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Abstract
B cell-activating factor (BAFF) is an essential cytokine in primary Sjögren’s syndrome (pSS) physiopathology. It has been 
reported that pSS patients develop germinal center-like (GC-like) structures in their minor salivary glands (MSGs). BAFF, 
BAFF-R, TACI, and BCMA expression was analyzed in MSGs from 29 subjects (nonspecific chronic sialadenitis and focal 
lymphocytic sialadenitis with the presence [pSS-GC(+)] or absence [pSS-GC(−)] of GC-like structures). Twenty-four per-
cent of patients showed ectopic GC-like structures and a high focus score [p < 0.001 vs pSS-GC(−)]. BAFF serum levels 
(sBAFF) were high in pSS patients (p = 0.025 vs healthy subjects). However, the pSS-GC(−) group showed higher sBAFF 
levels than pSS-GC(+) patients. BAFF and BAFF-R glandular expression levels were higher in pSS-GC(+) patients, without 
significant differences compared to pSS-GC(−) patients. Soluble levels of BAFF correlated with anti-La/SSB antibodies 
and disease duration. Our results showed that BAFF could contribute to focal lymphocytic infiltration. The role of BAFF-
binding receptors in MSGs is proposed as a mechanism for the possible establishment of ectopic GC-like structures and 
disease progression in some patients. In conclusion, this study supports previous evidence that considers the active BAFF 
system role in the pathogenesis of pSS and the need for strong biomarkers in this disease.
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Introduction

Primary Sjögren’s syndrome (pSS) is a chronic autoimmune 
disease characterized by salivary and lacrimal gland affec-
tion due to focal lymphocytic infiltration [1].

The most frequent histopathological feature for the clas-
sification of pSS patients is focal lymphocytic sialadenitis 
(FLS). In minor salivary glands, cell aggregates are adjacent 
to the gland acini and periductal ducts. However, it is also 
possible that some pSS patients develop nonspecific chronic 
sialadenitis (NSCS) characterized by a diffuse infiltrate, 
mainly located through normal acini close to the perilobu-
lar capsule [2].

Lymphocyte subpopulations in the target tissue are 
dependent on the lesion severity. T cells predominate in mild 
lesions, while B cells are abundant in more severe cases [3]; 
moreover, in glandular tissues, plasma cells have also been 
identified [4]. Once antigen-presenting cells start produc-
ing early cytokines, particularly type I and II interferons, 
they can promote the activation of T and B lymphocytes 
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[5]. It has been previously reported that in approximately 
15–40% of pSS cases with FLS, lymphocytic aggregates 
develop ectopic germinal center (GC)-like structures that 
resemble B cell germinal centers from secondary lymphoid 
tissues [6, 7].

One of the key molecules associated with pSS patho-
genesis is B cell-activating factor (BAFF), which is essen-
tial for B cell survival, maturation, and differentiation [8]. 
BAFF belongs to the TNF superfamily together with another 
homologous molecule named a proliferation-inducing ligand 
(APRIL). The interaction between BAFF and APRIL with 
their receptors mediates all physiological functions. BAFF-
receptor (BAFF-R), which binds exclusively to BAFF, is 
fundamental in the early stages of B cell maturation. The 
transmembrane activator and CAML interactor (TACI) has 
a higher affinity for BAFF than APRIL, which acts as a nega-
tive regulator in B cell homeostasis, isotype class-switching, 
and T-independent antigen responses. The B cell maturation 
antigen (BCMA), which may bind preferentially to APRIL 
instead of BAFF, is present mostly in plasmablasts and long-
lived plasma cells; BCMA mediates the survival of the latter 
differentiated cells [9].

The role of BAFF has been studied in autoimmune dis-
eases, including rheumatoid arthritis (RA) [10] and systemic 
lupus erythematosus (SLE) [11, 12], where it was associated 
with the presence of antibodies, severe clinical outcome of 
these diseases, and alterations in B cell population and sign-
aling pathways.

Previous studies in pSS showed that a high concentration 
of soluble BAFF (sBAFF) was associated with the levels 
of anti-SSA/Ro, anti-SSB/La, and rheumatoid factor (RF) 
antibodies [13]. In addition, an increased disease activity 
evaluated by the ESSDAI index was associated with sBAFF 
levels [14]. Furthermore, high BAFF mRNA expression, as 
well as the presence of BAFF in epithelial cells from minor 
salivary glands in pSS patients, has been demonstrated [15, 
16].

The clinical and immunological associations of BAFF 
and the presence of GC-like structures in pSS immunopa-
thology are still under consideration. Some studies have 
already shown that disease severity in patients with GC-
like structures is increased, showing high focus score [17] 
and a high prevalence of anti-Ro/SSA, anti-La/SSB [18], 
rheumatoid factor, C reactive protein (CRP) [19], antinu-
clear antibodies (ANAs) [20], and immunoglobulin G (IgG) 
titers [21]. Nevertheless, there is some other evidence that 
suggests that BAFF by itself is not associated with GC-like 
formation, but correlates positively with focus score and 
hypergammaglobulinemia in pSS patients [22].

