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T Regulatory Cells Are Markedly Diminished in
Diseased Salivary Glands of Patients with Primary
Sjögren’s Syndrome
XIAOMEI LI, XIANGPEI LI, LONG QIAN, GUOSHENG WANG, HONG ZHANG, XIAOQIU WANG, KE CHEN,
ZHIMIN ZHAI, QING LI, YIPING WANG, and DAVID C.H. HARRIS

ABSTRACT. Objective. To investigate the abnormalities of T regulatory cells (Treg) in salivary glands and peripher-
al blood in patients with primary Sjögren’s syndrome (pSS).
Methods. Levels of CD4+CD25+high T cells of the peripheral blood of 52 patients with pSS were meas-
ured by flow-cytometric assay. Lower lip salivary gland biopsies were examined by immunohisto-
chemistry, using monoclonal mouse anti-human antibodies [CD25, CD4, CD8, CD68, forkhead tran-
scription factor (Foxp3)] in 30 patients with pSS. Using real-time polymerase chain reaction, Foxp3
messenger RNA expression was assessed in the salivary glands and CD4+ T cells from peripheral
blood.
Results. Many inflammatory cells, predominantly CD4+ and CD8+ T cells and macrophages, were
found in salivary glands of patients with SS, but CD4+CD25+ Treg numbers and Foxp3 expression
were markedly reduced in those biopsy samples. Levels of CD4+CD25+high T cells and Foxp3 expres-
sion in peripheral blood of patients with pSS were significantly lower than in healthy controls.
However, the inhibitory function of CD4+CD25+ T cells in pSS was unchanged compared to that of
controls. Peripheral CD4+CD25+high T cell numbers in pSS did not correlate with Schirmer’s test and
salivary flow rate, or with the presence or absence of anti-SSA/SSB antibodies and immunoglobulin
level.
Conclusion. The remarkable reduction of Treg numbers in salivary glands and reduction of
CD4+CD25+high T cells in peripheral blood suggests a possible role for absence of Treg in the patho-
genesis of salivary gland destruction in pSS. (First Release Nov 15 2007; J Rheumatol 2007;34:2438–45)
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Primary Sjögren’s syndrome (pSS) is an autoimmune disease
characterized by lymphocyte infiltration of glandular tissue
and autoantibodies against exocrine organs. pSS is a relative-

ly common disease, with a prevalence of 0.33%–0.77% in
China1 and approximately 1% worldwide. It is characterized
by destruction of exocrine glands, specifically salivary and
lacrimal glands, resulting in oral and ocular dryness due to
insufficient secretion2. Other glandular tissues that are affect-
ed include lungs, skin, hepatobiliary system, and pancreas.
Moreover, pSS exhibits extraglandular manifestations such as
arthritis, vasculitis, and interstitial lung and renal disease3.
Some patients with pSS develop lymphoma4.

The etiology of this autoimmune disease has not been fully
elucidated. CD4+CD25+ regulatory T cells (Treg) contribute
to maintenance of immune tolerance, and prevent the sponta-
neous emergence of organ-specific autoimmune diseases5. It
is now clear that the forkhead transcription factor (Foxp3) acts
as a critical regulator in the development and function of Treg.
Foxp3 expression has therefore been used as a marker for nat-
ural Treg. Animal studies of depletion and replacement of
CD4+CD25+ Treg have proven their importance to various
autoimmune diseases6. In some human autoimmune diseases,
numerical or functional abnormalities of CD4+CD25+ T cells
and CD4+CD25+high T cells have been reported. For example,
numbers of CD4+CD25+ T cells from peripheral blood were
significantly reduced in patients with systemic lupus erythe-
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matosus (SLE)7,8. Abnormalities of suppressive function but
not number of CD4+CD25+ Treg in peripheral blood have
been described in patients with multiple sclerosis9 and type I
diabetes10.

Despite an abundant interest in human peripheral
CD4+CD25+ Treg as they may relate to the pathogenesis and
perhaps more importantly susceptibility to autoimmune dis-
eases, there are few studies of these cells in affected human
organs11,12. Our study was designed to examine CD4+CD25+
Treg in diseased salivary glands and peripheral blood of
patients with pSS.

MATERIALS AND METHODS
Patients and healthy control population. We investigated 52 consecutive
patients (51 women, 1 man) with pSS from the Department of Rheumatology
and Immunology, Anhui Provincial Hospital. They were diagnosed according
to criteria established by the American-European Consensus Group13, includ-
ing positive results for anti-SSA/SSB antibodies or focus score ≥ 1. All
patients had primary SS without treatment by any glucocorticoid or immuno-
suppressive drugs (Table 1). CD4+CD25+ T cells in the peripheral blood of
all patients were assessed. Salivary gland biopsies were obtained from 30
patients and 2 healthy controls and 5 patients with viral parotitis. In 22
patients no labial salivary gland biopsy was performed, mainly because of
refusal by the patient.

