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Abstract
Objectives Sjögren’s syndrome (SjS) patients exhibit great phenotypical heterogeneity, reinforced by the positiveness of anti-
SSA antibody. We aimed to evaluate lymphocyte subpopulations in SSA-positive (SSA+SjS) and SSA-negative (SSA−SjS) SjS
patients, Sicca patients, and healthy controls (HC), and to investigate associations between lymphocyte subpopulations and
disease activity in SjS.
Methods According to the fulfilment of the ACR/EULAR 2016 classification criteria, patients were included as SjS
or as Sicca. HC were selected from the Ophthalmology outpatient clinic. Lymphocyte subpopulations were charac-
terized by flow cytometry. Statistical analysis was performed with GraphPad PrismTM, with statistical significance
concluded if p < 0.05.
Results We included 53 SjS patients (38 SSA+ and 15 SSA−), 72 Sicca, and 24 HC. SSA+SjS patients presented increased IL-
21+CD4+ and CD8+ T cells compared to Sicca and HC, whereas compared to SSA−SjS patients, only IL-21+CD4+ T cell
percentages were increased and Tfh17 percentages and numbers were decreased. Compared to Sicca and HC, SSA+SjS patients
had higher levels of CD24HiCD38Hi B cells, naïve B cells, and IgM-/+CD38++ plasmablasts, and lower levels of memory B cells,
including CD24HiCD27+ B cells. SSA+SjS patients with clinically active disease had positive correlations between ESSDAI and
IL-21+CD4+ (p = 0.038, r = 0.456) and IL-21+CD8+ T cells (p = 0.046, r = 0.451).
Conclusions In SjS, a distinct lymphocyte subset distribution profile seems to be associated with positive anti-SSA. Moreover,
the association between ESSDAI and IL-21+CD4+ and IL-21+CD8+ (follicular) T cells in SSA+SjS patients suggests the
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involvement of these cells in disease pathogenesis and activity, and possibly their utility for the prognosis and assessment of
response to therapy.

Keywords B lymphocytes . Disease activity . Sjögren’s syndrome . SSA . T lymphocytes

Background

Sjögren’s syndrome (SjS) is a chronic immune-mediated dis-
ease characterized by lymphocytic infiltration and lesion of
exocrine glands, with a variable clinical spectrum, from iso-
lated mucosal dryness to systemic involvement with extra-
glandular manifestations [1].

The 2016 American College of Rheumatology (ACR)/
European League Against Rheumatism (EULAR) classifica-
tion criteria [2] demand either anti-SSA antibodies or a posi-
tive minor salivary gland (SG) biopsy (highly specific but
invasive and dependent on standardization).

SjS’s immunopathogenesis is complex and involves the
innate and adaptive immune system. B cell hyperactivity is
the hallmark of SjS, playing a major role in pathogenesis and
clinical evolution [3]. Interactions between T cells and acti-
vated B cells occur in germinal center (GC)–like structures
within target organs, such as SG and lachrymal glands, which
become dysfunctional [4]. Additionally, T cells infiltrate tar-
get organs and produce pro-inflammatory cytokines resulting
in B cell activation [5].

Follicular helper T cells (Tfh) have recently emerged as a
key player in SjS pathogenesis. Tfh cells are a major source of
IL-21, a cytokine that mediates B cell differentiation and pro-
liferation and promotes the ectopic formation of GC-like
structures [6]. The chemokine receptor X5 (CXCR5) induces
the homing of follicular T cells to lymph nodes, particularly to
B cell sites, and is a surface marker useful in the identification
of follicular-related T cells. CXCR5 is also expressed in CD8+

T cells, suggesting the existence of a follicular-related cyto-
toxic (CD8+) T cell subset (Tfc) [7]. Tfh differentiation is
promoted in the SG of SjS patients, who seem to present
increased circulating Tfh cells [8].

Although the frequency of regulatory T cells (Tregs) in SjS
is variable in the literature, SjS patients seem to present Tregs
deficiencies [9], contributing to disease pathogenesis.

Regarding B cells, increased naïve B cells and decreased
memory B cells, particularly unswitched memory, are typical
in SjS patients [10]. Some B cell subsets, known as regulatory
B cells (Bregs), contribute to the regulation of immune re-
sponses, mainly through the secretion of interleukin-10 (IL-

10). Bregs suppress effector T cells, inhibit Tfh differentiation,
and induce Tregs [11]. Recently, CD19+CD24+CD38hi Bregs
showed reduced IL-10 production and defective Tfh inhibito-
ry capacity in SjS patients [12].

