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Abstract
Objective

Primary Sjögren’s syndrome (pSS) is an autoimmune disorder characterised by type I interferons (IFNs) signature, 
and plasmacytoid dendritic cell (pDC) is the primary producer of type I IFNs. However, the role of pDCs in the 
pathogenesis of pSS remains unclear. Our study aims to explore the dysregulation of pDCs in pSS, as well as the 

underlying mechanisms.

Methods
In the present study, we included a total of 104 patients with pSS (64 were untreated and 40 were treated with 

hydroxychloroquine) and 64 healthy controls. We examined the frequency, activation markers, cytokines secretion, 
and infiltration into affected tissue of pDCs derived from pSS. Clinical correlation analyses and co-culture systems 

of pDCs and B cells were conducted to explore the pathogenesis of pDC reduction in pSS.

Results
The frequency of pDC was significantly reduced in the peripheral blood of pSS. pDCs derived from pSS exhibited 

higher expression levels of Toll-like receptor 7 in the resting state. The IFN-α production by pDCs from pSS patients 
is similar to that of matched HC in vitro, regardless of whether the patients’ IFN signature is negative or positive. 
Local invasion of pDCs into affected glands was detected but not common in pSS. In pSS patients, the proportion 

of circulating pDCs negatively correlated with serum IgG, IgA, and anti-SSA autoantibodies. pDCs promote 
proliferation, activation, differentiation, and antibody production of B cells. Conversely, excessive IgG promoted 

pDC apoptosis via neonatal Fc receptor (FcRn) and caused the decline of pDCs in pSS.

Conclusion
Our data enhances the understanding of pDC functionality in pSS and the mechanisms of their abnormal reduction 
in peripheral blood. We first report that excess IgG induced pDC apoptosis via FcRn and promoted the reduction of 

peripheral pDCs in patients with pSS.
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Introduction
Primary Sjögren’s syndrome (pSS) is a 
typical autoimmune disorder character-
ised by focal lymphocytic infiltrations, 
damage, and dysfunction in salivary 
and lacrimal glands (1). Lung, kidney 
and nervous system involvement could 
also occur in severe cases (2). pSS is 
acknowledged as a multifactorial dis-
ease which can be triggered by environ-
mental, infectious, hormonal, and ge-
netic factors (3). The activation of Type 
I interferon (IFN) as a key factor in the 
development of pSS is widely validated 
(3). Type I IFN signatures in peripheral 
blood mononuclear cells (PBMCs), B 
cells, monocytes, neutrophils, as well 
as the affected tissues were identi-
fied (4-9). Moreover, IFNα inducible 
proteins: MDA-5, IFIT-3 (10), and B 
cell-activating factor (BAFF) (11) were 
found to be highly expressed in salivary 
glands. Type I IFNs could enhance T 
cell and B cell responses and promote 
the production of autoantibodies (10, 
12), implicating their essential roles in 
the pathogenesis of pSS.
Acting as a primary producer of type I 
IFNs and serving as a crucial link be-
tween innate and adaptive immunity, 
pDCs make non-negligible contribu-
tions to the development of autoim-
mune disease (13, 14). In patients with 
systemic lupus erythematosus (SLE), 
pDCs can be activated through various 
pathways such as immune complexes, 
neutrophil extracellular traps, and mito-
chondrial DNA(15-17). Activated pDCs 
subsequently trigger immune responses 
and promote the production of autoanti-
bodies (18). Studies in systemic sclero-
sis (SSc) (19), Psoriasis (20), and auto-
immune diabetes (21) have shown that 
infiltrating pDCs can exacerbate local 
inflammation in target tissue by releas-
ing IFN-α and proinflammatory factors.
Currently, studies on the role of pDCs 
in pSS are limited. Here, we conducted 
this study into the quantity, phenotype, 
and functions of pDCs to gain a deep-
er understanding of their roles in the 
pathogenesis and the associated type I 
IFN signatures in pSS. Through these 
investigations, we aim to uncover the 
dysregulation of pDCs in the pathologi-
cal processes of pSS and provide new 
insights for treating this disease. 

Methods 
Patients and methods
All newly-onset pSS and SLE patients 
were enrolled in Peking Union Medical 
College Hospital (PUMCH). They met 
the 2016 ACR-EULAR classification 
(22) and the 1997 classification criteria 
of the American College of Rheumatol-
ogy (23), respectively. Labial tissues 
were obtained from patients who un-
derwent labial gland biopsy at the De-
partment of Stomatology in PUMCH. 
All patients signed informed consent 
for their residual tissues after the patho-
logical examination. The study was ap-
proved by the Ethics Committee of the 
Peking Union Medical College Hospi-
tal (no.: K2525) and was conducted in 
accordance with the Helsinki Declara-
tion. Informed consent of all the pa-
tients was obtained.

PBMC isolation 
and in vitro stimulation
Human PBMCs were isolated with 
Ficoll-Paque density (DAKEWE, Chi-
na) as previously described (7). For 
the plasma stimulation, PBMCs from 
healthy controls (HCs) were seeded into 
24-well plates at a density of 1×106/ml 
and maintained in RPMI 1640 (Gibco, 
A10491, USA) with 20% mixed plasma 
from ten pSS or HCs in the presence of 
100 ng/ml IL-3 for 4 hours.
For IgG stimulation, freshly isolated 
PBMCs from HCs were first incubated 
with 100 ng/ml IL-3 for 2 hours, then 
stimulated with 0.5-2 g/L IgG (SP001, 
Solarbio). IL-3 is used to assist the sur-
vival of pDCs in vitro (24, 25).

In vitro purification 
and stimulation of pDC
pDCs were purified using CD304 mi-
crobeads (130-090-532, Miltenyi Bio-
tec) and maintained in RPMI 1640 
supplemented with 10% foetal bovine 
serum (FBS) (Gibco, USA), 100 U/ml 
penicillin and 100 μg/ml streptomycin 
(15140122, ThermoFisher). For cy-
tokines detection, PBMCs were stim-
ulated with 5 μg/ml R848 (tlrl-r848, 
InvivoGen) or 10 μg/ml ODN-2216 
(tlrl-2216, InvivoGen) in the presence 
of 100 ng/ml IL-3 (Peprotech, 200-03). 
Freshly isolated PBMCs from pSS or 
HC were cultured in the presence of 
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IL-3, R848 or ODN-2216 was added 
at the 6th hour, and GolgiPlug was 
added at the 9th hour for IFN-α de-
tection. Freshly isolated PBMCs from 
pSS or HC were cultured in the pres-
ence of IL-3 and GolgiPlug, stimulated 
by R848 or ODN2216 for 12 hours for 
IL-6 and TNF-α detection. Secretion 
of cytokines by pDCs was examined 
through intracellular staining at the 
12th hour. R848 is a ligand for Toll-like 
receptor 7/8 (TLR7/8) and ODN-2216 
is a ligand for TLR9.