Forty-nine age-matched healthy volunteer adults (mean age 43 ± 14 yrs,
47 women, 2 men) were examined as controls. The research protocol was
reviewed and approved by the Hospital Ethics Committee. Informed consent
was obtained from all patients and controls.
Immunohistochemistry. Immunohistochemical staining was performed on
paraffin sections of salivary glands. Heat-induced antigen retrieval was used
on formaldehyde-fixed and paraffin-embedded tissues. After unmasking of
antigens, sections were treated with 3.0% H2O2 in methanol, and then
blocked with 1% bovine serum albumin in phosphate buffered saline. Slides
were incubated with biotinylated mouse anti-human CD4 (1/25, NCL-L-
CD41F6), CD8 (1/25, NCL-L-CD8-295), and CD68 (1/300, NCL-CD68-
KP1) (all Novocastra, Vision BioSystems, Newcastle Upon Tyne, UK). Two
antibodies for CD25 staining (1/150 and 1/100; Neomarkers, Labvision,
Fremont, CA, USA) and 2 antibodies for Foxp3 (1/100, Abcam, Cambridge,
MA, USA; and 1/100, eBioscience, San Diego, CA, USA) were tried in
experiments. After testing, anti-CD25 from Labvision and anti-Foxp3 from
eBioscience were used to stain cells clearly in salivary glands from patients
with pSS and parotitis, and then applied to all slides. After first antibody stain-
ing, the slides were incubated with secondary antibody of IgG anti-Fab-HRP
(Zymed, San Diego, CA, USA). The sections were reacted with DAB, then

dehydrated and mounted. All control samples were incubated with normal
mouse IgG instead of the monoclonal antibodies, and showed no nonspecific
staining. Chronically inflamed tonsils from humans with non-autoimmune
diseases and normal lymph nodes were used as positive controls.
Cell suspension. The fresh salivary glands from 7 patients with pSS were cut
into smaller segments and mashed gently using a plunger through a 70 µm
strainer. Cells were diluted in RPMI-1640 and centrifuged at 1800 rpm for 10
min and resuspended and filtered again through a 40 µm strainer. Cells were
collected and stained for flow cytometry.
Antibodies and flow cytometry. Antibodies used for flow cytometry were as
follows: phycoerythrin (PE)-conjugated anti-CD4 antibodies (13B8.2); fluo-
rescein isothiocyanate (FITC)–conjugated anti-CD25 (B1.49.9); 3-color
reagent kit for T cell subtype (PE-cychrome5–conjugated anti-CD4/PE-con-
jugated); and the appropriate isotype controls. All antibodies were obtained
from Beckman Coulter-Immunotech (Fullerton, CA, USA). Flow cytometry
was performed on a Coulter Epics XL flow cytometer using System II soft-
ware (Beckman Coulter).

All samples were tested as soon as possible after collection (within 2 h).
Stained cells were detected rapidly by flow cytometry and analyzed using
System II software. The ratio of CD4+CD25+ T cells was calculated by
sequential gating on lymphocytes and CD4+ T cells, and expressed as a per-
centage of CD4+ T cells. The criterion for judging CD4+ CD25+high T cells
was a mean fluorescence intensity of CD25 expressed on CD4+ T cells twice
that of all CD4+CD25+ T cells.
Proliferation assays. Peripheral blood mononuclear cells (PBMC) were iso-
lated by Ficoll-Hypaque density gradient centrifugation from heparinized
blood. CD4+CD25+ Treg were isolated from PBMC using CD4+CD25+ reg-
ulatory T cell isolation kit (Miltenyi Biotec, Bergisch Gladbach, Germany)
with a MidiMacs separator unit, according to the manufacturer’s instructions.
The purity of CD4+CD25+ Treg was > 95%. CD4+CD25+, CD4+CD25– (1.0
× 104), or both cell subpopulations (1:1; 1.0 × 104 each per well) were cul-
tured in 96-well round-bottom plates and were stimulated with anti-
CD3/CD28-coupled beads (Dynal Biotech). After 72 h, proliferation reagent
WST-1 solution (Roche Diagnostics) was added to each well and incubated
for 2 h. The absorbance of samples was measured using filters of 450 nm with
620 nm as the reference wavelength.
Real-time polymerase chain reaction (PCR). CD4+ T cells were enriched
from PBMC by negative selection using the CD4+ T cell isolation kit
(Miltenyi Biotec). RNA was isolated from salivary glands from 18 patients
with pSS and 3 patients with viral parotitis using the RNeasy Mini Kit
(Qiagen). The total amount of RNA was reverse-transcribed using Superscript
II reverse-transcriptase and oligo (dT) primer in a final volume of 20 µl
(Invitrogen, Life Technologies, San Diego, CA, USA). Foxp3 mRNA levels
were quantified by real-time PCR using the Rotogene-3000 Real-Time
Thermo cycle (Corbett Research, Sydney, Australia). The normalized value
for relevant mRNA expression in each sample was calculated as the relative
quantity of relevant primers divided by the relative quantity of GAPDH.
Sequences of PCR primer pairs were as follows: Foxp3, forward 5’-GCA
CAT TCC CAG AGT TCC TC-3’ and reverse 5’-ATT GAG TGT CCG CTG
CTT CT-3; GAPDH, forward 5’-TGC ACC ACC AAC TGC TTA GC-3’ and
reverse 5’- GGC ATG GAC TGT GGT CAT GAG-3’. Relative Foxp3 mRNA
expression was calculated by dividing the relative quantity of Foxp3 mRNA
by the relative quantity of GAPDH in each sample and normalized by setting
that of CD4+ T cells and salivary gland tissue from normal control at 100. All
samples were expressed as the mean (± SD).
Other assessments. Serum antinuclear antibodies were analyzed by indirect
immunofluorescence assay on HEp-2 cell slides. Antibodies against Ro/SSA
and La/SSB were detected in serum by immunoblotting. IgG, IgA, and IgM
serum levels were measured by immunoturbidimetry assay.
Statistical analyses. Data were processed with the GraphPad Prizm 4.0 soft-
ware (GraphPad, San, Diego, CA, USA). P value of < 0.05 was considered to
be statistically significant.