The presence of anti-SSA antibodies is associated to dis-
tinct phenotypic features of SjS [13]. We sought to investigate
whether lymphocyte subpopulations were distinctive in SSA+
SjS patients versus SSA−SjS, Sicca patients, and healthy con-
trols (HC), and their impact in disease activity.

Methods

Population

We enrolled patients with confirmed or suspected SjS, who
were consecutively recruited and classified as SjS if ACR/
EULAR 2016 classification criteria were fulfilled, or other-
wise included in the Sicca group. All patients had been sub-
jected to a multidisciplinary evaluation which included ocular
evaluation (Schirmer’s test and corneal staining score), and
unstimulated salivary flow assessment (Table 1). Secondary
SjS patients were excluded.

The HC group consisted of women without Sicca symp-
toms, selected from the Ophthalmology outpatient clinic.

Disease activity in SjS was assessed with the EULAR
Sjögren’s Syndrome Disease Activity Index (ESSDAI) [14].
Patients were considered having clinically active disease if
they scored in any ESSDAI domain except for the hematolog-
ic and biologic ones. Patients were stratified according to dis-
ease activity as low (ESSDAI < 5) or moderate/high (ESSDAI
≥ 5) [15].

Informed consent was obtained from all participants. This
study was approved by the Ethics committees of Hospital
CUF Descobertas, Instituto Português de Reumatologia and
NOVA Medical School (no 17/2016/CEFCM).

Flow cytometry measurements

Blood samples were collected into EDTA-containing tubes,
processed, and analyzed within 24 h after collection. Pre-

Key Points
• SSA+SjS patients have a pronounced naïve/memory B cell imbalance.
• SSA+SjS patients have more active disease associated with IL-21+CD4+ and IL-21+CD8+ follicular T cell expansion.
• IL-21+CD4+ and IL-21+CD8+ T cell quantification may be useful for the prognosis and assessment of response to therapy.
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validated panels of monoclonal antibodies were used to charac-
terize lymphocyte subpopulations, including anti-CD3A, anti-
CD4A, anti-CD19B, anti-CD24B, anti-CD25B, anti-CD27B, an-
ti-CD38B, anti-CD127B, anti-CCR6A, anti-CCR7B, anti-
CXCR3A, anti-CXCR5A, anti-IgDB, and anti-IgMA (ABD
Biosciences; BBiolegend), as described elsewhere [16].

Samples were acquired in a 4-color BD FACS CaliburTM

cytometer (BD Biosciences) and analyzed with Cell Quest

ProTM software (BD Biosciences). This study addressed sev-
eral subsets of T cells, including Tregs and CXCR5+

follicular-related T cells, as well as naïve and memory B cell
subsets.

Each subset was evaluated in percentages and abso-
lu te counts , us ing BD Trucount tubesTM (BD
Biosciences).

Complete gating strategies are described in Fig. 1.

Table 1 Patients’ characteristics

Sjögren’s syndrome (SjS) Group’s comparison (p value)

Total SjS SSA+SjS SSA−SjS Sicca Total SjS
vs Sicca

SSA+SjS
vs SSA−SjS

SSA+SjS
vs Siccan = 53 n = 38 n = 15 n = 72

Sex, F/M 53/0 38/0 15/0 71/1 1.000 1.000 1.000

Age at onset (y), mean (SD) 46.2 (11.6) 44.4 (11.1) 50.7 (11.8) 50.8 (10.0) 0.022# 0.092# 0.004#

Age (y), mean (SD) 57.5 (11.9) 56.8 (12.4) 60.0 (9.0) 60.8 (11.0) 0.127# 0.538# 0.109#

Age at diagnosis (y), mean (SD) 51.7 (11.9) 49.6 (12.0) 57.0 (10.2) 57.4 (10.4) 0.006# 0.032# 0.001#

Symptom duration (y), mean (SD) 11.5 (7.6) 12.3 (7.6) 9.3 (7.3) 10.0 (5.4) 0.509# 0.183# 0.174#

Ocular symptoms, n (%) 50 (94.3) 36 (94.7) 14 (93.3) 69 (95.8) 0.650 1.000 0.610

Oral symptoms, n (%) 51 (96.2) 36 (94.7) 15 (100.0) 69 (95.8) 1.000 1.000 0.610

Low Schirmer’s/keratitis sicca, n (%) 33 (62.3) 22 (57.9) 11 (73.3) 39 (54.2) 0.464 0.359 0.840

Decreased salivary flow, n (%) 41 (77.4) 30 (78.9) 11 (73.3) 50 (69.4) 0.417 0.722 0.370

Clinically active disease, n (%) 26 (49.1) 21 (55.3) 5 (33.3) 10 (13.9) < 0.001 0.224 < 0.001