Therefore, the BAFF system could be the key factor for 
understanding the formation and maintenance of germi-
nal centers at the glandular level. In this context, it is also 
important to consider the interactions with BAFF-binding 

receptors, which may explain the effects of the immuno-
logical network involved in pSS. For this reason, the present 
study aimed to analyze BAFF, BAFF-R, TACI, and BCMA 
glandular expression in MSGs of patients with the presence 
or absence of GC-like structures, and their association with 
serum levels of BAFF and clinical severity in pSS.

Materials and methods

Study subjects

Minor salivary glands (MSGs) and blood samples were 
obtained from 29 patients suspected of having primary 
Sjögren’s syndrome, who underwent to a lip biopsy at the 
Rheumatology Service of Hospital General de Occidente, 
Jalisco, Mexico, and Hospital Civil de Guadalajara Fray 
Antonio Alcalde, Jalisco, Mexico. All studied subjects 
signed an informed consent form, which included confi-
dentiality issues according to the Declaration of Helsinki 
(lastly reviewed in Fortaleza, Brazil, in 2013) and the actual 
national guidelines and normativity. The Ethics Commit-
tee of Hospital General de Occidente, Jalisco, México (No. 
448/16), and Hospital Civil de Guadalajara Fray Antonio 
Alcalde, Jalisco, México (No. 212/16), approved this study.

Of the 29 subjects included, only 25 patients fulfilled the 
2016 American College of Rheumatology/European League 
Against Rheumatism classification criteria for pSS [23]. 
The Sjögren’s Syndrome Disease Activity Index (SSDAI), 
Sjögren’s Syndrome Disease Damage Index (SSDDI) [24], 
and EULAR Sjögren’s Syndrome Disease Activity Index 
(ESSDAI) [25] were applied to pSS patients at the enroll-
ment of the study. Clinical and sociodemographic features 
were collected from the medical records of all patients. 
Blood samples were also obtained from 29 healthy sub-
jects as a control group, paired by age and gender, with 
non-inflammatory conditions such as infections, obesity, or 
autoimmune diseases. In all studied subjects, erythrocyte 
sedimentation rate (ESR, performed by Wintrobe’s method) 
and CRP (determined by turbidimetry, BS120, Mindray, 
Shenzhen, China) were measured.

Patients enrolled in the study were stratified according to 
their histopathological and clinical features as nonspecific 
chronic sialadenitis with sicca symptoms (NSCS-Sicca) 
(n = 4/29), nonspecific chronic sialadenitis with pSS (NSCS-
pSS) (n = 2/29), focal lymphocytic sialadenitis with pSS and 
non-GC-like structures [pSS-GC(−)] (n = 16/29), and focal 
lymphocytic sialadenitis with pSS and GC-like structures 
[pSS-GC(+)] (n = 7/29).



617Clinical and Experimental Medicine (2020) 20:615–626 

1 3

Histopathological evaluation of MSG biopsies 
and ectopic GC characterization

MSG biopsies were fixed in 4% paraformaldehyde and 
embedded in paraffin with a tissue processor (Leica TP1020, 
Leica Biosystems, Wetzlar, Germany). Tissue sections 4 
microns wide were mounted on electrocharged slides and 
stained with hematoxylin and eosin (H&E). Histological 
preparations were evaluated by two experienced pathologists 
who reported the infiltrating mononuclear cells according to 
the number of lymphocytic foci per total area in  mm2, which 
was later adjusted to foci/4 mm2 (focus score). Some of the 
FLS lip biopsies displayed ectopic germinal center forma-
tion, identified by a well-circumscribed chronic inflam-
matory cell infiltrate consisting of a lymphoid follicle-like 
organization, presenting a densely packed dark zone and 
a light zone and surrounded by a mantle zone. The pres-
ence of ectopic GC-like structures was further confirmed by 
CD21 staining of follicular dendritic cell (FDC) networks by 
immunohistochemistry.

Immunohistochemistry assay

Tissue slides were deparaffinized using dry heat at 59 
degrees and rehydrated by immersion in subsequently graded 
alcohol dilutions until distilled water. Slides were placed in 
Coplin cups with 10 mM sodium citrate buffer (pH = 6) for 
BAFF (ab16081, rat monoclonal antibody, dilution 1:100), 
TACI (ab79023, rabbit polyclonal antibody, dilution 1:200), 
BCMA (ab5972, rabbit polyclonal antibody, dilution 1:400), 
or 1 mM EDTA buffer (pH = 9) for CD21 (ab9492, mouse 
monoclonal antibody, dilution 1:10), and BAFF-R (ab16232, 
mouse monoclonal antibody, dilution 1:500) (ABCAM, 
Cambridge, UK), and moist heat was used as a method for 
antigen retrieval. Later, all slides were cooled, and a 3% 
hydrogen peroxide–10% methanol solution was added to 
achieve endogenous peroxidase blockade. Serum blocking 
was performed according to the secondary antibody source 
(horse serum for mouse antibodies, goat serum for rabbit 
antibodies, and rabbit serum for rat antibody) (Vector, Cali-
fornia, USA), and incubation with primary antibodies was 
carried out overnight at 4 °C. Secondary biotinylated anti-
bodies and streptavidin (ABC Vectastain ELITE kit, Vector, 
California, USA) were used, and diaminobenzidine (DAB) 
was employed for detection until the development of a red-
brown color. Finally, slides were counterstained with Harris 
hematoxylin.

