitatively using a six-point scale
(grade 0–5). In addition, the intensity of FoxP3
staining under fluorescence microscopy was graded
as mild (+), moderate (++) or marked (+++),
and was scored as 1, 2 or 3, respectively. The total
FoxP3 expression score was determined arbitrarily
by adding the staining intensity to the infiltration
score for FoxP3+ T cells (0–3 points for staining
intensity; 0–5 points for infiltration). Low, interme-
diate and high FoxP3 expression scores were rec-
orded using this calculation (Table 2).

Statistical analysis

Statistical analysis was performed using the
Windows SPSS 14.0 program (SPSS Inc.,
Chicago, Illinois, USA). Non-parametric analysis
was performed using both the Mann–Whitney
U-test and the Kruskal–Wallis test. The Student’s
t-test and analysis of variance (ANOVA) were used
as parametric tests. Statistical analyses were per-
formed to detect significant differences between
mean values and the Spearman correlation test
was employed to determine the association between
two variables. Significance was determined with a
p value of less than 0.05.
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Results

There was no significant difference in sex distribu-
tion, age, hemoglobin, and the absolute number of
lymphocytes amongst study groups. As expected,
acute-phase reactants were higher in patients with
RA and pSS compared with controls (p< 0.05,
both scores for erythrocyte sedimentation rate
[ESR] and C-reactive protein [CRP]) (Table 1).

There was no significant difference among the three
groups in the percentage of CD4+ and FoxP3+ T
lymphocytes in the PB. However, the percentage of
CD4+CD25+ T lymphocytes was increased in pSS
patients (4.0� 3.1%) compared with controls
(3.1� 2.0%). The CD4+CD25+ T lymphocyte pop-
ulation in RA (4.9� 2.9%) was significantly higher
than in both pSS and controls (p¼ 0.006; Table 1
and Figure 1). The numbers of peripheral CD4+,
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Figure 1 The percentages of T cells expressing CD4+ and FoxP3 in the PB of pSS patients, RA patients and healthy controls.

Table 2 The calculation of FoxP3 expression score

FoxP3 staining
intensity

The percentage of FoxP3+

T cells in SG (%)
The total FoxP3
expression score�

�¼ 0 point
+¼ 1 point

++¼ 2 point
+++¼ 3 point

<10%¼ 0 point
11–20%¼ 1 point
21–30%¼ 2 point
31–40%¼ 3 point
41–50%¼ 4 point
>50%¼ 5 point

0–3 ¼ Low FoxP3 expression score
4–5 ¼ Intermediate FoxP3 expression score
6–8 ¼ High FoxP3 expression score

�The total FoxP3 expression score (Min-Max, 0–8 score) was calculated by adding the FoxP3 staining

(0–3 points) and the infiltration size (0–5 points) subscale points.
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CD4+CD25+ and FoxP3+ T lymphocytes in pSS
were not correlated with age of disease onset, sex,
RF/ANA positivity, anti-Ro/anti-La antibodies,
hemoglobin, or ESR or CRP levels (data not shown).

The Chisholm classification was used to score
SG destruction in pSS. Minor SG biopsy was per-
formed in 39 patients, 23 of whom (59%) were clas-
sified with Chisholm score III–IV, suggestive of SS.
Although the other 16 patients were classified with
Chisholm score less than III (less than one focus/
4mm2), pSS was diagnosed by the presence of ser-
ologic findings, including anti-Ro and/or anti-La
autoantibodies and other parameters for classifi-
cation of Sjögren’s syndrome proposed by the
European Study Group.16 No significant correla-
tion was found between Chisholm score and the
percentage of CD4+ and CD4+CD25+ FoxP3+

T cells in PB (Table 3).

We analyzed the percentage of FoxP3-expressing
CD4+ T cells in labial SG biopsy specimens, using
immunohistochemical and immunofluorescence
methodology. The latter showed enrichment of
FoxP3+ T cells among the infiltrating lymphocytes
in SGs of the pSS patients. The percentage of
FoxP3+ Treg cells in the infiltrating CD4+ lympho-
cytes of the SG was scored immunohistochemically
(Figure 2). There was a low yet positive correlation
between the percentage of FoxP3-positive CD4+

cells in SG and in PB (p¼ 0.022, r¼+0.38)
(Figure 3). Other comparisons showed no relation-
ship between the percentage of FoxP3 Treg cells in
SGs and the number of CD4+ or CD4+CD25+ T
cells in PB. When FoxP3+ cells were analyzed, high
levels of Treg cells were detected in pSS patients.
Both the percentage of FoxP3+ Treg cells and the
FoxP3 staining intensity were used to determine a
FoxP3 expression score (see above). There was no
correlation between the FoxP3 expression score and
the percentage of FoxP3+ CD4+ T cells in the PB
of pSS patients (Table 3).