IFN signature
12 key genes (IFITM1, IRF7, IFI27, 
IFI44L, IFIT1, IFIT2, MX1, IRF6, 
IRF1, IFI44, LY6E, IFIT3) of the type 
I interferon pathway to be included in 
our IFN signature model (6, 26) (Sup-
plementary Table S1). Polymerase 
chain reaction (PCR) was performed to 
assess the relative expression levels of 
every gene and the IFN scores for each 
patient and compared these with HCs, 
categorising the pSS patients into two 
groups: one group was IFN-positive, 
and the other was IFN-negative. In our 
model, we first calculated the relative 
expression levels of the 12 genes in 
PBMC for each individual, ultimately 
using an IFN score >23.7 as the cut-off 
value. This cut-off value showed that 
56.1% of the pSS group had a type I 
IFN signature and only 5.2% of the HC 
group. The proportion of IFN-positive 
patients among pSS patients and HC in 
our model is very close to that reported 
in the literature reference (6), indicating 
the validity of our model.

pDC and B cell coculture
B cells were purified using B cell iso-
lation kit II (130-091-151, Miltenyi 
Biotec) following the manufacturer’s 
protocol. B cells were activated with 5 
μg/mL anti-IgM (314502, BioLegend), 
500 ng/mL sCD40L (310-02, Pepro-
tech), 100 ng/ml IL-4 (200-04, Pep-
rotech), and 50 ng/ml IL-21 (200-21, 
Peprotech). For the experiments on the 
promotion of B cell differentiation by 
pDCs, purified CD19+ B cells (5×105/
ml) and pDC from allogeneic HCs were 
added at the ratio of 10:1 in a round-
bottom 96-well cell culture plate. On 
day 7, the cell culture supernatant was 

collected, and B cell subpopulations 
were simultaneously detected by flow 
cytometry. 
For the induction of pDC apoptosis by 
supernatant from B cell culture, B cells 
from patients with pSS and HCs matched 
for age and gender were cultured sepa-
rately using the aforementioned protocol 
for 5 days in a 96-well plate. The B cell 
density was adjusted to 1×10^5 cells in 
200 μl of 1640 RPMI per well. On day 
5, pDCs from another HC were puri-
fied using CD304 magnetic beads, and 
1.5×10^4 pDCs were added to each well 
of the B cell culture plate. After a 4-hour 
incubation, the viability of pDCs was as-
sessed by flow cytometry.

Flow cytometry
Cells were harvested and resuspended 
at the concentration of 5×106 cells/ml. 
Fluorochrome-conjugated monoclo-
nal antibodies for cell surface staining 
were as follows: anti-human CD303-
APC, CD303-PE/Cyanine7, CD123-
PerCP/Cyanine5.5, CD123-FITC, 
Lineage-FITC, HLA-DR-APC/Cya-
nine7, CD80-PE, CD83-FITC, CD86-
PE, CD19-APC/Cyanine7, CD74-APC, 
CD27-PerCP/Cyanine5.5, IgD- PE/Cy-
anine7, CCR2- APC/Cyanine7, CCR4-

PE, CCR5-PE, CCR7-PE, CCR10-PE, 
CD38-APC, CD138-PE, CD24-FITC.
The Intracellular Fixation & Permeabili-
zation Buffer Set (eBioscience) was used 
for intracellular staining following the 
manufacturer’s protocol. Fluorochrome-
conjugated monoclonal antibodies for 
intracellular staining are as follows: 
anti-human Ki-67-PE/Cyanine7, TLR7-
PE, TLR8-APC, TLR9-PE, IFNα-PE, 
TNF-α-PE, IL-6- PE/Cyanine7. 

Apoptosis assay
Cell apoptosis was detected by PE An-
nexin V Apoptosis Detection Kit I 
(559763, BD Pharmingen). Briefly, cells 
were washed with 1ml 1×Annexin V 
binding buffer after regular surface stain-
ing, then incubated with PE-conjugated 
Annexin V and 7-AAD for 15 minutes at 
room temperature, all the samples were 
analysed by BD Accuri C6 flow cyto-
meter (Becton Dickinson, USA).

FcRn blocking
For the plasma stimulation, PBMCs from 
HCs were seeded into 12-well plates at 
a density of 1×106/ml and maintained 
in RPMI 1640 (Gibco, A10491, USA), 
100 U/ml penicillin, 100 μg/ml strepto-
mycin (15140122, ThermoFisher), 100 

Table I. Summary of clinical feature of patients with pSS and matched healthy controls in 
this study.

Clinical features	 Untreated pSS 	 pSS patients treated 	 Healthy
	 patients	 with HCQ	 controls
	 (n=64)	 (n=40)	 (n=64)

Female, n (%)	 61 	(95.3%)	 40 	(100.0%)	 61 	(95.3%)
Age 	 47.6 ± 12.37	 44.0 ± 11.32	 46.42 ± 11.45
Disease duration, years 
  (median [IQR])	 2 	(0.73-5.0)	 3	 (0.9-9.0)	 -
Fever (n, %)	 2 	(3.0%)	 1	 (2.5%)	 0
Joint pain (n, %)	 17 	(26.6%)	 10 	(25.0%)	 0
Ocular symptoms (n, %)	 30 	(46.9%)	 29 	(72.5%)	 0
Oral symptoms (n, %)	 44 	(68.8%)	 33 	(82.5%)	 0
Serological examinations (median, IQR)	
  IgG (g/L)	 17.78 	(14.80-22.19)	 17.69 	(14.40-20.72)	 N/A
  IgA (g/L)	 3.06 	(2.41-3.95)	 3.10 	(2.41-3.99)	 N/A
  IgM (g/L)	 1.06	 (0.81-1.51)	 0.99 	(0.79-1.50)	 N/A
  RF (IU/ml)	 65.0 	(20.0-153.0)	 80.00 	(38.0-150.0)	 N/A
  ESR (mm/h)	 15.5 	(8.25-36.75)	 16.0 	(9.0-26.0)	 N/A
  CRP (mg/L)	 0.78 	(0.46-1.28)	 0.58 	(0.32-1.15)	 N/A
  Anti-SSA positive (n, %)	 50 	(78.1%)	 21 	(52.5%)	 0
  Anti-SSB positive (n, %)	 24 	(37.5%)	 11 	(27.5%)	 0
  Anti-Ro52 positive (n, %)	 39 	(46.9%)	 19 	(47.5%)	 0
  ESSDAI	 4.5	 (2.0-9.0)	 3.0 	(2.0-5.0)	 -

Normally distributed data are presented as mean ± SD, whereas non-normally distributed data are 
presented as median (IQR).
RF: rheumatoid factor; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; ESSDAI:      
EULAR Sjögren’s syndrome disease activity index; N/A: not applicable.
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ng/ml IL-3 and Batoclimab (MedChem-
Express, HY-P99009) for 2 hours. Plas-
ma from ten pSS patients was added at 
2nd hour (The final concentration in the 
culture medium is 20%), pDC apoptosis 
was detected at 4th hour according to the 
methods mentioned above.
For IgG stimulation, PBMCs from HCs 
were seeded into 12-well plates at a 
density of 1×106/ml and maintained in 
RPMI 1640 supplemented with 10% 
foetal bovine serum (FBS) (Gibco, 
USA), 100 U/ml penicillin, 100 μg/ml 

streptomycin (15140122, ThermoFish-
er), 100 ng/ml IL-3 and Batoclimab 
(MedChemExpress, HY-P99009) for 
2 hours. IgG (SP001, Solarbio) were 
added with indicated concentrations at 
2nd hour, pDC apoptosis was detected at 
4th hour according to the methods men-
tioned above.