For CD3 (790-4341, rabbit monoclonal antibody 2GV6), 
CD20 (760-2531, mouse monoclonal antibody L26) and 
CD138 (760-4248, mouse monoclonal antibody B-A38) 
immunohistochemistry assays, primary antibodies were 
obtained from Ventana iVIEW PATHWAY. Detection 
was performed with the iVIEW DAB detection kit (Roche 

Diagnostics, Arizona, USA), in an automated Benchmark 
ULTRA device (Roche Diagnostics, Arizona, USA) oper-
ated according to the manufacturer’s protocols for paraffin-
embedded tissues.

In all immunohistochemistry assays, validation for anti-
body specificity was performed by incubating slides with 
PBS buffer solution as a negative control, while sections of 
human tonsils were considered as the positive control.

Immunohistochemical analysis

Digital images from stained slides were obtained with an 
Axio Lab. A1 optical microscope (Zeiss, Oberkochen, 
Germany) and an Axiocam 305 digital camera (Zeiss, 
Oberkochen, Germany). Photomicrographs were taken at 
50× magnification in triplicate, capturing the same sur-
face areas from most of the tissues. The AxioVision V4.6 
software (Zeiss, Oberkochen, Germany) displayed the light 
and camera adjustments when the images were recorded. 
For image analysis, ImageJ open-access software (National 
Institutes of Health, Maryland, USA, https ://image j.nih.
gov/ij/) was used. First, digital images needed to be color 
deconvoluted into three layers: DAB, hematoxylin, and a 
complementary image. Only the DAB color layer represent-
ing staining positivity was analyzed considering the pixel 
intensity values in the range of 0–255 (wherein 0 represents 
the darkest shade of the color, and 255 represents the lightest 
shade of the color as standard) as previously described [26]. 
The mean intensity default threshold was set at the ‘Image’ 
menu, and using the ‘Measure’ tool from the ‘Analyze’ 
menu, the percentage of positive pixels within the selected 
area was determined.

BAFF serum levels and antibodies

Soluble BAFF (DBLYS0B) levels were quantified using an 
enzyme-linked immunosorbent assay (ELISA) kit (R&D 
Systems, Minnesota, USA) according to the manufacturer’s 
recommendation. The mean minimum detectable level of 
soluble BAFF was 2.68 pg/mL.

Anti-Ro/SSA (ORG 208) and anti-La/SSB (ORG 209) 
antibodies were measured in pSS patients using ELISA kits 
(ORGENTEC, Mainz, Germany) according to the manufac-
turer’s instructions with an assay limit of detection of 1.0 U/
mL and a cutoff point of 25.0 U/mL.

Immunoglobulin G (ELH-IGG1) levels were also meas-
ured with an ELISA kit (RayBiotech, Georgia, USA) follow-
ing appropriate indications, and the assay minimum detect-
able level was 150 pg/mL.

Antinuclear antibody (ANA) (EKC31161) detection 
was performed with a qualitative ELISA kit (Biomatik, 
Ontario, Canada) comparing optical densities of samples 

https://imagej.nih.gov/ij/
https://imagej.nih.gov/ij/
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with the negative control to establish the values for antibody 
positivity.

The absorbances were measured in a microplate reader 
(MultiSkan Go, Thermo Fisher Scientific, Massachusetts, 
USA). A four-parameter logistic regression was used to cal-
culate BAFF, anti-SSA/Ro, anti-SSB/La, and IgG concentra-
tions in all samples.

Statistical analysis

Statistical analysis was performed using SPSS Statistics 23 
(IBM Corporation, New York, USA) and GraphPad Prism 
6 software (GraphPad Software, California, USA). Data 
were analyzed using the Shapiro–Wilk normality test, the 
Kruskal–Wallis test, Mann–Whitney’s U test with post hoc 
Dunn’s multiple comparisons test, and Chi-squared test for 
proportions. In addition, Spearman’s rank correlation test 
in nonparametric data was performed for the association 
between BAFF, clinical parameters, and disease activity. 
Values of p equal to or less than 0.05 were considered sig-
nificant. Otherwise, nonsignificant p values are not shown.

Results

Demographic and clinical characteristics

All primary Sjögren’s syndrome patients were female with 
an average age of 53 years and two years of disease duration. 
In addition, 56% of the patients were positive for anti-Ro/
SSA, and 28% were positive for anti-La/SSB. Likewise, 92% 
had a focus score of lymphocytic infiltration ≥ 1 (evaluated 
in 4 mm2), and all of them showed oral or ocular symp-
toms. The most common extraglandular manifestations were 
arthritis/arthralgia (60%), fatigue (56%), cytopenia (16%), 
parotid swelling (8%), and neuropathy/neurological damage 
(4%). The treatments included hydroxychloroquine (48%), 
azathioprine (28%), methotrexate (16%), indomethacin 
(16%), and prednisone (8%). Patients with biological therapy 
were not included in this study (Table 1).