ESSDAI, mean (SD) [min–max] 2.5 (3.0) [0–14] 3.0 (3.2) [0–14] 1.3 (1.9) [0–7] NA - 0.025# -

ESSDAI ≥ 5, n (%) 9 (17.0) 8 (21.1) 1 (6.7) NA - 0.418# -

Salivary gland swelling, n (%) 8 (15.1) 8 (21.1) 0 (0) 2 (2.8) 0.018 0.088 0.003

Joint symptoms, n (%) 23 (43.4) 18 (47.4) 5 (33.3) 32 (50.8) 1.000 0.539 0.842

Skin symptoms, n (%) 18 (34.0) 13 (34.2) 5 (33.3) 16 (22.2) 0.160 1.000 0.182

Other extra-glandular involvement, n (%) 9 (17.0) 8 (21.1) 1 (6.7) 1 (1.4) 0.002 0.418 0.001

Raynaud’s phenomenon, n (%) 7 (13.2) 7 (18.4) 0 (0.0) 18 (25.0) 0.118 0.172 0.483

Focus score ≥ 1, n (%) 39 (76.5)a 24 (66.7)c 15 (100) 3 (4.2) < 0.001 0.011 < 0.001

SSA, n (%) 38 (71.7) 38 (100) 0 (0.0) 1 (1.4) < 0.001 < 0.001 < 0.001

SSB, n (%) 19 (39.6)b 19 (57.6)d 0 (0.0) 1 (1.4) < 0.001 < 0.001 < 0.001

ANA ≥ 1/320, n (%) 43 (81.1) 33 (86.8) 10 (66.7) 39 (54.2) 0.002 0.124 0.001

ANA ≥ 1/640, n (%) 31 (58.5) 28 (73.7) 3 (20.0) 26 (36.1) 0.019 0.001 < 0.001

RF positive, n (%) 31 (58.5) 26 (68.4) 5 (33.3) 19 (26.4)e 0.001 0.030 < 0.001

Gammaglobulin ≥ 1.6 g/dl, n (%) 14 (26.4) 13 (34.2) 1 (6.7) 3 (4.2)e 0.001 0.080 < 0.001

Therapy (any), n (%) 30 (56.6) 21 (55.3) 9 (60.0) 32 (44.4) 0.207 1.000 0.319

Glucocorticoids, n (%) 18 (34.0) 14 (36.8) 4 (26.7) 18 (25.0) 0.320 0.539 0.270

Hydroxychloroquine, n (%) 19 (35.8) 13 (34.2) 6 (40.0) 21 (29.2) 0.445 0.756 0.666

Immunosuppressants, n (%) 9 (17.0) 6 (15.8) 3 (20.0) 9 (12.5) 0.608 0.701 0.771

Patient’s characteristics are represented as number of occurrences (n) and percentages (%). Whenever there were missing values, percentages reflect the
number of occurrences over the number of patients tested for the item (a n = 51; b n = 48; c n = 36; d n = 33; e n = 71). Joint symptoms include arthritis and
joint pain of inflammatory origin, but only cases that would score in the articular domain of ESSDAI were considered extra-glandular disease. Likewise,
in some patients, skin involvement (which not included xerosis) was not considered extra-glandular disease if it would not score in the cutaneous domain
of ESSDAI. Statistically significant results are indicated in italic

SjS, primary Sjögren’s syndrome; F, female;M, male; y, years; SSA/SSB, Sjögren’s syndrome A/B antibody; ANA, antinuclear antibody; RF, rheumatoid
factor; ESSDAI, European Sjögren’s syndrome disease activity index

*Fisher’s exact test
#Mann-Whitney U test
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Functional assays for the evaluation of IL-21-
producing CD4 and CD8 T cells

To characterize IL-21 and IL-17-producing T cells, heparin-
ized blood was collected and stimulated with PMA (phorbol
myristate acetate; 50 ng/mL) and ionomycin (1 μg/mL), for
5 h at 37 °C in a 5% CO2 atmosphere, in the presence of
brefeldin A. After stimulation, cells were lysed, washed, and
then incubated with anti-CD3 and anti-CD8 for surface stain-
ing. Afterwards, cells were treated according to the manufac-
turer’s instructions for the BD Fixation/Permeabilization
Solution Kit with BD GolgiPlug™ (BD Biosciences) and
marked with anti-IL-21 and anti-IL17. Stimulated and
unstimulated tubes were run in parallel to assure proper stim-
ulation and staining controls. Gating strategies are presented
in Fig. 2.