Immunofluorescence
Freshly obtained labial tissue was em-
bedded in O.C.T. (Tissue-Tek) com-
pound and rapidly frozen in liquid ni-

trogen and then preserved at -80°C, 
8μm frozen sections were prepared 
for further analysis. Sections were im-
mersed in 95% ethanol for 15 min, 
blocked in normal goat serum for 3h at 
room temperature, followed by incubat-
ing with 25 μg/ml mouse anti-human 
BDCA-2 (CD303) monoclonal antibody 
(MAB62991, R&D), 1:50 diluted mouse 
anti-human IFN-α monoclonal antibody 
(sc-373757, Santa Cruz Biotechnology, 
Inc.) or 1:500 diluted rabbit anti-human 
EpCAM monoclonal antibody (also 

Fig. 1. Frequency and phenotype analyses of peripheral pDCs in pSS patients. 
A: The percentage of peripheral pDCs in untreated patients with pSS or SLE, pSS patients treated with HCQ and matched HC (HC: n=29; untreated pSS: 
n=31; pSS treated with HCQ: n=17; untreated SLE: n=9). B: Comparison of activation markers (Mean Fluorescence Intensity, MFI) on the surface of pDCs 
between pSS (n=12) and HCs (n=12). Comparison of TLR7 (n=8), TLR8 (n=8), and TLR9 (n=6) expression levels between pDCs from pSS and HC without 
stimulation (C-E) and activated by TLR7/8 agonist (F, G) or TLR9 agonist (H) for 6 hours with 100ng/ml IL-3. 
Data follow normal distributions and are shown as mean ± SEM, one-way ANOVA was performed for comparisons between multiple groups, and unpaired 
two-tailed Student’s t-test was applied for comparisons between two groups. Data were obtained from independent experiments, ns. means no significance.
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Fig. 2. Inflammatory cytokine secretion by pDCs and comparison of pDC status based on IFN signature.
Representative flow cytometry images and statistical graphs of IFN-α (A, B), IL-6 (C, D) and TNF-α (E, F) secretion by pDCs; Unstimulated and R848-
stimulated states: HC (n=15) and pSS (n=15); ODN-2216-stimulated state: HC (n=7) and pSS (n=7). G, H: Comparison of IFN score between HC and pSS, 
as well as pSS subgroups (IFN positive or IFN negative). I: Comparison of peripheral pDCs percentage among HC and pSS subgroups (HC, n=19; pSS, 
n=41). Comparison of IFN-α (J), TNF-α (K) and IL-6 (L) secretion by pDCs between  HC and pSS subgroups (HC, n=8; pSS, n=8). 
Data did not follow normal distributions, the Mann-Whitney test was used for comparisons between two groups and the Kruskal-Wallis test was used for 
comparisons among multiple groups. Data were obtained from independent experiments, ns. means no significance.
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known as CD326, ab223582, Abcam) at 
4°C overnight. CoraLite594-conjugated 
goat anti-mouse secondary antibody 
(proteintech, China) or CoraLite488-
conjugated goat anti-rabbit second-
ary antibody (proteintech, China) was 
incubated at a dilution of 1:500 for 1h 
at room temperature. Additionally, the 
slides were mounted by an antifading 
mounting medium with DAPI (S2110, 
Solarbio) and scanned by Pannoram-
ic MIDI (3DHISTECH, Hungary).

ELISA
The levels of IgG, IgM, and IgA in cul-
ture supernatants were measured with 
Human IgG/IgM/IgA Precoated ELI-
SA Kit (1128162, 1128182, 1128172 
DAKEWE, China) respectively. The 
level of IFN-α in plasma from pSS pa-
tients and matched HCs was determined 
by Human IFN-α Precoated ELISA Kit 
(1110012, DAKEWE, China) follow-
ing the manufacturer’s instructions.

Statistical analysis
All the data were analysed using IBM 
SPSS statistics (v. 25.0, IBM, Ar-
monk, NY, USA) and GraphPad Prism 
8 (GraphPad Software, Inc., La Jolla, 
CA, USA) software. We first conducted 
a normality test on the continuous vari-
ables (When n≥50, the Kolmogorov-
Smirnov test is used; when n<50, the 
Shapiro-Wilk test is used). For data that 
followed normal distributions, compari-
sons among multiple groups were per-
formed using one-way ANOVA (with 
Bonferroni-adjusted p-values), and 
comparisons between two groups were 
conducted using the t-test. For data that 
did not follow a normal distribution, 
comparisons among multiple groups 
were made using the Kruskal-Wallis 
test (with Dunn’s multiple adjusted p-
values), while comparisons between 
two groups were performed using the 
Mann-Whitney test. Spearman correla-
tion was applied for correlation analy-
sis. Statistical significance was defined 
as a two-sided p-value <0.05. 

Results
The frequency and phenotype 
analyses of peripheral pDCs 
in patients with pSS
We first analysed the frequency of pDCs 

in PBMCs from treatment-naïve pSS 
(n=31), hydroxychloroquine (HCQ)-
treated pSS (n=17), SLE (n=9), and 
HCs (n=29) by flow cytometry. The de-
mographic characteristics of all the pSS 
patients and HCs were demonstrated in 
Table I. The gating strategy of pDCs 
is shown in Supplementary Fig. S1A. 
Consistent with previous studies (27, 
28), the percentage of pDCs was signifi-
cantly lower in PBMCs from treatment-
naïve SLE or pSS patients compared to 
HCs (Suppl. Table S2). Interestingly, 
the reduction of pDCs rebounded in 
pSS patients after HCQ therapy (Fig 
1A). However, we did not observe hy-
peractivated surface markers of pDCs 
in treatment-naive pSS, as evidenced by 
the comparable expression levels of the 
activation markers CD80, CD83, and 
CD86 to those in HCs (Fig 1B).
Detection of TLR7/8/9 expressions 
showed that unstimulated pDCs (fresh-
ly isolated) from pSS patients exhibited 
higher TLR7 expressions compared 
with HCs (Fig 1C), while the expres-
sions of TLR8 and TLR9 were similar 
to HC (Fig 1D-E). However, the differ-
ence in TLR7 expression vanished after 
TLR7/8 ligand (R848) stimulation (Fig 
1F), indicating a unique activation pat-
tern in patients with pSS. The expres-
sions of TLR8 and TLR9 in pDCs were 
comparable between pSS and HC after 
specific ligand stimulation (Fig 1G-H). 