Demographic and clinical characteristics, according to 
histopathological and clinical features, are shown in Table 2. 
Patients with pSS-GC(+) presented the highest focus score 
[3.77  foci/4 mm2 vs GC(−) patients = 2.41  foci/4 mm2, 
p = 0.001; Table 2].

BAFF serum levels in pSS patients and controls

BAFF soluble (sBAFF) levels in pSS patients were higher 
than those in healthy subjects (HS) (1104.0  pg/mL vs 
HS = 870.2 pg/mL, p = 0.025; Fig. 1a). Moreover, when 
patients were stratified according to histopathological fea-
tures, the pSS-GC(−) patients presented the highest levels 

of sBAFF (1257.0 pg/mL vs HS = 870.2 pg/mL, p = 0.002; 
Fig. 1b).

Histopathological features of minor salivary glands 
and GC‑like structure identification

Minor salivary gland biopsies were analyzed according to 
their histopathological features (Fig. 2a–d). Patients with 
the presence or absence of germinal center-like structures 

Table 1  Demographics and clinical characteristics in pSS patients

pSS primary Sjögren’s syndrome, ESR erythrocyte sedimentation 
rate, CRP C-reactive protein, RF rheumatoid factor, ANA antinuclear 
antibody, Anti-Ro/SSA anti-Sjögren’s syndrome-related antigen A, 
Anti-La/SSB anti-Sjögren’s syndrome-related antigen B, IgG immu-
noglobulin G, SSDAI Sjögren’s syndrome disease activity index, 
SSDDI Sjögren’s syndrome disease damage index, ESSDAI EULAR 
primary Sjögren’s syndrome disease activity
a Data provided in mean (minimum and maximum)
b Data provided in median (p5 and p95)

Variables pSS (n = 25)

Demographics
Male/female 0/25
Age (years)a 53 (29–74)
Disease duration (years)a 2.3 (0.3–10)
Inflammation markers
ESR (mm/h)a 27 (9–76)
CRP (mg/L)a 7.0 (0.8–17.3)
Antibodies
RF positivity (%) 40
ANA positivity (%) 44
Anti-Ro/SSA positivity (%) 56
Anti-La/SSB positivity (%) 28
Hypergammaglobulinemia (IgG) (%) 84
Clinical parameters
Schirmer ≤ 5 mm/5 min (%) 100
Foci number ≥ 1 focus/4 mm2 (%) 92
Arthritis/arthralgia (%) 60
Fatigue (%) 56
Cytopenia (%) 16
Parotid swelling (%) 8
Neuropathy/neurologic damage (%) 4
SSDAI  scoreb 2 (0–6)
SSDDI  scoreb 2 (1–4)
ESSDAI  scoreb 4 (2–19)
Treatment
Hydroxychloroquine (%) 48
Azathioprine (%) 28
Methotrexate (%) 16
Indomethacin (%) 16
Prednisone (%) 8
Biological treatment (%) 0
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Table 2  Demographics and clinical characteristics in patients according to histopathological features

Statistical analysis was performed using Chi-squared for proportions and Kruskal–Wallis test for continuous data with significant value of 
p < 0.05, bold values represent significant differences between groups
pSS primary Sjögren’s syndrome, RF rheumatoid factor, ANA antinuclear antibody, Anti-Ro/SSA anti-Sjögren’s syndrome-related antigen A, 
Anti-La/SSB anti-Sjögren’s syndrome-related antigen B, IgG immunoglobulin G, SSDAI Sjögren’s syndrome disease activity index, SSDDI 
Sjögren’s syndrome disease damage index, ESSDAI EULAR primary Sjögren’s syndrome disease activity
*Statistical differences in focus score were observed between pSS-CG(−) and pSS-GC(+) (2.41 foci/4 mm2 vs 3.77 foci/4 mm2, p = 0.001) with 
Mann–Whitney U test
# Statistical differences in SSDAI score were observed between pSS-CG(−) and pSS-GC(+) (4 vs 0, p = 0.020) with Mann–Whitney U test
a Data provided in mean
b Data provided in median (p5 and p95)

Variables Nonspecific chronic 
sialadenitis-Sicca 
(n = 4)

Nonspecific chronic 
sialadenitis-pSS 
(n = 2)

pSS-GC(−) (n = 16) pSS-GC(+) (n = 7) p

Demographic and clinical parameters
Disease duration (years)a – 1.25 2.90 1.4 0.234
Fatigue, n (%) 0 1 (50) 11 (69) 2 (29) 0.200
Arthritis/arthralgia, n (%) 0 2 (100) 11 (69) 2 (29) 0.094
Cytopenia, n (%) 0 0 4 (25) 0 0.202
Neuropathy/neurologic damage, n (%) 0 0 1 (6) 0 0.746
Parotid swelling, n (%) 0 0 2 (13) 0 0.543
Foci number ≥ 1 focus/4 mm2a 0.51 0.63 2.41 3.77 < 0.001*
Antibodies
RF (U/mL)a 10.81 6.81 34.04 43.94 0.362
ANA, n (%) 0 0 6 (38) 4 (57) 0.136
Anti-Ro/SSA (U/mL)a 4.43 19.51 42.78 57.32 0.167
Anti-La/SSB (U/mL)a 3.49 4.70 13.29 62.43 0.273
IgG (mg/dL)a 2928.50 3534.50 6295.60 6434.29 0.245
Clinical severity indexes
SSDAI  scoreb – 3 (2–3) 4 (0–6) 0 (0–3) 0.047#