Table 1. Clinical features of patients with pSS (51 women, 1 man).

Clinical Feature Value

Age, yrs, mean (SD) 46.7 (11.8)
Time from diagnosis, yrs 1.9 ± 2.7
Serology

Positive anti-SSA, % 70.0
Positive anti-SSB, % 36.9
IgG, g/l, mean ± SD 20.0 ± 6.7
IgA, g/l, mean ± SD 3.6 ± 1.8
IgM, g/l, mean ± SD 2.3 ± 1.6

Function
Schimer test, mm/5 min, mean ± SD 4.7 ± 5.2
Salivary flow, ml/15 min, mean ± SD 0.26 ± 0.21
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RESULTS
Reduction of CD4+CD25+ cells in salivary glands of pSS.
Almost all salivary gland biopsies of 30 patients with SS
exhibited infiltration of inflammatory cells; 12 patients
showed scattered or focal infiltration of mononuclear cells
without parenchyma destruction, 10 showed focal accumula-
tion with parenchyma destruction, and the other 8 exhibited
extensive infiltration of mononuclear cells with severe tissue
damage (Figure 1). Salivary glands from 5 patients with viral
parotitis showed scattered infiltration of mononuclear cells.
There was no infiltration of mononuclear cells or visible
injury in control samples.

CD4+ T cells comprised the major population of mononu-
clear cells in salivary glands. CD8+ and macrophages were
also prominent in salivary glands. There were virtually no
CD4+, CD25+, or CD8+ T cells and rare macrophages in nor-
mal salivary samples.

Only rarely were the infiltrating cells seen to express CD25
in pSS (p = 0.00006 vs viral parotitis with Fisher’s exact test).
The overall frequency of CD25 expression on infiltrating lym-

phocytes was less than 1% by the use of 2 different clones, IL-
2R.1 and IG12, and was much less than that in salivary glands
with viral inflammation (about 3%–4% of all infiltrated cells,
Figure 2). Similarly, Foxp3 staining with antibody from 2 dif-
ferent clones, hFOXY and pch101 set, was found in only 5 of
30 patients with pSS, but in all patients with parotitis (p =
0.00078, pSS vs parotitis with Fisher’s exact test). Further,
Foxp3-positive cells were fewer (< 1% of all infiltrated cells)
in samples of patients with pSS compared to those of patients
with parotitis (3%–4% of infiltrated cells, Figure 3).

Foxp3 mRNA expression was detected in only 3 of 18
patients with pSS, but in each of 3 patients with parotitis. In
addition, Foxp3 gene expression was less expressed in sali-
vary glands of patients with pSS than that in glands of patients
with parotitis (Figure 4B).

The cell suspensions from fresh salivary glands biopsy of
7 patients with pSS were assessed by FACScan. No
CD4+CD25+ T cells were detected in the salivary glands of
these patients.
Reduced CD4+CD25+high T cells in peripheral blood of pSS.