Inflammatory cytokine secretion 
by pDCs and comparison of 
pDC status based on IFN signature
Given the abnormal reduction of pe-
ripheral pDC in pSS, we next investi-
gated the function of pDCs. To deter-
mine whether pDCs from pSS patients 
display the enhanced capacity of IFN-
a secretion, we stimulated freshly iso-
lated PBMCs with TLR7/TLR8 ligand 
(R848) or TLR9 ligand (ODN-2216) 
and determined representative cy-
tokines production by flow cytometry. 
Under similar stimulating conditions, 
there was no difference in the IFN-α 
secretion of pDCs between HC and 
pSS patients (Fig. 2A-B). The same 
pattern was observed in the IL-6 and 
TNF-a production (Fig. 2C-F).
Considering the interference of disease 
heterogeneity in pSS, we then classified 

pSS patients into two groups according 
to their IFN signature (6, 26, 29). The 
IFN score in pSS is significantly higher 
than that in HC (Fig. 2G-H, Suppl. Fig. 
S2A-L). Further subgroup analysis of 
pSS patients yields an IFN-negative 
group with IFN scores similar to that of 
HC, and an IFN-positive group with IFN 
scores significantly higher than that of 
HC (Fig. 2G-H). Interestingly, independ-
ent of the IFN signature, pSS patients ex-
hibit a significant decrease in peripheral 
pDCs compared to HC, while the pDC 
quantity does not differ between pSS 
subgroups (Fig. 2I). Furthermore, the 
levels of IFN-α, TNF-α, and IL-6 secret-
ed by pDCs after stimulation showed no 
significant differences among the three 
groups: HC, pSS (IFN-negative), and 
pSS (IFN-positive) (Fig. 2J-L).

Evaluation of pDC-infiltration 
into affected tissues in patients 
with pSS
Although pDCs derived from pSS pa-
tients did not secrete more IFN-α un-
der the same culture conditions in vitro, 
the involvement of exocrine glands is a 
characteristic of pSS. If pDCs infiltrate 
the affected tissues in large numbers, 
they may cause excessive local type I 
IFN signalling, which could indirectly 
lead to a decrease in peripheral pDC. 
We subsequently examined the infiltra-
tion of pDCs in labial glands using im-
munofluorescence to investigate their 
impact on the tissue type I IFN signature 
in patients with pSS. We detected the la-
bial glands of nine pSS patients whose 
labial gland biopsy indicated typical 
focal lymphocytic infiltration. Among 
these cases, only two displayed a small 
amount of pDC infiltration, while the 
remaining seven cases showed no evi-
dence of pDC infiltration (Fig. 3A). 
Recent studies highlighted the role of 
salivary epithelial cells in producing 
type I IFNs (30-32), consistently, our 
immunofluorescent results indicated 
that epithelial cells are responsible for 
the production of tissular IFN-α in pa-
tients with or without pDC infiltration 
(Fig. 3B). Additionally, we assessed the 
expression of key chemokine receptors, 
including CCR2, CCR4, CCR5, CCR7, 
and CCR10, on the surface of pDCs 
and found no significant differences be-
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Fig 3. Infiltrations of pDCs in the labial gland and the clinical correlation analyses. 
A: Immunofluorescent results of 9 pSS patients who had labial pathological reports with typical focal lymphocytic infiltrations. B: Immunofluorescent colo-
calisation of epithelial cells (CD326) and IFN-α in salivary glands of pSS patients (n=2). C: Comparison of surface chemotactic receptors (MFI) in pDCs 
between pSS and HCs, CCR2 (HC: n=11; pSS: n=11), CCR4 (HC: n=11; pSS: n=10), CCR5 (HC: n=12; pSS: n=12), CCR7 (HC: n=10; pSS: n=12), CCR10 
(HC: n=14; pSS: n=12). D: Spearman correlation analysis of pDC percentage in PBMC and serum IgG (n=30), IgA (n=29), anti-SSA IgG (n=23). 
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tween patients with pSS and HCs (Fig. 
3C, Suppl. Fig. S3A). Together, these 
data suggest that the significant reduc-
tion of pDCs in peripheral blood cannot 
be explained by excessive inflammatory 
activation or extensive infiltration into 
affected tissues.

pDCs correlated with the 
clinical phenotype of pSS and 
promoted B cell antibody production 
We then conducted correlation analyses 
between the percentage of peripheral 
pDCs and clinical parameters in pSS 
patients to explore the relationship be-

tween pDCs and clinical phenotype, as 
well as motivating factors for the de-
crease of peripheral pDC. The results 
demonstrated that the percentage of 
pDCs was negatively correlated with 
serum IgG, IgA, and anti-SSA autoanti-
body levels (Fig. 3D, Suppl. Fig. S3B-J). 

Fig 4. Co-culture of unstimulated pDCs and B cells. Purified CD19+ B cells from allogeneic healthy donors cultured alone or with pDCs (without extra 
activation) from pSS and HC in the presence of 100ng/ml IL-3 for 7 days, the ratio of pDC to B cell was 1:10. 
A: Representative flow cytometric graph of ki-67 in B cells cultured alone or cultured with pDCs. B: The effect of pDCs on B cell proliferation (n=12) and the 
effect comparison between HC (n=6) and pSS (n=6) derived pDC on B cells. C: Expression of activation markers on B cells cultured alone or cultured with 
pDCs (HC: n=6, pSS: n=6). D: Representative flow cytometric graph depicting the proportion of plasma cells/plasmablasts within the B cell population. E: 
The impact of pDCs on the proportion of plasma cells/plasmablasts within the B cell population and the effects comparison between HC (n=6) and pSS (n=6) 
derived pDCs. F: Secretion of IgG, IgA and IgM by B cells cultured alone or cultured with pDCs (n=12). Data follow normal distributions and are shown as 
mean ± SEM. Paired and unpaired two-tailed Student’s t-test was performed. Data were obtained from independent experiments.
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Fig. 5. IgG-induced pDC apoptosis via FcRn is a key factor in reduced peripheral pDCs in pSS patients. 
A: Representative flow cytometric graph and summary graphs of pDCs viability. Statistical graph of pDC apoptosis detection, stimulated by HC or pSS-
derived plasma (n=5) (B), as well as by B cell culture supernatant (n=5) (C). Representative flow cytometric graph (D) and Statistical graph (E) of apoptosis 
detection, pDCs were stimulated by increasing concentration of IgG for 2 hours with 100ng/ml IL-3 (n=4). Representative flow cytometric graph (F) and 
Statistical graph (G) of apoptosis detection, pDCs were stimulated by pSS plasma with or without Batoclimab (n=7). Representative flow cytometric graph 
(H) and Statistical graph (I) of apoptosis detection, pDCs were stimulated by IgG with or without Batoclimab (n=10). Data followed normal distributions, 
the Paired two-tailed Student’s t-test was performed for comparisons between two groups, and One-way ANOVA was performed for comparisons among 
multiple groups. Data were obtained from independent experiments. 
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Therefore, we established the pDC and 
B cells co-culture system to explore the 
potential role of pDC in promoting B 
cell responses and antibody production 
in patients with pSS.
When co-cultured with resting or 
TLR7-activated pDCs, the prolifera-
tion and activation of B cells were sig-
nificantly elevated, and the proportion 
of plasmablast/plasma cells in B cells 
was also significantly increased (Fig. 
4A-E, Suppl. Fig. S4A-E). Consist-
ently, we explored the effects of pDCs 
on antibody production and found that 
even resting pDCs could effectively 
promote IgG and IgA production by B 
cells (Fig. 4F). Furthermore, no differ-
ence was found in the effects of HC or 
pSS-derived pDCs on naive or memory 
B cells (Fig. S5A-D). However, there 
was no difference in the effects of HC 
or pSS-derived pDCs on B cells. 