Statistical analysis

GraphPad Prism™ software 8.3.0 for Windows was used for
statistical analysis. Categorical variables were expressed as
numbers and percentages and analyzed using Fisher’s exact

test. Normality was assessed using the D’Agostino and
Pearson test, and continuous variables were presented as
means (standard deviation) or medians (25th–75th percentile),
as applicable. The Mann-WhitneyU test was used to compare
every 2-independent groups. Spearman correlation coeffi-
cients were calculated to assess correlations. Statistical signif-
icance was concluded when p < 0.05.

Results

Patient’s characteristics

Fifty-three SjS and 72 Sicca patients were included. Thirty-
eight SjS patients (71.7%) presented anti-SSA antibodies
(SSA+SjS) while 15 (28.3%) were anti-SSA-negative (SSA–
SjS). TheHC group included 24women. Table 1 describes the
demographic, clinical, and immunological characteristics of
patients.

SSA+SjS had a younger age of onset (44.4 years vs 50.7
years; p = 0.092) and were diagnosed earlier (49.7 years vs
57.0 years; p = 0.032) than SSA−SjS. None of the SSA−SjS
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Fig. 1 Gating strategy for the identification of distinct T and B cell
subsets. (a) Lymphocytes were identified according to forward and side
scatter characteristics. (b and e) CD4+ T and B cells were identified as
CD4+ (b) and CD19+ (e) cells within the lymphocyte gate, respectively.
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2794 Clin Rheumatol (2021) 40:2791–2804



patients presented parotid enlargement or Raynaud’s phenom-
enon, although significance was not reached compared to
SSA+SjS. Clinically active disease was present in 55.3% of
SSA+SjS patients, with a mean ESSDAI of 3.0 (3.2), and in
33.3% of SSA−SjS with a mean ESSDAI of 1.3 (1.9) (p =
0.025). Rheumatoid factor (RF) was positive in 68.4% of
SSA+SjS, significantly more frequent than in SSA−SjS
(33.3%, p = 0.030) and Sicca (26.4%, p < 0.001).
Hypergammaglobulinemia was also more frequent in SSA+
SjS (34.2%) compared to SSA−SjS (6.7%, p = 0.080) and
Sicca (4.2%, p < 0.001).

Lymphocyte characterization

Complete results are presented in Table 2 and Supplementary
Table 1.

CD4+ and CD8+ T cell subsets

Compared to both Sicca and HC, SjS patients presented lower
CD4+ T cell counts, especially when considering the SSA+
SjS subgroup (percentages, p ≤ 0.032; absolute counts, p ≤
0.046). CD4+ T cell counts were also significantly lower in
Sicca compared to HC (p < 0.001). Both SjS groups presented
higher CD8+ T cell percentages compared to Sicca and HC,
with no differences in counts.

Treg counts were lower in all patient groups when
compared to HC (p ≤ 0.042), although with higher per-
centages in SSA+SjS compared to Sicca (p = 0.007)
(Fig. 3). When considering only SSA+SjS patients with
moderate/high disease activity (ESSDAI ≥ 5, n = 8), a
negative correlation was found between Treg counts and
the ESSDAI (p = 0.011, r = − 0.854) (Fig. 4).

Percentages of CXCR5+ CD4+ or CD8+ T cells were sim-
ilar in all patient groups. Nevertheless, lower levels of
CXCR5+ T-helper cell counts were observed in SSA+SjS
compared to Sicca (p = 0.026), and in all patient groups com-
pared to HC (p ≤ 0.022).

Regard ing CXCR5+Th subse ts , CXCR5+Th1
(CCR3+CCR6−) percentages were higher in SSA+SjS
than in Sicca (p = 0.003) and HC (p = 0.012), while
CXCR5+Th17 (CCR3−CCR6+) percentages were lower
in SSA+SjS compared to SSA−SjS (p = 0.036) and
Sicca (p = 0.024). However, CXCR5+Th1 counts were
lower in SSA+SjS and Sicca compared to HC (p ≤
0 . 0 0 1 ) , w h e r e a s S SA+S j S p r e s e n t e d l ow e r
CXCR5+Th17 counts compared to all groups (p ≤
0.015) (Fig. 3). To investigate possible relations with
disease activity, we further explored the association be-
tween Tfh-related subsets and the ESSDAI (Fig. 4).
SSA+SjS patients showed a trend for a positive corre-
lation between ESSDAI and CXCR5+Th1 percentages (r
= 0.294, p = 0.073), which was statistically significant
in patients with clinically active disease (r = 0.616, p =
0.003), and among those, even stronger when consider-
ing patients with moderate/high disease activity (r =
0 .927 , p = 0 .002 ) . Con t r a r i l y , ESSDAI and
CXCR5+Th17 percentages (r = − 0.341, p = 0.036)
showed a negative correlation, also slightly stronger in
patients with active disease (r = − 0.456, p = 0.038).
Despite the low number of patients with moderate/high
disease activity, a similar trend was also observed for
ESSDAI and CXCR5+Th17 percentages (r = − 0.659, p
= 0.088) in this group. No correlations were found be-
tween Tfh-related subsets and ESSDAI in SSA−SjS
patients.
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IL-21-secreting CD4 and CD8 T cells