SSDDI  scoreb – 3 (2–4) 3 (1–4) 2 (1–4) 0.261
ESSDAI  scoreb – 3 (2–4) 4 (2–15) 2 (2–5) 0.139

Fig. 1  Soluble levels of BAFF. a Soluble levels of BAFF in pSS and 
HS. Significant difference was observed between pSS patients and HS 
(1104.0  pg/mL vs 870.2  pg/mL, p = 0.025). Statistical analysis was 
performed using Mann–Whitney U test. b Soluble levels of BAFF in 
pSS patients and non-pSS subjects according to histopathological fea-

tures. Statistical differences were observed between pSS-GC(−) and 
HS (1257.0  pg/mL vs 870.2  pg/mL, p = 0.002). Statistical analysis 
was performed using Kruskal–Wallis test and post hoc Dunn’s mul-
tiple comparisons test. HS healthy subjects, pSS primary Sjögren’s 
syndrome, NSCS nonspecific chronic sialadenitis, GC germinal center
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were identified. Characterization of germinal center-like 
structures in minor salivary glands was carried out by the 
recognition of morphological features that resemble germi-
nal centers in secondary lymphoid tissues and the detection 
of CD21 positivity as a cell surface marker for follicular 
dendritic cell networks (Fig. 2h). In addition, the CD21 
staining positivity percentage showed increased expres-
sion in pSS-GC(+) patients (pSS-GC(+) = 41.91% vs 
NSCS-Sicca = 0.53%, p = 0.002; and NSCS-pSS = 0.71%, 
p = 0.024; Fig. 2i).

Immunophenotype of infiltrating cells in minor 
salivary glands

The proportion of CD3+ cells was high as the tissue dam-
age increased. The percentage of CD3+ cells was less of 
10% in NSCS-Sicca (Fig. 3a) and NSCS-pSS (Fig. 3b). 
In pSS-GC(−) patients, the CD3+ cell distribution was 
more dispersed (approximately 33% of the inflammatory 
infiltrate, Fig. 3c). In pSS-GC(+) patients, 53% of CD3+ 
cells were located mainly in the surrounding areas, and 
some other CD3 cells were inside the GC-like structures 
(pSS-GC(+) = 53.14% vs NSCS-Sicca = 5.87%, p = 0.006; 
NSCS-pSS = 9.66%, p = 0.017; and pSS-GC(−) = 33.36%, 
p < 0.001; Fig. 3d, e).

Furthermore, CD20+ cells also increased according 
to the lesion degree; the nonspecific chronic sialadenitis 
groups presented the least amount of CD20+ cells, 2% and 
9%, respectively (Fig. 3f, g). CD20+ cells were found in 
well-defined areas in MSGs of focal lymphocytic sialadeni-
tis groups, representing approximately 42% of infiltrating 

cells (Fig. 3h), which coincided with the GC-like struc-
tures observed in pSS-GC(+) patients, where CD20+ cells 
covered approximately 68% of the lymphocytic infiltrate 
(pSS-GC(+) = 68.47% vs NSCS-Sicca = 2.88%, p = 0.006; 
NSCS-pSS = 9.18%, p = 0.017; and pSS-GC(−) = 42.21%, 
p < 0.001; Fig. 3i, j).

Additionally, CD138+ plasma cells were identified near 
salivary ducts in NSCS-Sicca (2%, Fig. 3k), NSCS-pSS 
(4%, Fig. 3l) and pSS-GC(−) (15%, Fig. 3m). Neverthe-
less, in GC-like structures, the number of CD138+ cells 
was increased (37% of the infiltrating cells) and distributed 
in regions outside of the follicle (pSS-GC(+) = 37.29% 
vs NSCS-Sicca = 2.53%, p = 0.006; NSCS-pSS = 3.97%, 
p = 0.017; and pSS-GC(−) = 15.56%, p < 0.001; Fig. 3n, o).

BAFF and BAFF‑binding receptors expression 
in minor salivary glands

BAFF expression displayed a homogeneous distribution 
among minor salivary glands, where compared to the non-
specific chronic sialadenitis groups, the focal lymphocytic 
sialadenitis groups had the highest levels of BAFF (Fig. 4a, 
b). No significant differences were observed between pSS-
GC(−) and pSS-GC(+) patients (Fig. 4c, d). The image anal-
ysis revealed differences in the BAFF percentage of staining 
positivity in pSS-GC(+) patients (pSS-GC(+) = 44.72% vs 
NSCS-Sicca = 6.43%, p = 0.009; and NSCS-pSS = 10.05%, 
p = 0.009; Fig. 4e).