The promotion of pDC apoptosis 
by IgG via FcRn is a critical reason 
for the reduction of peripheral 
pDCs in pSS patients
Finally, we sought to explore the po-
tential mechanism of reduced pDC 
percentage in the peripheral blood of 
pSS patients. Incubation of plasma 
from pSS patients could significantly 
reduce pDCs viability than that from 
HCs (Fig. 5A, B). The survival rate of 
pDCs stimulated by plasma from pSS 
patients receiving HCQ treatment is 
higher than that of plasma from treat-
ment-naive pSS patients (Suppl. Fig. 
S6A, B). Consistently, we found that 
compared to the B-cell culture super-
natant from HC, B-cell culture su-
pernatant from patients with pSS sig-
nificantly promotes apoptosis in pDCs 
(Fig. 5A-C). Considering the observed 
promotion of pDC apoptosis by plasma 
or B-cell culture supernatant of pSS, 
along with the negative correlation be-
tween pDC percentage and plasma IgG 
(Fig. 3D), we infer that plasma-derived 
IgG produced by overactivated B cells 
in pSS may serve as the key inducers 
of pDC apoptosis. As we expected, 
IgG dramatically increased the apop-
totic rates of pDCs in a dose-dependent 
manner (Fig. 5D-E), and we found that 
IgA can also promote the apoptosis of 
pDCs (Suppl. Fig. S7). The viability of 

freshly isolated pDCs showed no sig-
nificance between pSS and HCs (Fig. 
S8A), thereby excluding apoptosis 
caused by defects of pDCs in patients 
with pSS. Although pSS had higher se-
rum IFN-α levels (Fig. S8B), they had 
no significant effects on the apoptosis 
of pDC (Fig. S8C-G).
We further explored the pathway 
through which IgG mediate pDC apop-
tosis. Since Fc receptors are important 
receptors for IgG, and IgG can bind to 
Fc receptors through Fc regions (33), 
we attempted to block the Fc receptors 
and then stimulated pDCs with pSS 
plasma and IgG separately to assess 
pDC survival. The results showed that 
blocking Fc receptors could not rescue 
pDCs from apoptosis induced by pSS 
plasma and IgG (Suppl. Fig. S9A-D). 
In addition to Fc receptors, FcRn can 
also bind IgG, and its important role 
in autoimmune diseases has gradually 
gained attention in recent years (34, 
35). Our results showed that blocking 
FcRn by Batoclimab can rescue pDCs 
from apoptosis induced by pSS plasma 
(Fig. 5F-G) and IgG (Fig. 5H-I). This 
suggests that the promotion of pDC ap-
optosis by IgG via FcRn is the impor-
tant reason for the reduction of pDCs 
in the peripheral blood of pSS patients.
These results indicate that excessive 
IgG in the serum produced by over-
activated B cells of pSS patients con-

tributes to the reduction of pDCs in the 
peripheral blood via FcRn (Fig. 6).

Discussion
The critical role of type I IFN signalling 
in the pathogenesis of pSS has been 
widely addressed (3). Although acting 
as the primary producer of IFN-a, the 
role of pDCs in the pathogenesis of pSS 
remains inclusive. In the present study, 
we started from the abnormal reduction 
of pDCs in pSS patients and explored 
the functions of pDCs, ultimately pro-
posing the mechanisms behind the de-
crease of peripheral pDCs in pSS. In 
particular, we first report that excess 
IgG induced pDC apoptosis via FcRn 
and promoted the reduction of periph-
eral pDCs in patients with pSS.
Consistent with previous studies, we 
have detected a peripheral reduction of 
pDCs in pSS (27, 28). Besides, earlier 
research has reported that the quantity 
of pDCs correlates with anti-Ro/SSA 
and anti-La/SSB antibodies, but not 
with serum IFN-α levels, CRP, ESR, or 
other clinical parameters (27). We first 
proposed a negative feedback loop, in 
which, pDCs promote antibody produc-
tion by B cells, and in turn, excessive 
immunoglobulin induces pDC apop-
tosis in pSS. Hyperactivated B cells, 
characteristic autoantibodies (SSA, 
SSB), and hypergammaglobulinaemia 
are hallmarks of pSS (36). Additionally, 