We found increased percentages of IL-21+CD4+ T cells
(13.3%) in SSA+SjS compared to SSA−SjS (8.5%, p =
0.015), Sicca (9.6%, p < 0.001), and HC (9.7%, p = 0.002),
without differences in absolute counts. Similarly, IL-21+CD8+

T cells percentages were significantly increased in SSA+SjS
(4.6%) compared to Sicca (3.1%, p = 0.009) and HC (2.8%, p
= 0.008), and tendentially significant compared to SSA−SjS
(3.12%, p = 0.071) (Fig. 3).

Contrary to SSA−SjS, SSA+SjS patients showed higher
IL-21+CD8+ T cell counts compared to Sicca (p = 0.031).
Furthermore, ESSDAI positively correlated with both IL-
21+CD4+ (r = 0.456, p = 0.038) and IL-21+CD8+ (r = 0.451,
p = 0.046) T cells in SSA+SjS patients with clinically active
disease, but not in SSA−SjS (Fig. 4).

B cell subsets

The levels of total B cells were similar between groups,
though increased percentages of B cells were observed in
Sicca compared to SSA−SjS (p = 0.023), and decreased
counts were present in SSA+SjS compared to HC (p =
0.033). We found no differences in the distinct IgD/CD27 B
cell subsets between SSA+SjS and SSA−SjS. Interestingly,
SSA+SjS patients showed increased naïve (p = 0.032) and
decreased unswitched memory B cell percentages (p =
0.004) compared to HC. No differences were observed be-
tween SSA−SjS and the remaining groups, though these pa-
tients presented lower unswitched and switched memory B
cell counts than HC (p ≤ 0.025). Sicca patients also presented
decreased percentages and absolute counts of total memory (p
≤ 0.042) and switched memory (p ≤ 0.049) B cells compared
to HC.

When analyzing subsets related to regulatory B cells, mem-
ory CD24HiCD27+ B cells showed lower counts and percent-
ages in SSA+SjS patients than in Sicca (p ≤ 0.014) and HC (<
0.001). CD24HiCD27+ B cell percentages were similar in SSA
−SjS and HC, although SSA−SjS presented decreased counts
(p = 0.006). CD24HiCD38Hi B cell percentages were higher in
SSA+SjS compared to Sicca (p = 0.006).

Concerning IgM−/+CD38Hi plasmablasts, SSA+SjS
showed increased percentages compared to Sicca (p =
0.001) and HC (p = 0.032).

Discussion

SjS patients display great clinical and biological heterogeneity
[17].

We explored the clinical and immunological features of
SSA+/SSA− patients focusing on the lymphocyte subpopula-
tions distribution and its association with disease activity.T
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In our study, SSA+SjS patients presented higher propor-
tions of IL-21-producing CD4+ and CD8+ T cells, a pro-
nounced decrease in memory B cells, and increased naïve B
cells, compared to HC. Moreover, SSA+SjS patients present-
ed higher disease activity, and associations between ESSDAI
and several lymphocyte subsets, including IL-21+-producing
CD4+ and CD8+ T cells, and Tregs. To our knowledge, this is

the first study to approach CXCR5+Tc cells in SjS patients
according to anti-SSA positivity.

In SjS, the presence of anti-Ro/SSA and anti-La/SSB is a
dominant feature, reflecting the hyperactivity of autoreactive
B cells/plasma cells [18, 19]. Anti-SSA antibodies are associ-
ated with younger age of disease onset, worst exocrine gland
function, and parotid gland enlargement [20], as well as

g h

d e f

a b c

CXCR5+ Th1 cells CXCR5+ Th17 cellsRegulatory T cells

Fig. 3 Scatter dot plots with the distributions of T and B cell subsets’ percentages. Scatter dot plots (median with interquartile ranges) with the
distributions of T (d–h) and B (a–c) cell subsets percentages in all groups. Differences were tested using the Mann-Whitney U test
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several extra-glandular manifestations [13]. An increased risk
of lymphoma is predicted by clinical adverse prognostic fac-
tors, along with the disease activity (ESSDAI scores) [21].