BAFF-R staining positivity was absent in nonspecific 
chronic sialadenitis groups (Fig. 4f, g). Meanwhile, BAFF-
R+ cells were located in specific areas distant from the 

Fig. 2  Minor salivary glands from pSS patients according to histo-
pathological features. a–d Hematoxylin and eosin staining in minor 
salivary glands. Total magnification ×50 (Bar indicates approxi-
mately 400 µm). e–h CD21 positive staining in MSGs. Total magni-
fication ×50 (Bar indicates approximately 400 µm). i Statistical dif-
ferences in percentage of staining positivity were observed between 

NSCS-Sicca and pSS-GC(+) (0.53% vs 41.91%, p = 0.002); NSCS-
Sicca and pSS-GC(−) (0.53% vs 5.78%, p < 0.001); NSCS-pSS and 
pSS-GC(+) (0.71% vs 41.91%, p = 0.024). Statistical analysis was 
performed using Kruskal–Wallis test and post hoc Dunn’s multiple 
comparisons test. pSS primary Sjögren’s syndrome, NSCS nonspecific 
chronic sialadenitis, GC germinal center
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lymphocytic infiltrate of the glandular tissue in pSS-GC(−) 
patients (pSS-GC(−) = 23.22% vs NSCS-pSS = 1.04%, 
p = 0.009; Fig.  4h, j). Similarly, pSS-GC(+) patients 
expressed intense BAFF-R staining in GC-like structures 
around follicles and some positive cells inside follicles (pSS-
GC(+) = 23.24% vs NSCS-pSS = 1.04%, p = 0.009), which 
represented most CD3+ and some CD20+ infiltrating cells 
(Fig. 4i, j).

TACI showed a decreased proportion of positive cells 
in the NSCS groups (Fig. 4k, l). Nevertheless, a wide dis-
tribution of stained cells with high intensity in pSS-GC(−) 
(Fig. 4m) and pSS-GC(+) were observed. However, TACI 
staining was more evident in the GC-like structures where 
CD20+ cells were present (pSS-GC(+) = 27.72% vs NSCS-
Sicca = 4.37%, p = 0.009; and NSCS-pSS = 4.36%, p = 0.009; 
Fig. 4n, o).

BCMA glandular expression was higher in the NSCS 
groups than in the BAFF-R and TACI groups (Fig. 4p, q). 
BCMA expressing cells were identified in periacinar areas 
near salivary ducts, with a morphology resembling plasma 
cells, which coincided with CD138 positive cells in the 

pSS-GC(−) and pSS-GC(+) groups (Fig. 4r, s). Primary 
Sjögren’s syndrome patients with GC-like structures showed 
increased BCMA staining positivity (pSS-GC(+) = 24.64% 
vs NSCS-Sicca = 10.22%, p = 0.009; NSCS-pSS = 10.82%, 
p = 0.009; and pSS-GC(−) = 14.17%, p < 0.001; Fig. 4t).

Association between BAFF, clinical parameters, 
and disease severity

Primary Sjögren’s syndrome patients with increased lev-
els of sBAFF showed a high disease duration (r = 0.439, 
p = 0.032; Fig.  5a) and the highest anti-La/SSB levels 
(r = 0.420, p = 0.037; Fig. 5b). In addition, the disease dura-
tion correlated with anti-Ro/SSA levels (r = 0.409, p = 0.042; 
Fig. 5c) and SSDAI score (r = 0.491, p = 0.013; Fig. 5d).

Furthermore, positive correlations were observed between 
anti-Ro/SSA and anti-La/SSB levels (r = 0.753, p < 0.0001), 
anti-Ro/SSA and RF levels (r = 0.558, p = 0.004), and 
anti-La/SSB and RF levels (r = 0.677, p < 0.001). Finally, 
the SSDAI score was associated with anti-Ro/SSA lev-
els (r = 0.442, p = 0.027), anti-La/SSB levels (r = 0.419, 

Fig. 3  CD3, CD20 and CD138 expression in minor salivary glands. 
a–d CD3 positive staining in minor salivary glands. Total magnifi-
cation ×50 (Bar indicates approximately 400  µm). e Statistical dif-
ferences in percentage of staining positivity were observed between 
NSCS-Sicca and pSS-GC(+) (5.87% vs 53.14%, p = 0.006); NSCS-
pSS and pSS-GC(+) (9.66% vs 53.14%, p = 0.017); pSS-GC(−) and 
pSS-GC(+) (33.36% vs 53.14%, p < 0.001). f–i CD20 positive stain-
ing in minor salivary glands. Total magnification ×50 (Bar indi-
cates approximately 400  µm). j Statistical differences in percentage 
of staining positivity were observed between NSCS-Sicca and pSS-
GC(+) (2.88% vs 68.47%, p = 0.006); NSCS-pSS and pSS-GC(+) 