The most important result in this study was the
observed correlation between the FoxP3 expression
score and the Chisholm score (p< 0.001,
r¼+0.709). The FoxP3 expression score in SG
was higher in patients with a Chisholm score of III
or IV when compared with those with a Chisholm
score of I or II. Similarly, patients with a Chisholm
score of III or IV had a higher percentage of FoxP3+

Treg cells in SG compared with patients with a
Chisholm score of I or II (p< 0.001, r¼+0.605)
(Figure 4). Elevated numbers of FoxP3+ Treg cells
were observed in the SG of patients with a higher

Figure 2 Immunohistochemical FoxP3 staining intensity was graded as mild (+) (A), moderate (++) (B) or marked (+++) (C),
respectively.

Table 3 The association between the percentage of FoxP3+

T cells in the peripheral blood and the Chisholm score and
FoxP3 expression score in pSS patients

FoxP3+ T cells in
the PB (% � SD) p

Chisholm Score

I (5) 0.34� 0.50

II (9) 0.78� 0.80

III (11) 0.65� 0.70

IV (14) 0.70� 0.90 0.419

FoxP3 expression score (n)

Low (14) 0.50� 0.50

Intermediate (12) 0.50� 0.80

High (13) 1.00� 0.90 0.106
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degree of lymphocyte infiltration. The percentage of
FoxP3+ T cells per square millimeter of tissue was
significantly increased in severe inflammatory lesions.
These findings are consistent with a functional role
for the observed accumulation of Treg cells at the site
of inflammation in pSS.

Discussion

The present study shows that FoxP3+ Treg cells
are increased in the SGs of pSS patients, and the
increase of FoxP3+ T cells is correlated with salivary
gland destruction. Treg cells are enriched in the

target tissues of pSS and other autoimmune disor-
ders. Several studies have already reported that the
number of Treg cells is increased in target tissues of
patients with other autoimmune disorders, including
RA,18 ulcerative colitis,19 juvenile idiopathic arthritis
(JIA),11 and psoriasis.20 Christodoulou et al.
reported that the frequency of FoxP3+ Treg cells
in the the minor SG lesions of pSS patients corre-
lated with inflammation grade.15 Unlike this study,
four studies conducted by Li and colleagues con-
cluded that CD4+CD25+ FoxP3+ T cells and
CD4+CD25+ T cells were decreased in the SGs of
pSS patients,21–24 and that CD25- and FoxP3-
expressing T cells were completely absent from speci-
mens obtained from healthy controls. Miyara et al.
have also reported that FoxP3 expression is not sig-
nificantly increased in kidneys of patients with sys-
temic lupus erythematosus (SLE) compared with
kidneys of healthy controls.25 In contrast, a signifi-
cant reduction in the number of FoxP3+ Treg cells
in skin lesions of cutaneous lupus erythematosus has
been observed,20 while patients with primary biliary
cirrhosis were also found to have fewer FoxP3+ cells
compared with patients with other causes of hepati-
tis.26 There is some general consensus that there are
increased numbers of Treg cells at inflammatory sites
in autoimmune disorders, and there are several pos-
sible explantions for the reported discrepancies.
Amongst these is the possibility that the importance
of local Treg cells to the pathogenesis of autoim-
mune diseases in different organs is not the same.
Another possibility concerns the lack of
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standardization of the different mAbs and techni-
ques used for analysis. Nevertheless it remains diffi-
cult to explain the disparate results in pSS patients
referred to earlier, unless there is an unexamined dif-
ference in patient demographics.21–24

Treg cells are responsible for limiting immune
responses. Their accumulation in target tissues
could thus be interpreted as a negative feedback
system, with an increase representing a mechanism
involved in inhibition of autoreactive T cells in SG.
Several mechanisms may lead to the accumulation
of Treg cells at the region of inflammation.
Increased expression of chemokine receptors, the
expression of inflammatory cytokines in the rheu-
matic joint, and active inhibition of apoptosis in
CD4+CD25+ T cells may all contribute to the
enrichment of Treg cells in the synovial fluid of
RA patients.27 In the present study, we have not
attempted to evaluate the cause(s) of Treg cell accu-
mulation in the SGs of pSS patients.