Our SSA+SjS patients had a younger age of onset and,
conversely, a longer disease duration compared to SSA−SjS.
ESSDAI was higher in SSA+SjS, but due to the small sample,
clinical differences were not statistically significant, although
SG swelling and Raynaud’s phenomenon only occurred in
SSA+SjS. RF and hypergammaglobulinemia were more prev-
alent in SSA+SjS. All these differences are in accordance with
published data [13, 20].

In SjS patients, we found not only T cell lymphopenia but
also decreased B cell counts, which also occurred to a lesser
degree in Sicca patients.

Mandl [22] found significantly lower CD4+ T cell counts
and percentages in SjS, and lower absolute CD4+ T cell counts
in SSA+SjS, compared to Sicca patients. Another study
showed that SSA+/SSB+SjS patients had decreased circulat-
ing CD4+ T cells compared to SSA−/SSB−SjS and HC [23].
Also, CD4+ T cell numbers were lower in both SjS groups
compared to HC and in SSA+/SSB+SjS compared to SSA
−/SSB−SjS [23]. Our findings are partially in line with these

Fig. 4 Correlation of the ESSDAI with IL21-secreting CD4+ and CD8+ T
cells, and CD4+CD25+CD127low T cells. ESSDAI score correlations with
IL21-secreting CD4+ and CD8+ T cells, and CD4+CD25+CD127low T
cells in all patients (a, d, and g), in patients with clinically active disease

(b, e, and h), and in patients with ESSDAI ≥ 5 (c, f, and i). Correlations
were performed in SSA+ and SSA− SjS subgroups. Spearman correlation
coefficients, 95% confidence interval, and p values are indicated
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studies, as both SSA+SjS and SSA−SjS groups had lower
CD4+ T cells compared to Sicca and HC groups.
Interestingly, CD4+ T cell counts were also lower in Sicca
compared to HC.

Lymphopenia in SjS has been attributed to the migration of
peripheral blood CD4+ T cells to the exocrine glands [24] and
therefore may traduce a more active disease profile. However,
it has been recently proposed that decreased T cells in SjS
represent a senescent phenotype due to earlier increased pro-
liferation on naïve CD4+ T cells contributing to their later
exhaustion [25]. Epigenetic cell counting, a promising novel
tool to quantify immune cells in the salivary glands, may
contribute to a better understanding of cell distribution and
immunopathology [26].

The higher percentages of CD8+ T cells found in both SjS
groups compared to Sicca and HC differ from Mandl et al.
[22] study, which found no differences in CD8+ T cells per-
centages while describing, as we did, lower CD8+ T cell
counts in both SSA+ and SSA−SjS [22].

Follicular T cells participate in T cell–dependent B cell
responses in ectopic lymphoid structures. Typically, they ex-
press the follicular homing chemokine receptor CXCR5,
which guides their migration into B cell follicles, and secrete
the B cell helper cytokine IL-21 [27].

Increased Tfh frequencies have been described in the blood
and SG of SjS (recently reviewed by Verstappen [5]), possibly
related to extra-glandular manifestations [5, 28]. Our results
showed no differences concerning CXCR5+CD4+ T cell fre-
quencies between SjS (SSA+ and SSA−) and the other groups,
while lower numbers were found in SSA+SjS compared to
Sicca and HC. When addressing CXCR5+Th1 and Th17 pro-
files, according to CXCR3 and CCR6 expression, we found
higher frequencies of CXCR5+Th1 and lower frequencies of
CXCR5+Th17 in SSA+SjS patients, especially when compar-
ing SSA+SjS with SSA−SjS patients. Moreover, SSA+SjS
had lower CXCR5+Th17 counts compared to the other
groups, and Th17 percentages were lower in SSA+SjS com-
pared to SSA− and Sicca.

Despite some reports describe decreased circulating Tfh1
in SjS patients compared to HC, and higher or similar Tfh17
levels [29, 30], Aqrawy [31] observed a significant decrease
of CXCR5+Th17 frequencies in SjS. Our data are consistent
with the later study, supporting possible retention of
CXCR5+Th17 cells in the SG at the site of inflammation, thus
decreasing their circulating levels. The lower frequencies
found in SSA+SjS patients might traduce a more intense SG
accumulation in these patients, although a more specific phe-
notypic characterization of Tfh cells (PD1 marker) was not
performed.

A positive correlation between ESSDAI and CXCR5+Th1
percentages was observed in SSA+SjS patients, stronger in
patients with moderate/high disease activity. By contrast, a
negative correlation between ESSDAI and CXCR5+Th17

percentages was present. Previous reports correlated Tfh17-
like cells with disease activity and antibody production, sug-
gesting also increased expression of effector cell markers such
as PD1, CD40L, and IL-21 in these cells compared to Tfh1
cells [30]. Since the associations between ESSDAI score and
CXCR5+Th subsets only occurred in SSA+SjS patients, we
admit that the immune mechanisms underlying T cell dynam-
ics and disease manifestations may differ according to the
presence of anti-SSA antibodies.