Figure 1. Representative histopathology of salivary glands from patients with pSS (panels B to D) and control (A). B. Scattered infil-
tration of mononuclear cells without obvious parenchymal destruction. C. Focal infiltration of mononuclear cells in the salivary gland
with acinar tissue atrophy and destruction. D. Section showing diffuse infiltration of mononuclear cells in the salivary gland. Staining
with H&E (200×).
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Forty-nine healthy volunteer adults were examined for CD25
expression on peripheral CD4+ T cells. The percentage of
CD4+CD25+high was 1.1% among PBMC (range 0.6 to
3.5%).

In peripheral blood of 52 patients with pSS, the percentage
of CD4+CD25+high T cells was significantly reduced (median
0.6%, range 0.001% to 1.8%) compared to controls (p <

0.001; Figure 5). Moreover, Foxp3 mRNA expression of
peripheral CD4+ T cells was significantly reduced in patients
with pSS compared to healthy controls (Figure 4A). However,
there was no significant difference in the inhibitory function
of peripheral CD4+CD25+ T cells isolated from patients with
pSS or healthy controls (Figure 6).

There was no correlation between the levels of peripheral

Figure 2. Sections immunostained with the anti-CD25 monoclonal antibody. A. Normal. B. CD25+ T cells in non-autoimmune inflamed
salivary glands. C. CD25+ T lymphocytes in salivary glands were detected in only 2 of 30 patients with pSS (400×). Moreover, the num-
ber of CD25+ cells was much lower in salivary glands of patients with pSS than in salivary glands from patients with non-autoimmune
parotitis.

Figure 3. Sections immunostained with the Foxp3 monoclonal antibody. A. Normal. B. Foxp3 expression in the nuclei of T cells in
non-autoimmune inflamed salivary glands. C. Foxp3 staining in salivary glands was detected in 5 of 30 patients with pSS (400×).
Foxp3-positive cells were markedly reduced in salivary glands of patients with pSS compared to glands from patients with non-autoim-
mune parotitis.

Figure 4. Mean relative Foxp3 mRNA levels assessed by real-time PCR in (A) peripheral CD4+ T cells from 6 healthy controls and 6 pSS patients; and (B) sali-
vary gland tissue from 18 patients with pSS and 3 patients with viral parotitis and 5 tonsils. *p < 0.05.
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CD4+CD25+high T cells in patients with pSS and presence of
serum antibodies against Ro/SSA and La/SSB, serum levels of
IgG, IgM and IgA, or exocrine gland function.

DISCUSSION
Our study showed markedly diminished CD4+CD25+ T cells
and Foxp3 expression in salivary glands of patients with pSS.
Patients with pSS also had a significantly decreased percent-
age of CD4+CD25+high Treg and reduced Foxp3 expression in
their peripheral blood compared to that of healthy controls.
However, there was no significant difference in the inhibitory
function of CD4+CD25+ T cells of patients with pSS or con-
trols. Moreover, levels of peripheral CD4+CD25+high Treg did
not correlate with serological features or functional measures
of disease, and so it is difficult to infer a causative role for
Treg from the results of peripheral blood testing.

Abundant studies have focused on peripheral levels of

CD4+CD25+ and CD4+CD25+high in the patients with
autoimmune diseases to explore the role of Treg. However,
studies that explore Treg at a target-organ level are very lim-
ited11,12,14-16. Miyara, et al assessed Treg in kidney and lymph
node in active SLE, and found that Treg do not accumulate in
the sites of inflamed kidney15. Similarly, CD4+CD25+high T
cells and Foxp3-positive cells were significantly reduced in
liver of patients with primary biliary cirrhosis16. The most
striking finding in our study is rarity of CD25+ cells among
CD4 T cells in affected salivary glands of patients with pSS.
Previous reports have revealed controversial results on the
CD25-positive cell distribution in the affected salivary gland
of pSS. Aziz, et al reported that although infiltrating mononu-
clear cells were activated, as evidenced by their expression of
HLA-DR and ICAM-1, they did not express CD25, a result
confirmed using 2 antibodies17. Jonsson, et al showed few
lymphocytes expressed interleukin 2R18. However, Riccieri,
et al19 and Coll, et al20,21 reported separately that CD25 was
expressed not only on infiltrating lymphocytic cells, but also
on epithelial cells in affected salivary glands of pSS. The dis-
crepancies among these reports could relate to specificity and
sensitivity of antibodies, the fact that CD25 defines not only
regulatory T cells but also activated lymphocytes, and to dif-
ferences in patient populations. Despite these reported incon-
sistencies in CD25 expression, it is possible to clarify whether
T regulatory cells exist in salivary glands by examining for
Foxp3 expression. Foxp3 is not only a key gene in the control
and maintenance of Treg function, but also the best marker
available to define Treg. In our studies, both immunohisto-
chemisty and real-time PCR analysis confirmed lower Foxp3
expression in salivary gland of pSS compared to that of paroti-
tis, further confirming diminution of Treg.