The presence of increased numbers of Treg cells at
the site of inflammation in autoimmune diseases
raises the question of the functional activity of the
cells at these locations. The abundant expression of
immunosuppressive cytokines such as IL-10 and
transforming growth factor (TGF)-b in Treg cells in
inflammatory tissues might be expected to be impor-
tant for limiting immune responses. Unlike these
cytokines, tumor necrosis factor (TNF)-a, which is
abundantly present in sera and joint effusions of
patients with RA, appears to inhibit the suppressive
function of Treg cells in the inflamed joints of RA
patients.1 Accordingly, an increased number of Treg
cells and increased FoxP3 expression by these cells
was reported in patients on anti-TNF treatment
(Infliximab), with the suppressive function of Treg
cells also restored by anti-TNF theraphy.28 In one
study it has been suggested that the inhibitory func-
tion of CD4+CD25+ T cells in pSS is unchanged,24

while in a study involving RA patients, the source of
Treg cells was important, with an increased suppres-
sive capacity seen in synovial CD4+CD25+ T cells
compared with PB CD4+CD25+ T cells.29 In other
autoimmune diseases, including multiple sclerosis
and autoimmune polyglandular type II syndrome,
there was a poor inhibiton of proliferation by
CD4+CD25+ Treg cells.30,31

Many investigators interested in therapy of auto-
immune diseases have considered the potential of
Treg-based therapies in clinical practice, with a
view towards re-establishing the correct ‘balance’
between immunity and tolerance in patient popula-
tions. Adoptive transfer of natural Treg cells is able
to prevent autoimmune diseases in animal models,
but no trials have been performed in humans.32,33

A single report has showed that autologous stem
cell transplantation can restore tolerance by re-
establishing Treg cell numbers in patients with
JIA,34 which may imply that rescue therapies such
as bone marrow transplantation may become an
additional weapon in the treatment of many auto-
immune disorders.

Other studies exist which have investigated the
number of Treg cells in PB of pSS patients. One
reported that the pool of CD4+CD25high T cells is
increased in pSS patients,9 although subsequent
reports concluded that the number of CD4+

CD25high cells and FoxP3 mRNA expression were
lower in the PB of pSS patients compared with
normal controls.10,22,23 Similar conflicting results
have been reported in other autoimmune disor-
ders.14,20,29,35–37 Our study showed that the number
of FoxP3+ T cells in PB of patients with pSS was
similar to that in healthy controls and RA patients,
with no strong correlation between the percentage of
FoxP3-expressing CD4+ T cells in the PB and the
FoxP3 expression score in the SG. We hypothesize
that the number of FoxP3+ cells in PB can remain
unchanged even when Treg cells play a role in dis-
ease pathogenesis, and it is accordingly crucial to
explore the number and function of Treg cells in
target tissues before firm conclusions are possible.

It should be noted that there are some limitations
to our study. Firstly, only FoxP3-expressing Treg
cells were evaluated both in the PB and in the SG.
Other Treg cells, including adaptive Treg cells, lym-
phocyte-activation gene-3 (LAG-3) expressing Treg
cells, and IL-10/TGF-b producing natural killer
cells, were not measured. In addition, no assay of
the functional activity of Treg cells was performed.37

In conclusion, we show that the FoxP3 expression
score in the SG is increased in pSS patients, and that
this correlates with glandular damage. The percent-
age of FoxP3+ CD4+ T cells in PB was similar to
that seen in RA patients and healthy controls. We
hypothesize that as glandular destruction and sub-
sequent fibrosis progress, the Treg cell number may
decrease, which may help to explain the low Treg
cell numbers reported by others in the literature.
While our findings suggest that Treg cells play an
important role in the SGs of pSS patients, further
studies are required to characterize that function
and the role of Treg cells in the pathogenesis of pSS.
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