Fig. 6. The interplay between pDCs and B cells in pSS patients.
pDCs promote the proliferation, activation, and differentiation into plasmablast/plasma cells of B cells. 
Conversely, hyperactive B cells in pSS induce the apoptosis of pDC through excess IgG via FcRn.
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we gave a good explanation that excess 
IgG produced by hyperactivated B cells 
should be responsible for the apoptosis 
and reduction of pSS pDCs in peripher-
al blood via FcRn. FcRn is named for its 
earliest discovery of being able to trans-
port IgG from the maternal circulation 
to the foetal capillaries in the placental 
villi (37). Subsequent studies gradually 
revealed the widely expression of FcRn 
in immune cells, with high expression 
levels in dendritic cells (DCs), and 
plays an important role in maintaining 
the stability of circulating IgG levels 
(35). FcRn binds to IgG and prevents 
their degradation by lysosomes, thereby 
extending the half-life of IgG and in-
creasing its concentration and function-
ality in the body (35). FcRn can trans-
port the bound IgG from within the cell 
to the cell surface, thus allowing IgG to 
enter the extracellular space again and 
exert its immunoregulatory effects (38, 
39). FcRn blockade (batoclimab, efgar-
tigimod, nipocalimab, etc.) can reduce 
circulating total IgG levels in HCs (35). 
In several diseases mediated by autoan-
tibodies (immune thrombocytopenic 
purpura, myasthenia gravis and pem-
phigus), clinical trials of FcRn blockers 
have shown certain efficacy in reducing 
the levels of circulating pathogenic an-
tibodies and decreasing disease activity 
(34). Our findings suggest the role of 
IgG and FcRn in mediating the abnor-
mal reduction of pDCs in pSS, provid-
ing clues for future research targeting 
FcRn in pSS. In addition, the specific 
mechanisms through which IgA medi-
ates the apoptosis of pDCs remain to 
be determined. Our findings, however, 
demonstrate that Batoclimab treatment 
significantly reduced pSS plasma-in-
duced pDC apoptosis, and the increase 
of plasma IgG level is more common 
among pSS patients. These results sup-
port that pDC apoptosis mediated by 
IgG through FcRn receptor may be the 
key factor contributing to the reduc-
tion of pDC. Given the low abundance 
of pDCs in peripheral blood and their 
further decrease in patients with pSS 
(only 1-4×10^4 pDCs can be isolated 
from 10ml of whole blood), it is hard to 
conduct in-depth molecular studies on 
pDCs derived from pSS, looking for-
ward to future technical advancements 

to help elucidate the further mechanism.
Moreover, we also found that in pSS 
patients receiving HCQ treatment, the 
frequency of peripheral pDCs was sig-
nificantly higher than that of untreated 
pSS patients. The survival rate of pDCs 
incubated in the plasma of pSS patients 
treated with HCQ was also notably 
higher than that of untreated pSS pa-
tients. HCQ can directly alter the pH of 
endosomes, thereby inhibiting the acti-
vation of TLR7 and TLR9 by ligands 
(40). It can also bind directly to nucleic 
acids, blocking the interaction between 
Toll-like receptors and their ligands at 
the cellular level, which inhibits TLR9 
signalling and directly suppresses pDC 
activation (41, 42). Additionally, HCQ 
effectively inhibits B cell activation 
(43), with studies reporting significant 
reductions in serum IgG(44) levels in 
pSS patients after treatment. This sug-
gests that the decrease in serum IgG 
levels and the increase in pDC survival 
rates following HCQ treatment may 
also contribute to the recovery of the 
percentage of pDCs in the peripheral 
blood of pSS patients, but further ex-
perimental validation is needed.
Nonetheless, pDC is noted for its unique 
ability to produce type I IFNs, our data 
suggest that it might not be the only 
source of hyperactive type I IFN signal-
ling in pSS. Recent studies in pSS have 
emphasised the critical role of abnor-
mally activated epithelial cells (32, 45), 
especially the active IFN signalling in 
salivary gland epithelial cells (SEGCs) 
(32). SEGCs from pSS were found to 
be sensitive to the stimulation of TLR 
agonists and produced type I IFNs as 
a response to the stimulation (30, 31, 
46). Type I IFNs released by SEGCs 
could further promote the secretion of 
BAFF in an NF-κB dependent way (11, 
30). These data and our results collec-
tively confirmed that SEGCs are not 
purely innocent victims but can also be 
the trigger of type I IFN signalling in 
pSS. Taken together, locally infiltrated 
pDCs could exacerbate the activation 
of local type I IFN signalling together 
with SEGCs, thereby promoting tissue 
damage.
In SSc, pDCs directionally migrated to-
wards target organs and secreted IFN-α 
and CXCL4, thereby accelerating tissue 

fibrosis (19, 47). TLR7 is more predom-
inantly expressed in B cells, monocytes, 
and pDCs, while TLR8 shows greater 
expression in monocytes, neutrophils, 
and myeloid dendritic cells (mDCs) 
(48, 49). It is worth noting that in SSc, 
an increase of TLR8 expression in pe-
ripheral pDCs was detected, and TLR8 
upregulation is closely associated with 
pDC-mediated fibrosis (19). Nonethe-
less, our data showed no such abnormal 
TLR8 elevation in pSS (both before and 
after ligand stimulation), suggesting 
that pDCs in these two diseases may 
exhibit different TLR8 expression pat-
terns and disease characteristics. TLR8 
has also been reported to regulate func-
tions on TLR7 signalling and play a role 
in autoimmune diseases (50). However, 
to date, studies on TLR8 in pDC and its 
role in autoimmune disease may be in-
adequate. Reduction of pDCs in the pe-
ripheral blood as well as the concomi-
tant infiltration and activation in related 
tissue were reported in SLE (51, 52). 
A recent randomised controlled trial in 
SLE clarified that litifilimab (anti-BD-
CA2 antibody, BDCA2 is an exclusive 
marker of pDC) is effective in disease 
remission (53), which indicated the fea-
sibility of pDC purge strategy in SLE 
treatment. Whereas newly published re-
search revealed that SLE-derived pDC 
had senescence and inert phenotype, 
active keratinocytes should be respon-
sible for the IFN signalling rather than 
pDC (28). In general, pDCs contributed 
to the pathogenesis of autoimmune dis-
eases through type I IFNs or interplay 
with other immune cells (13).
A previous study based on transcrip-
tional analysis proposed that pDCs 
from patients with pSS secreted more 
type I IFNs after TLR7 stimulation (54). 
However, the study by Antonios et al.  
revealed that pDCs from patients with 
SLE or pSS did not show stronger secre-
tion ability for inflammatory cytokines, 
especially IFN-α (28), which is consist-
ent with our findings. These divergent 
results may be caused by different de-
tection methods, patient heterogeneity, 
and low abundance of circulating pDCs. 
It is worth mentioning that we also clas-
sified pSS patients based on their IFN 
signature and further compared the se-
cretion levels of inflammatory factors 



2080 Clinical and Experimental Rheumatology 2025

Abnormally reduced pDCs in Sjögren’s syndrome patients / R. Li et al.

among patient subgroups. Considering 
the heterogeneity of disease in pSS, it 
is valuable to classify pSS patients into 
two groups according to their IFN sig-
nature, since the two groups of patients 
have been reported to have different 
disease characteristics (6, 26, 29). How-
ever, despite the IFN signature, pDC 
quantity does not differ between pSS 
subgroups, as well as the secretion of 
IFN-α, TNF-α, and IL-6. This suggests 
that the abnormal decrease of pDCs in 
pSS patients may be independent of the 
IFN signature, which is consistent with 
our results that IFN-α is not the main 
cause of pDC apoptosis.
In conclusion, we analysed the aberrant 
phenotype and dysregulation of pDCs 
in pSS. Significantly, we disclosed the 
interaction between dysregulated pDCs 
and hyperactivated B cells in pSS. We 
innovatively demonstrated that exces-
sive IgG contribute to the apoptosis and 
decline of pDCs via FcRn in pSS. Our 
research provides novel insights into the 
immune disorder of pSS and offers new 
perspectives on future disease interven-
tion targets and treatment strategies.