Follicular T cells are major sources of IL-21, an autocrine
cytokine that regulates GC responses, B cell activation, and
immunoglobulin production [32]. Thus, we characterized IL-
21 production by CD4+ and CD8+ T cells to identify T cells
with a follicular phenotype. SSA+SjS patients presented
higher percentages of IL-21-secreting CD4+ T cells compared
to all other groups, and higher percentages of IL-21-secreting
CD8+ T cells compared to Sicca and HC. Our results suggest
that, among SjS patients, those SSA+ may have a different
biological and clinical profile, with more intense GC-like re-
actions. This is in line with a recent study by Pontarini [33],
which showed that circulating CXCR5+ICOS+PD-1+ Tfh sub-
sets producing high levels of both IL-21 and IFN-γ were
enriched in SjS patients with anti-Ro/SSA and anti-La/SSB
autoantibodies, especially those with ectopic lymphoid struc-
tures, and positively correlated with SG focus score.

Follicular CD8+ T cells have been identified in the
synovial ectopic follicles of patients with rheumatoid
arthritis [34], and recent data confirmed an important
role of CD8+ T cells in the development and progres-
sion of the SG lesions in SjS [35]. Our data, showing
an increased follicular function in SSA+SjS patients,
assessed by IL-21 production by CD4+ and CD8+ T
cells, support an important role of both subsets for an-
tibody production by the infiltrating B cells.

Noteworthy, we have also proven a strong positive corre-
lation between ESSDAI and both IL-21+CD4+ and IL-
21+CD8+ T cells in SSA+SjS patients with clinically active
disease, a feature not found in SSA−SjS patients. This is in
accordance withMingueneau’s study [24], where the frequen-
cies of circulating HLA-DR-expressing activated CD8+ and
CD4+ T cells correlated with the ESSDAI. Our observation
that IL-21+CD8+ T cells presented the same association with
disease activity as IL-21+CD4+ T cells suggest a role of these
cells in B cell responses. Therefore, the increase in circulating
follicular-related CD8+ T cells in SSA+SjS probably indicates
their role in the active clinical profile of these patients.
Considering the fundamental role of IL-21 in GC dynamics,
inducing B cell generation and differentiation into plasma
cells, and that increased serum levels of IL-21 have been de-
tected in patients with immune-mediated diseases, including
SjS[36], our findings of increased percentages of IL-21-
producing CD4+ and CD8+ T cells in SSA+SjS patients are
not surprising.
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For Treg characterization, we used the phenotype
CD4+CD25+CD127low recommended by the Human
Phenotyping Project [37], as these cells significantly express
Foxp3 and correlate positively with the classic regulatory T
cell CD4+CD25+Foxp3+ [8].

Although both groups of SjS, as well as Sicca patients, had
lower Treg counts compared to HC, SSA+SjS patients pre-
sented higher percentages compared to the other groups.
Gottenberg [38] had previously described a higher proportion
of functional CD4+CD25high regulatory T cells in SjS, espe-
cially in patients with extra-glandular manifestations or anti-
SSA/SSB antibodies, suggesting reactive feedback. Recently,
higher levels of Tregs have also been reported by Maria [39]
(in SjS patients with positive Interferon gene expression sig-
nature) and Verstappen [40]. However, Tregs are controver-
sial in SjS [9]. Sudzius [23] did not find significant differences
in circulating CD4+CD25+Foxp3+ T cells in SjS patients with
and without anti-SSA antibodies. Nevertheless, in their study,
both patients and controls presented low levels of
CD4+CD25+Foxp3+ T cells (< 1.5% of total CD4 T cells)
[41].

A negative correlation between the frequency of circulating
CD4+CD25+Foxp3+ cells and the proportion of Tregs infil-
trating the SG was reported in SjS [42]. Moreover, patients
with advanced pathologic lesions had higher circulating levels
of Foxp3+ cells and tissue infiltration by Tregs was reduced.
Additionally, this study showed that CD4+CD25+CD127low T
cell frequencies paralleled Foxp3+ T cells in SjS and controls,
supporting our choice for the CD4+CD25+CD127low

phenotype.
Interestingly, in SSA+SjS with moderate/high disease ac-

tivity, we found a strong negative correlation between
ESSDAI and circulating Treg counts. Considering our data
and the previous observations from Christodoulou [42], activ-
ity scores seem to proportionally increase to the level of infil-
trating Tregs, relating to a decrease in circulating levels.
Nevertheless, it cannot be excluded that the association be-
tween decreased Treg counts and ESSDAI may be simply a
reflex of the lymphopenia in patients with more active disease.
However, other authors failed to encounter associations be-
tween disease activity and circulating Tregs [9].