The reason for diminished Treg in salivary glands of
patients with pSS could relate to levels of transforming
growth factor-ß (TGF-ß). TGF-ß was strongly expressed in
the ductal epithelial cells of normal salivary glands, but was
not detectable in the salivary glands of patients with pSS22,23.
Although one report had contradictory findings regarding
ductal expression of TGF-ß, that report still has shown that
TGF-ß expression decreased in benign lymphoepithelial
lesions in comparison with controls24. Emerging evidence has
revealed that TGF-ß not only has a role in Treg suppres-
sion25,26, but also in derivation of Treg from naive T cells and
prevention of Treg apoptosis27,28. Whether remarkably dimin-
ished CD4+CD25+ Treg at a target-organ level could con-
tribute to the pathogenesis of pSS is not clear. It is possible
that Treg have no role in the pathogenesis, and their diminu-
tion could be the results of target destruction, and not the
cause of pSS. This possibility is further supported by the evi-
dence that decreased levels of Treg did not correlate with clin-
ical and serological findings. Another explanation is that the
diminution in Treg may be involved in the pathogenesis of
pSS, since local deficiency of CD4+CD25+ Treg would tip
the balance in favor of tissue destruction from CD4+ T cells,

Figure 5. CD4+25+high T cells in peripheral blood were significantly lower
in patients with pSS than controls. Values are expressed as percentages of
peripheral blood mononuclear cells.

Figure 6. Function of CD4+CD25+ T cells in patients and controls.
CD4+CD25– cells were stimulated alone or in the presence of CD4+CD25+
T cells (CD25+:CD25– ratio is 1:1) from 5 healthy controls and 5 patients
with pSS. There was no significant difference in the suppressive ability of
CD4+CD25+ T cells between controls and patients.
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CD8+ T cells, and macrophages. Salivary gland B cells and
natural killer (NK) cells may also contribute to the pathogen-
esis of pSS29-31. It has been reported that CD4+CD25+ T cells
are able to suppress both B cells and NK cells in vitro32-35.
Whether diminished CD4+CD25+ Treg contributes to the
overactivation of these cells in salivary glands remains to be
studied further. The importance of local versus peripheral
CD4+CD25+ T cells is emphasized by their mechanism of
action. CD4+CD25+ Treg have been demonstrated in vitro
and in vivo to exert their suppressive effects in a cell-contact
manner36. Thus, optimal limitation of inflammation in target
organs by Treg requires their presence locally. Interestingly
this finding of markedly diminished CD4+CD25+ Treg in the
affected organ contrasts with that of rheumatoid arthritis
(RA), where CD4+CD25+ T cell enrichment in synovial fluid
has been reported11. However, in contrast to our study, levels
of CD4+CD25+ Treg of synovial fluid were reported, but not
those of synovium and other joint tissue11,12.

In autoimmune diseases, Treg are known to diminish
autoreactive responses mediated by CD4+CD25– T cells and
may influence the onset and progression of autoimmunity.
Decreases in peripheral CD4+CD25+ Treg and/or defective
suppressor function have been observed in humans with
autoimmune disease7-9,37-41. However, no significant changes
of peripheral frequency and/or impairment of suppressor
function of Treg have been reported in multiple sclerosis or
autoimmune polyglandular syndrome type II9,42. Moreover,
increased levels of peripheral CD4+CD25+high T cells were
documented in RA and juvenile idiopathic arthritis10,12,43.

Discrepancies among reported frequencies of peripheral
CD4+CD25+ T cells could relate to the nature of individual
autoimmune diseases, but also the method of assessment of
levels of CD4+CD25+ T cells. The importance of appropriate
age-matched controls has been emphasized10,44,45, because of
age-related differences in the percentage of peripheral blood
CD4+CD25+ T cells in controls and patients with autoim-
mune diseases. In our study, peripheral blood CD4+CD25+ T
cells and CD4+CD25+high Treg were significantly reduced in
the patients with pSS compared to age-matched healthy con-
trols. The finding in our study is clearly different to that of
Gottenberg, et al44, in which the population of Treg defined by
phenotypic expression of CD4+ and CD25+ did not appear to
differ; conversely, CD4+CD25+high Treg were significantly
increased in individuals with pSS compared with healthy con-
trols. A major difference in the studies of Gottenberg, et al is
that many of the patients with pSS (8/19) were treated with
immunosuppressive drugs. Immunosuppressive treatment has
been demonstrated to increase levels of peripheral
CD4+CD25+ T cells in human autoimmune liver disease46,
SLE47, and myasthenia gravis48. In our studies, no patient
with pSS had been treated with immunosuppressive drugs,
and so the levels of CD4+CD25+high Treg refer to the naive,
untreated state of pSS.