References
  1.	NOCTURNE G, MARIETTE X: Advances in 

understanding the pathogenesis of primary 
Sjögren’s syndrome. Nat Rev Rheumatol 
2013; 9(9): 544-56. 

	 https://doi.org/10.1038/nrrheum.2013.110
  2.	FOX RI: Sjögren’s syndrome. Lancet 2005; 

366(9482): 321-31. https://
	 doi.org/10.1016/s0140-6736(05)66990-5
  3.	BALDINI C, CHATZIS LG, FULVIO G, LA 

ROCCA G, PONTARINI E, BOMBARDIERI M: 
Pathogenesis of Sjögren’s disease: one year 
in review 2024. Clin Exp Rheumatol 2024; 
42(12): 2336-43. https://

	 doi.org/10.55563/clinexprheumatol/i8iszc
  4.	KIMOTO O, SAWADA J, SHIMOYAMA K et 

al.: Activation of the interferon pathway in 
peripheral blood of patients with Sjögren’s 
syndrome. J Rheumatol 2011; 38(2): 310-16. 

	 https://doi.org/10.3899/jrheum.100486
  5.	IMGENBERG-KREUZ J, SANDLING JK, BJÖRK 

A et al.: Transcription profiling of periph-
eral B cells in antibody-positive primary 
Sjögren’s syndrome reveals upregulated ex-
pression of CX3CR1 and a type I and type II 
interferon signature. Scand J Immunol 2018; 
87(5): e12662. 

	 https://doi.org/10.1111/sji.12662
  6.	BRKIC Z, MARIA NI, VAN HELDEN-MEEUWS-

EN CG et al.: Prevalence of interferon type I 
signature in CD14 monocytes of patients with 
Sjögren’s syndrome and association with dis-
ease activity and BAFF gene expression. Ann 
Rheum Dis 2013; 72(5): 728-35. https://

	 doi.org/10.1136/annrheumdis-2012-201381

  7.	PENG Y, WU X, ZHANG S et al.: The potential 
roles of type I interferon activated neutrophils 
and neutrophil extracellular traps (NETs) in 
the pathogenesis of primary Sjögren’s syn-
drome. Arthritis Res Ther 2022; 24(1): 170. 

	 https://doi.org/10.1186/s13075-022-02860-4
  8.	GOTTENBERG JE, CAGNARD N, LUCCHESI C 

et al.: Activation of IFN pathways and plas-
macytoid dendritic cell recruitment in target 
organs of primary Sjögren’s syndrome. Proc 
Natl Acad Sci USA 2006; 103(8): 2770-75. 

	 https://doi.org/10.1073/pnas.0510837103
  9.	RIVIÈRE E, PASCAUD J, TCHITCHEK N et al.: 

Salivary gland epithelial cells from patients 
with Sjögren’s syndrome induce B-lympho-
cyte survival and activation. Ann Rheum Dis 
2020; 79(11): 1468-77. https://

	 doi.org/10.1136/annrheumdis-2019-216588
10.	HALL JC, CASCIOLA-ROSEN L, BERGER AE et 

al.: Precise probes of type II interferon activ-
ity define the origin of interferon signatures 
in target tissues in rheumatic diseases. Proc 
Natl Acad Sci USA 2012; 109(43): 17609-14. 
https://doi.org/10.1073/pnas.1209724109

11.	 ITTAH M, MICELI-RICHARD C, ERIC GOTTEN-
BERG J et al.: B cell-activating factor of the 
tumor necrosis factor family (BAFF) is ex-
pressed under stimulation by interferon in sali-
vary gland epithelial cells in primary Sjögren’s 
syndrome. Arthritis Res Ther 2006; 8(2): R51. 

	 https://doi.org/10.1186/ar1912
12.	IVASHKIV LB, DONLIN LT: Regulation of 

type I interferon responses. Nat Rev Immunol 
2014; 14(1): 36-49. 

	 https://doi.org/10.1038/nri3581
13.	YE Y, GAUGLER B, MOHTY M, MALARD 

F: Plasmacytoid dendritic cell biology and 
its  role in immune-mediated diseases. Clin 
Transl Immunology 2020; 9(5): e1139. 

	 https://doi.org/10.1002/cti2.1139
14.	PANDA SK, KOLBECK R, SANJUAN MA:  

Plasmacytoid dendritic cells in autoimmun-
ity. Curr Opin Immunol 2017; 44: 20-5. 

	 https://doi.org/10.1016/j.coi.2016.10.006
15.	BARRAT FJ, MEEKER T, GREGORIO J et al.: 

Nucleic acids of mammalian origin can act 
as endogenous ligands for Toll-like receptors 
and may promote systemic lupus erythema-
tosus. J Exp Med 2005; 202(8): 1131-39. 

	 https://doi.org/10.1084/jem.20050914
16.	MEANS TK, LATZ E, HAYASHI F, MURALI MR, 

GOLENBOCK DT, LUSTER AD: Human lupus 
autoantibody-DNA complexes activate DCs 
through cooperation of CD32 and TLR9.         
J Clin Invest 2005; 115(2): 407-17. 

	 https://doi.org/10.1172/jci23025
17.	GARCIA-ROMO GS, CAIELLI S, VEGA B et 

al.: Netting neutrophils are major inducers of 
type I IFN production in pediatric systemic 
lupus erythematosus. Sci Transl Med 2011; 
3(73): 73ra20. https://

	 doi.org/10.1126/scitranslmed.3001201
18.	REIZIS B: Plasmacytoid dendritic cells: de-

velopment, regulation, and function. Immu-
nity 2019; 50(1): 37-50. https://

	 doi.org/10.1016/j.immuni.2018.12.027
19.	AH KIOON MD, TRIPODO C, FERNANDEZ D 

et al.: Plasmacytoid dendritic cells promote 
systemic sclerosis with a key role for TLR8. 
Sci Transl Med 2018; 10(423). https://

	 doi.org/10.1126/scitranslmed.aam8458
20.	ALBANESI C, SCARPONI C, PALLOTTA S et 

al.: Chemerin expression marks early psori-
atic skin lesions and correlates with plasma-
cytoid dendritic cell recruitment. J Exp Med 
2009; 206(1): 249-58. 

	 https://doi.org/10.1084/jem.20080129
21.	DIANA J, SIMONI Y, FURIO L et al.: Cross- 

talk between neutrophils, B-1a cells and 
plasmacytoid dendritic cells initiates autoim-
mune diabetes. Nat Med 2013; 19(1): 65-73. 