(9.18% vs 68.47%, p = 0.017); pSS-GC(−) and pSS-GC(+) (42.21% 
vs 68.47%, p < 0.001). k–n CD138 positive staining in minor sali-
vary glands. Total magnification ×50 (Bar indicates approximately 
400  µm). o Statistical differences in percentage of staining positiv-
ity were observed between NSCS-Sicca and pSS-GC(+) (2.53% vs 
37.29%, p = 0.006); NSCS-pSS and pSS-GC(+) (3.97% vs 37.29%, 
p = 0.017); pSS-GC(−) and pSS-GC(+) (15.56% vs 37.29%, 
p < 0.001). Statistical analysis was performed using Kruskal–Wal-
lis test and post hoc Dunn’s multiple comparisons test. pSS primary 
Sjögren’s syndrome, NSCS nonspecific chronic sialadenitis, GC ger-
minal center
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p = 0.037), and RF levels (r = 0.571, p = 0.008) (data not 
shown).

Discussion

In primary Sjögren’s syndrome, the focus score and features 
of minor salivary gland histopathology have been evaluated 
and strengthened as potential clinical biomarkers, which 
increase the predictive value of minor salivary gland biopsy 
[27, 28].

In this context, the clinical course of patients with 
pSS could be directly associated with the subsets of cells 
that infiltrate the glandular tissue. For instance, B cell 

predominance has been correlated with systemic manifes-
tations and antibody production [1] as well as the linkage 
between the presence of GC-like structures with elevated 
titers of rheumatoid factor, anti-Ro/SSA, anti-La/SSB, and 
IgG in pSS-GC(+) patients [22, 29].

The pSS-GC(−) patients in our study showed more 
extraglandular clinical manifestations (articular damage, 
cytopenia, and parotid swelling). Additionally, an increased 
proportion of CD3+ and CD20+ cells and the highest levels 
of sBAFF were observed, analogous to the findings of previ-
ous studies [14, 20, 22]. Although we hypothesize that an 
increasing BAFF serum levels is related to the development 
of systemic effects and the focal infiltrate formation, BAFF 
has been associated with the focus score but not with the 

Fig. 4  BAFF and BAFF-binding receptors in minor salivary glands. 
a–d BAFF positive staining in minor salivary glands. Total magni-
fication ×50 (Bar indicates approximately 400 µm). e Statistical dif-
ferences in percentage of staining positivity were observed between 
NSCS-Sicca and pSS-GC(+) (6.43% vs 44.72%, p = 0.009); NSCS-
pSS and pSS-GC(+) (10.05% vs 44.72%, p = 0.009). f–i BAFF-R 
positive staining in minor salivary glands. Total magnification ×50 
(Bar indicates approximately 400  µm). j Statistical differences in 
percentage of staining positivity were observed between NSCS-
pSS and pSS-GC(−) (1.04% vs 23.22%, p = 0.009); NSCS-pSS and 
pSS-GC(+) (1.04% vs 23.24%, p = 0.009). k–n TACI positive stain-
ing in minor salivary glands. Total magnification ×50 (Bar indicates 
approximately 400  µm). o Statistical differences in percentage of 

staining positivity were observed between NSCS-Sicca and pSS-
GC(+) (4.37% vs 27.72%, p = 0.009); NSCS-pSS and pSS-GC(+) 
(4.36% vs 27.72%, p = 0.009). p–s BCMA positive staining in minor 
salivary glands. Total magnification ×50 (Bar indicates approxi-
mately 400  µm). t Statistical differences in percentage of stain-
ing positivity were observed between NSCS-Sicca and pSS-GC(+) 
(10.22% vs 24.64%, p = 0.009); NSCS-pSS and pSS-GC(+) (10.82% 
vs 24.64%, p = 0.009); pSS-GC(−) and pSS-GC(+) (14.17% vs 
24.64%, p < 0.001). Statistical analysis was performed using Kruskal–
Wallis test and post hoc Dunn’s multiple comparisons test. pSS pri-
mary Sjögren’s syndrome, NSCS nonspecific chronic sialadenitis, GC 
germinal center
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presence of GC-like structures by some authors [22, 30]. 
Therefore, a higher BAFF concentration within the MSG 
could be the key for major lymphocytic recruitment and 
retention in well-located areas [31, 32].

Previous reports support that in vivo BAFF blockade with 
an anti-BAFF-R antibody drastically reduced the number of 
follicles in MSGs from a murine model of pSS [33], whereas 
BAFF overexpression promotes higher lymphocytic infiltra-
tion [30]. In addition, in some pSS patients who received 
rituximab, focal lymphocytic infiltration persists after bio-
logical treatment [34].

Moreover, BAFF may interact with other cytokines and 
chemokines, such as CXCL12, CXCL13, IL-6, IL-15, IL-
17A, IL-22, and type I and II IFN, through specific signal-
ing pathways, producing an appropriate microenvironment 
that promotes lymphocytic infiltration and an inflammatory 
process in glandular tissue [33, 35–38].

Regarding BAFF-binding receptors, even though non-
significant differences were found, the balance between the 
BAFF-R, TACI, and BCMA distribution could also explain 
some relevant features in the pSS groups.