Although peripheral CD4+CD25+high levels were reduced

in pSS, their inhibitory function was unchanged in pSS com-
pared to controls. This finding is line with the results from
other autoimmune diseases such as SLE and RA15,49. A corre-
lation between the number of circulating Treg and clinical
measures was not established in our study. The lack of corre-
lation is perhaps not surprising given the overlap of peripher-
al Treg numbers between healthy controls and pSS. However,
deficiency of local Treg could be more important in the patho-
genesis of pSS. Anti-Ro/SSA and La/SSB can be detected
immunohistochemically in ectopic germinal centers of sali-
vary glands of patients with pSS30,50. Lack of local Treg could
contribute to increased serum levels of anti-Ro/SSA and
La/SSB, because Treg regulate humoral responses by a direct
suppression of B cells50,51. Similarly, functional hallmarks of
pSS, such as xerostomia and xerophthalmia, could result from
diminished exocrine gland Treg due to impaired inhibition of
destructive infiltrating mononuclear cells. Unlike other
autoimmune diseases such as SLE52 and RA53, pSS lacks
comprehensive criteria to assess disease activity. Therefore, it
is also not surprising that in our study there was no correlation
between peripheral CD4+CD25+high levels and serological
markers or functional indices of disease.

This description of markedly diminished Treg in salivary
glands, with decreased numbers of CD4+CD25+high Treg in
peripheral blood, is the first to demonstrate target-organ-spe-
cific perturbation of Treg numbers in patients with pSS.

ACKNOWLEDGMENT
We thank Dr. Sung Guo Zheng, Keck School of Medicine, University of
Southern California, for critically evaluating the manuscript.

REFERENCES
1. Zhang NZ, Shi CS, Yao QP, et al. Prevalence of primary Sjogren’s

syndrome in China. J Rheumatol 1995;22:659-61.
2. Fox RI, Stern M, Michelson P. Update in Sjogren syndrome. Curr

Opin Rheumatol 2000;12:391-8.
3. Fox RI. Sjogren’s syndrome. Lancet 2005;366:321-31.
4. Voulgarelis M, Moutsopoulos HM. Malignant lymphoma in

primary Sjogren’s syndrome. Isr Med Assoc J 2001;3:761-6.
5. Lan RY, Ansari AA, Lian ZX, Gershwin ME. Regulatory T cells:

development, function and role in autoimmunity. Autoimmun Rev
2005;4:351-63.

6. Sakaguchi S, Sakaguchi N, Asano M, Itoh M, Toda M.
Immunologic self-tolerance maintained by activated T cells
expressing IL-2 receptor alpha-chains (CD25). Breakdown of a
single mechanism of self-tolerance causes various autoimmune
diseases. J Immunol 1995;155:1151-64.

7. Crispin JC, Martinez A, Alcocer-Varela J. Quantification of
regulatory T cells in patients with systemic lupus erythematosus.
J Autoimmun 2003;21:273-6.

8. Liu MF, Wang CR, Fung LL, Wu CR. Decreased CD4+CD25+ T
cells in peripheral blood of patients with systemic lupus
erythematosus. Scand J Immunol 2004;59:198-202.

9. Viglietta V, Baecher-Allan C, Weiner HL, Hafler DA. Loss of
functional suppression by CD4+CD25+ regulatory T cells in
patients with multiple sclerosis. J Exp Med 2004;199:971-9.

10. Brusko TM, Wasserfall CH, Clare-Salzler MJ, Schatz DA, Atkinson
MA. Functional defects and the influence of age on the frequency
of CD4+ CD25+ T-cells in type 1 diabetes. Diabetes
2005;54:1407-14.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2007. All rights reserved.

 www.jrheum.orgDownloaded on March 20, 2024 from 

http://www.jrheum.org/


2444 The Journal of Rheumatology 2007; 34:12

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2007. All rights reserved.

11. van Amelsfort JM, Jacobs KM, Bijlsma JW, Lafeber FP, Taams LS.
CD4(+)CD25(+) regulatory T cells in rheumatoid arthritis:
differences in the presence, phenotype, and function between
peripheral blood and synovial fluid. Arthritis Rheum
2004;50:2775-85.

12. Cao D, Malmstrom V, Baecher-Allan C, Hafler D, Klareskog L,
Trollmo C. Isolation and functional characterization of regulatory
CD25brightCD4+ T cells from the target organ of patients with
rheumatoid arthritis. Eur J Immunol 2003;33:215-23.

13. Vitali C, Bombardieri S, Jonsson R, et al. Classification criteria for
Sjogren’s syndrome: a revised version of the European criteria
proposed by the American-European Consensus Group. Ann
Rheum Dis 2002;61:554-8.

14. Maul J, Loddenkemper C, Mundt P, et al. Peripheral and intestinal
regulatory CD4+ CD25(high) T cells in inflammatory bowel
disease. Gastroenterology 2005;128:1868-78.