SSA+SjS patients presented several features of B cell acti-
vation, in accordance with our previous data [16], with higher
proportions of naïve mature B cells and lower memory B cells
compared to HC.

The increase in naïve mature B cells is widely described for
SjS, and has been attributed to impairment of early B cell
tolerance checkpoints [3]. Higher proportions of naïve B cells
in SSA+SjS support a more severe immune dysregulation.
The mobilization of self-reactive naïve B cells from the bone
marrow to the periphery is increased in SjS [3], and recently
Glauzy [43] found that among the expanded naïve B cells in
SjS, most clones were polyreactive, pointing to their

emergence from defective central and peripheral B cell toler-
ance checkpoints in SjS patients.

Also, increased migration of memory B cells to the affected
SG occurs [44], accompanied by a shift in B cell differentia-
tion towards plasma cells [45]. The consequent increased pro-
duction of autoantibodies in the SG appears to strongly reflect
the serologic humoral response [46]. Therefore, we admit that
our SSA+SjS patients have a greater reduction in circulating
memory B cells due to their migration to the SG, reinforced by
the more frequent occurrence of SG enlargement and
hypergammaglobulinemia, both of which are markers of B
cell activation in SjS [47].

Additionally, IgM−/+CD38Hi plasmablast percentages were
increased in SSA+SjS compared to both Sicca and HC,
whereas no differences were found comparing SSA−SjS.
This is in line with the proposed identification of this popula-
tion as plasma cell precursors, responsible for antibody pro-
duction in SjS.

SSA−SjS also presented increased naïve and decreased
memory B cell percentages and numbers compared to HC,
although the small number of patients did not allow for further
clarification.

The frequencies of new emigrant/transitional B cells ex-
pressing polyreactive B cell receptors were shown to be in-
creased in SjS patients, a fact attributed to defective central B
cell tolerance in SjS [43]. Considering CD24HiCD38Hi B cells
as transitional cells, their significant increase in SSA+SjS may
suggest a greater defect in central B cell tolerance allowing for
their increased release into the circulation.

CD24HiCD38Hi B cells, as well as CD24HiCD27+ B cells,
are populations known to be enriched in regulatory cells [48].
In our study, decreased numbers and percentages of
CD24HiCD27+ B cells and increased CD24HiCD38Hi B cells
occurred in SSA+SjS, whereas SSA−SjS only presented de-
creased numbers of CD24HiCD27+ B cells. Our results on
these populations are difficult to interpret as functional assays
for IL-10 productionwere not performed. However, decreased
CD24hiCD27+ B cells and a concomitantly reduced frequency
of IL10+CD24hiCD27+ B cells were reported in systemic lu-
pus erythematosus (SLE) patients compared to HC [49]. The
authors also reported decreased CD24hiCD38hi B cell frequen-
cy in SLE patients, but no differences in IL10+CD24hiCD38hi

B cells. Despite the changes found for CD24HiCD38Hi and
CD24HiCD27+ B cells in our study, the frequencies and func-
tion of IL-10-producing cells among those subsets remain
undetermined.

We acknowledge limitations in our study, such as the in-
clusion of patients with a broad range of age and disease
duration, variable disease activity and severity, and exclusive
peripheral blood evaluation. Additionally, a significant num-
ber of patients in both groups were under glucocorticoid and/
or hydroxychloroquine therapy, which could potentially influ-
ence lymphocyte subset distribution, although we consider
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our population to be representative of the daily clinical prac-
tice. We also recognize the potential risk of bias due to mul-
tiple paired testing in our results. Finally, the use of different
markers and phenotypic approaches can explain inconsis-
tencies with the literature, and the absence of functional assays
for regulatory T and B cells may overlook potential functional
deficiencies in our study.

Our data support that SSA+SjS patients have more active
disease, including markers of B cell activity such as
hypergammaglobulinemia, RF, and SG enlargement.
Overall, it seems that the underlying immune mechanisms
differ according to the presence of anti-SSA antibodies, with
a distinct lymphocyte subset profile observed in SSA+SjS
patients. The more pronounced naïve/memory B cell imbal-
ance in SSA+SjS patients reinforces the relevance of the ex-
panded follicular T cell compartment and B cell activity.
Furthermore, the association between ESSDAI and IL-
21+CD4+ and IL-21+CD8+ follicular-related T cells suggests
the possible involvement of these cells in the pathogenesis of
the disease and their possible application for prognosis and
monitoring of disease activity, particularly in SSA+SjS
patients.
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