The main function described for BAFF-R is related to the 
survival and maintenance of B cells [12], as well as media-
tion of BAFF-dependent costimulation in T cells [39]. A 
recent pilot study proved that abatacept affected the forma-
tion of germinal center-like structures in pSS, suggesting 
a relationship between BAFF and activated  TFH cells [40]. 
BAFF could also act by an indirect mechanism through the 
PI3K-Akt signaling pathway [41] and the later differentiation 

of  TFH cells. In addition, it is crucial to analyze the presence 
of BAFF/BAFF-R mutations, the expression of genetic vari-
ants and their heterogeneity in the context of susceptibility 
factors associated with pSS pathogenesis [42–44].

The interaction of the BAFF/BAFF-R system is being 
explored as a promising pharmacological target. For 
instance, treatment with belimumab in pSS patients con-
tributes to normalizing elevated circulating B cell subsets 
and restoring BAFF-R expression, which is downregulated 
in peripheral B cells [45]. Moreover, the use of ianalumab 
(VAY736) has also displayed good results in B cell deple-
tion [46] and a reduction of clinical outcomes, evaluated by 
ESSDAI and ESSPRI, in pSS patients [47].

Concerning TACI, an increase in the  TFH and B cell 
subpopulations, but a reduction in the number of antibody-
secreting cells has been demonstrated in Taci -/- murine 
lupus model [48]. Moreover, TACI deletion confers protec-
tion against clinical manifestations of systemic lupus ery-
thematosus [49], and mutations in the TACI gene have been 
linked to antibody deficiencies [50]. Altogether, these find-
ings may offer a specific therapeutic alternative for patholo-
gies where B cell responses and autoantibody production are 
major components of disease severity.

Some previous studies in murine models have shown 
the regulatory function of BCMA [51] and its fundamental 
role in B cell homeostasis and self-tolerance in systemic 
autoimmunity [52]. The absence of BCMA favors  TFH 
cell expansion, germinal center formation, autoantibody 
production, and IFN-y production by  TFH cells through 

Fig. 5  Correlations of sBAFF, 
autoantibodies and clinical 
activity in pSS patients. a 
Correlation between disease 
duration and sBAFF lev-
els (r = 0.439, p = 0.031). b 
Correlation between sBAFF 
levels and anti-La/SSB levels 
(r = 0.420, p = 0.037). c 
Correlation between disease 
duration and anti-Ro/SSA levels 
(r = 0.409, p = 0.042). d Corre-
lation between disease duration 
and SSDAI score (r = 0.491, 
p = 0.013). Statistical analysis 
was performed using Spear-
man’s correlation coefficient. 
Anti-Ro/SSA anti-Sjögren’s 
syndrome-related antigen A, 
Anti-La/SSB anti-Sjögren’s 
syndrome-related antigen B, 
SSDAI Sjögren’s syndrome 
disease activity index, RF rheu-
matoid factor
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BAFF-R in a lupus model; therefore, BCMA and BAFF-R 
balance could be essential to maintain tolerance [53]. The 
homeostatic function of BCMA could also be altered in 
autoimmune diseases, as seen in Behcet’s disease [54] and 
peripheric B cell subsets from patients with systemic lupus 
erythematosus, in whom decreased BCMA expression has 
been found to be associated with disease activity [11].

Our experimental design has some limitations that 
allow us only to describe the relationship between the 
clinical outcomes, the infiltrating degrees in MSGs and 
the expression of local and systemic BAFF and BAFF-
binding receptors. Additionally, it is important to take into 
consideration that some of the observed effects could also 
be attributed to APRIL, as supported by the positive corre-
lations found between sBAFF and sAPRIL in pSS patients 
[22] and the implication of APRIL in rheumatoid arthritis 
[55] and systemic lupus erythematosus [56]. However, 
a recent analysis in MSGs from pSS showed that local 
expression of APRIL is decreased and that the glandular 
tissues may not depend on APRIL for their survival [57, 
58], which could also be linked to the low levels of BCMA 
compared to TACI or BAFF-R observed in our study.

The correlation between sBAFF levels and disease 
duration strongly suggests that the progression of pSS pro-
motes a more extensive BAFF production by local infiltrat-
ing cells and glandular epithelia. Consequently, this may 
be a risk factor for disease activity and some clinical mani-
festations [59], as well as the development of secondary 
Sjögren’s syndrome in other autoimmune diseases, such 
as systemic lupus erythematosus [60].

In summary, pSS displayed a wide variety of clinical 
conditions where elevated BAFF levels are associated with 
focal lymphocytic sialadenitis, disease duration and anti-
La/SSB antibody titers in our studied group. Moreover, 
BAFF and BAFF-binding receptors expression in glandu-
lar tissue differs from distinct features between the GC(−) 
and GC(+) groups.

The balance between BAFF-binding receptors expres-
sion and the interactions of BAFF with other cytokines in 
the local microenvironment could be the key mechanism 
for the establishment of GC-like structures, while disease 
progression occurs. In conclusion, this study supports 
previous evidence that considers the active BAFF system 
role in the pathogenesis of pSS and the need for strong 
biomarkers in this disease.
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