15. Miyara M, Amoura Z, Parizot C, et al. Global natural regulatory T
cell depletion in active systemic lupus erythematosus. J Immunol
2005;175:8392-400.

16. Lan RY, Cheng C, Lian ZX, et al. Liver-targeted and peripheral
blood alterations of regulatory T cells in primary biliary cirrhosis.
Hepatology 2006;43:729-37.

17. Aziz KE, McCluskey PJ, Wakefield D. Expression of selectins
(CD62 E,L,P) and cellular adhesion molecules in primary Sjogren’s
syndrome: questions to immunoregulation. Clin Immunol
Immunopathol 1996;80:55-66.

18. Jonsson R, Klareskog L, Backman K, Tarkowski A. Expression of
HLA-D-locus (DP, DQ, DR)-coded antigens, beta 2-microglobulin,
and the interleukin 2 receptor in Sjogren’s syndrome. Clin Immunol
Immunopathol 1987;45:235-43.

19. Riccieri V, Spadaro A, Saso L, Valentini G, Taccari E, Silvestrini B.
Immunohistologic markers of immune activation and changes of
glycosylation of serum proteins in primary Sjogren’s syndrome.
Clin Exp Rheumatol 2001;19:53-8.

20. Coll J, Tomas S, Vilella R, Corominas J. Interleukin-2 receptor
expression in salivary glands of patients with Sjogren’s syndrome.
J Rheumatol 1995;22:1488-91.

21. Coll J, Anglada J, Tomas S, et al. High prevalence of subclinical
Sjogren’s syndrome features in patients with autoimmune thyroid
disease. J Rheumatol 1997;24:1719-24.

22. Ogawa N, Dang H, Lazaridis K, McGuff HS, Aufdemorte TB, Talal
N. Analysis of transforming growth factor beta and other cytokines
in autoimmune exocrinopathy (Sjogren’s syndrome). J Interferon
Cytokine Res 1995;15:759-67.

23. Kizu Y, Sakurai H, Katagiri S, et al. Immunohistological analysis of
tumour growth factor beta 1 expression in normal and inflamed
salivary glands. J Clin Pathol 1996;49:728-32.

24. Mason GI, Hamburger J, Bowman S, Matthews JB. Salivary gland
expression of transforming growth factor beta isoforms in Sjogren’s
syndrome and benign lymphoepithelial lesions. Mol Pathol
2003;56:52-9.

25. Wahl SM, Swisher J, McCartney-Francis N, Chen W. TGF-beta: the
perpetrator of immune suppression by regulatory T cells and
suicidal T cells. J Leukoc Biol 2004;76:15-24.

26. Rudensky AY, Campbell DJ. In vivo sites and cellular mechanisms
of T reg cell-mediated suppression. J Exp Med 2006;203:489-92.

27. Yamagiwa S, Gray JD, Hashimoto S, Horwitz DA. A role for
TGF-beta in the generation and expansion of CD4+CD25+
regulatory T cells from human peripheral blood. J Immunol
2001;166:7282-9.

28. Zheng SG, Gray JD, Ohtsuka K, Yamagiwa S, Horwitz DA.
Generation ex vivo of TGF-beta-producing regulatory T cells from
CD4+CD25- precursors. J Immunol 2002;169:4183-9.

29. Hansen A, Odendahl M, Reiter K, et al. Diminished peripheral
blood memory B cells and accumulation of memory B cells in the

salivary glands of patients with Sjogren’s syndrome. Arthritis
Rheum 2002;46:2160-71.

30. Salomonsson S, Jonsson MV, Skarstein K, et al. Cellular basis of
ectopic germinal center formation and autoantibody production in
the target organ of patients with Sjogren’s syndrome. Arthritis
Rheum 2003;48:3187-201.

31. Kojo S, Adachi Y, Keino H, Taniguchi M, Sumida T. Dysfunction
of T cell receptor AV24AJ18+, BV11+ double-negative regulatory
natural killer T cells in autoimmune diseases. Arthritis Rheum
2001;44:1127-38.

32. Zhao DM, Thornton AM, DiPaolo RJ, Shevach EM. Activated
CD4+CD25+ T cells selectively kill B lymphocytes. Blood
2006;107:3925-32.

33. Lim HW, Hillsamer P, Banham AH, Kim CH. Cutting edge: direct
suppression of B cells by CD4+ CD25+ regulatory T cells.
J Immunol 2005;175:4180-3.

34. Trzonkowski P, Szmit E, Mysliwska J, Dobyszuk A, Mysliwski A.
CD4+CD25+ T regulatory cells inhibit cytotoxic activity of T
CD8+ and NK lymphocytes in the direct cell-to-cell interaction.
Clin Immunol 2004;112:258-67.

35. Azuma T, Takahashi T, Kunisato A, Kitamura T, Hirai H. Human
CD4+ CD25+ regulatory T cells suppress NKT cell functions.
Cancer Res 2003;63:4516-20.

36. Kuniyasu Y, Takahashi T, Itoh M, Shimizu J, Toda G, Sakaguchi S.
Naturally anergic and suppressive CD25(+)CD4(+) T cells as a
functionally and phenotypically distinct immunoregulatory T cell
subpopulation. Int Immunol 2000;12:1145-55.

37. Furuno K, Yuge T, Kusuhara K, et al. CD25+CD4+ regulatory T
cells in patients with Kawasaki disease. J Pediatr 2004;145:385-90.

38. Kukreja A, Cost G, Marker J, et al. Multiple immuno-regulatory
defects in type-1 diabetes. J Clin Invest 2002;109:131-40.

39. Ryan KR, Lawson CA, Lorenzi AR, Arkwright PD, Isaacs JD, Lilic
D. CD4+CD25+ T-regulatory cells are decreased in patients with
autoimmune polyendocrinopathy candidiasis ectodermal dystrophy.
J Allergy Clin Immunol 2005;116:1158-9.

40. Matarese G, Carrieri PB, La Cava A, et al. Leptin increase in
multiple sclerosis associates with reduced number of
CD4(+)CD25+ regulatory T cells. Proc Natl Acad Sci USA
2005;102:5150-5.

41. Bleesing JJ, Brown MR, Straus SE, et al. Immunophenotypic
profiles in families with autoimmune lymphoproliferative
syndrome. Blood 2001;98:2466-73.

42. Kriegel MA, Lohmann T, Gabler C, Blank N, Kalden JR, Lorenz
HM. Defective suppressor function of human CD4+ CD25+
regulatory T cells in autoimmune polyglandular syndrome type II.
J Exp Med 2004;199:1285-91.

43. de Kleer IM, Wedderburn LR, Taams LS, et al. CD4+CD25bright
regulatory T cells actively regulate inflammation in the joints of
patients with the remitting form of juvenile idiopathic arthritis.
J Immunol 2004;172:6435-43.

44. Gottenberg JE, Lavie F, Abbed K, et al. CD4 CD25high regulatory
T cells are not impaired in patients with primary Sjogren’s
syndrome. J Autoimmun 2005;24:235-42.

45. Dejaco C, Duftner C, Schirmer M. Are regulatory T-cells linked
with aging? Exp Gerontol 2006;41:339-45.

46. Longhi MS, Ma Y, Bogdanos DP, Cheeseman P, Mieli-Vergani G,
Vergani D. Impairment of CD4(+)CD25(+) regulatory T-cells in
autoimmune liver disease. J Hepatol 2004;41:31-7.

47. Suarez A, Lopez P, Gomez J, Gutierrez C. Enrichment of
CD4+CD25high T cell population in SLE patients treated with
glucocorticoids. Ann Rheum Dis 2006;65:1512-7.

48. Fattorossi A, Battaglia A, Buzzonetti A, Ciaraffa F, Scambia G,
Evoli A. Circulating and thymic CD4 CD25 T regulatory cells in
myasthenia gravis: effect of immunosuppressive treatment.
Immunology 2005;116:134-41.

 www.jrheum.orgDownloaded on March 20, 2024 from 

http://www.jrheum.org/


2445Li, et al: T regulatory cells in primary SS

49. Valencia X, Stephens G, Goldbach-Mansky R, Wilson M, Shevach
EM, Lipsky PE. TNF downmodulates the function of human
CD4+CD25hi T-regulatory cells. Blood 2006;108:253-61.

50. Bystry RS, Aluvihare V, Welch KA, Kallikourdis M, Betz AG. B
cells and professional APCs recruit regulatory T cells via CCL4.
Nat Immunol 2001;2:1126-32.

51. Seo SJ, Fields ML, Buckler JL, et al. The impact of T helper and T
regulatory cells on the regulation of anti-double-stranded DNA B
cells. Immunity 2002;16:535-46.

52. Bombardier C, Gladman DD, Urowitz MB, Caron D, Chang CH.
Derivation of the SLEDAI. A disease activity index for lupus
patients. The Committee on Prognosis Studies in SLE. Arthritis
Rheum 1992;35:630-40.

53. Felson DT, Anderson JJ, Boers M, et al. The American College of
Rheumatology preliminary core set of disease activity measures for
rheumatoid arthritis clinical trials. The Committee on Outcome
Measures in Rheumatoid Arthritis Clinical Trials. Arthritis Rheum
1993;36:729-40.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2007. All rights reserved.

 www.jrheum.orgDownloaded on March 20, 2024 from 

http://www.jrheum.org/