	 https://doi.org/10.1038/nm.3042
22.	SHIBOSKI CH, SHIBOSKI SC, SEROR R et 

al.: 2016 American College of Rheumatol-
ogy/European League Against Rheumatism 
classification criteria for primary Sjögren’s 
syndrome: a consensus and data-driven meth-
odology involving three international patient 
cohorts. Ann Rheum Dis 2017; 76(1): 9-16. 
https://

	 doi.org/10.1136/annrheumdis-2016-210571
23.	HOCHBERG MC: Updating the American 

College of Rheumatology revised criteria for 
the classification of systemic lupus erythe-
matosus. Arthritis Rheum 1997; 40(9): 1725. 

	 https://doi.org/10.1002/art.1780400928
24.	GRZES KM, SANIN DE, KABAT AM et al.: 

Plasmacytoid dendritic cell activation is de-
pendent on coordinated expression of distinct 
amino acid transporters. Immunity 2021; 
54(11): 2514-30.e7. https://

	 doi.org/10.1016/j.immuni.2021.10.009
25.	CELLA M, JARROSSAY D, FACCHETTI F et al.: 

Plasmacytoid monocytes migrate to inflamed 
lymph nodes and produce large amounts of 
type I interferon. Nat Med 1999; 5(8): 919-
23. https://doi.org/10.1038/11360

26.	KIROU KA, LEE C, GEORGE S et al.:                
Coordinate overexpression of interferon-
alpha-induced genes in systemic lupus ery-
thematosus. Arthritis Rheum 2004; 50(12): 
3958-67. https://doi.org/10.1002/art.20798

27.	VOGELSANG P, BRUN JG, OIJORDSBAK-
KEN G, SKARSTEIN K, JONSSON R, APPEL 
S: Levels of plasmacytoid dendritic cells and 
type-2 myeloid dendritic cells are reduced 
in peripheral blood of patients with primary 
Sjogren’s syndrome. Ann Rheum Dis 2010; 
69(6): 1235-38. 

	 https://doi.org/10.1136/ard.2009.118158
28.	PSARRAS A, ALASE A, ANTANAVICIUTE A et 

al.: Functionally impaired plasmacytoid den-
dritic cells and non-haematopoietic sources 
of type I interferon characterize human auto-
immunity. Nat Commun 2020; 11(1): 6149. 

	 https://doi.org/10.1038/s41467-020-19918-z
29.	MARIA NI, STEENWIJK EC, AS IJ et al.:    

Contrasting expression pattern of RNA-sens-
ing receptors TLR7, RIG-I and MDA5 in 
interferon-positive and interferon-negative 
patients with primary Sjögren’s syndrome. 
Ann Rheum Dis 2017; 76(4): 721-30. https://

	 doi.org/10.1136/annrheumdis-2016-209589
30.	ITTAH M, MICELI-RICHARD C, GOTTENBERG 

JE et al.: Viruses induce high expression of 
BAFF by salivary gland epithelial cells 
through TLR- and type-I IFN-dependent and 
-independent pathways. Eur J Immunol 2008; 
38(4): 1058-64. 

	 https://doi.org/10.1002/eji.200738013
31.	KYRIAKIDIS NC, KAPSOGEORGOU EK, 

GOURZI VC, KONSTA OD, BALTATZIS GE, 
TZIOUFAS AG: Toll-like receptor 3 stimula-
tion promotes Ro52/TRIM21 synthesis and 



2081Clinical and Experimental Rheumatology 2025

Abnormally reduced pDCs in Sjögren’s syndrome patients / R. Li et al.

nuclear redistribution in salivary gland epithe-
lial cells, partially via type I interferon path-
way. Clin Exp Immunol 2014; 178(3): 548-60. 
https://doi.org/10.1111/cei.12432

32.	VERSTAPPEN GM, PRINGLE S, BOOTSMA H, 
KROESE FGM: Epithelial-immune cell inter-
play in primary Sjögren syndrome salivary 
gland pathogenesis. Nat Rev Rheumatol 2021; 
17(6): 333-48. 

	 https://doi.org/10.1038/s41584-021-00605-2
33.	TAKAI T: Roles of Fc receptors in autoim-

munity. Nat Rev Immunol 2002; 2(8): 580-
92. https://doi.org/10.1038/nri856

34.	PYZIK M, KOZICKY LK, GANDHI AK, BLUM-
BERG RS: The therapeutic age of the neonatal 
Fc receptor. Nat Rev Immunol 2023; 23(7): 
415-32. 

	 https://doi.org/10.1038/s41577-022-00821-1
35.	BLUMBERG LJ, HUMPHRIES JE, JONES SD et 

al.: Blocking FcRn in humans reduces circu-
lating IgG levels and inhibits IgG immune 
complex-mediated immune responses. Sci 
Adv 2019; 5(12): eaax9586. 

	 https://doi.org/10.1126/sciadv.aax9586
36.	NOCTURNE G, MARIETTE X: B cells in the 

pathogenesis of primary Sjögren syndrome. 
Nat Rev Rheumatol 2018; 14(3): 133-45. 

	 https://doi.org/10.1038/nrrheum.2018.1
37.	LEACH JL, SEDMAK DD, OSBORNE JM,      

RAHILL B, LAIRMORE MD, ANDERSON CL: 
Isolation from human placenta of the IgG 
transporter, FcRn, and localization to the 
syncytiotrophoblast: implications for mater-
nal-fetal antibody transport. J Immunol 1996; 
157(8): 3317-22.

38.	GAN Z, RAM S, VACCARO C, OBER RJ, WARD 
ES: Analyses of the recycling receptor, FcRn, 
in live cells reveal novel pathways for lyso-
somal delivery. Traffic 2009; 10(5): 600-14. 
https://

	 doi.org/10.1111/j.1600-0854.2009.00887.x
39.	PRABHAT P, GAN Z, CHAO J et al.: Elucida-

tion of intracellular recycling pathways lead-
ing to exocytosis of the Fc receptor, FcRn, 
by using multifocal plane microscopy. Proc 

Natl Acad Sci USA 2007; 104(14): 5889-94. 
	 https://doi.org/10.1073/pnas.0700337104
40.	KUZNIK A, BENCINA M, SVAJGER U, JERAS 

M, ROZMAN B, JERALA R: Mechanism of 
endosomal TLR inhibition by antimalarial 
drugs and imidazoquinolines. J Immunol 
2011; 186(8): 4794-804. 

	 https://doi.org/10.4049/jimmunol.1000702
41.	EWALD SE, LEE BL, LAU L et al.: The ecto-

domain of Toll-like receptor 9 is cleaved to 
generate a functional receptor. Nature 2008; 
456(7222): 658-62. 

	 https://doi.org/10.1038/nature07405
42.	HÄCKER H, MISCHAK H, MIETHKE T et al.: 

CpG-DNA-specific activation of antigen-
presenting cells requires stress kinase activ-
ity and is preceded by non-specific endocy-
tosis and endosomal maturation. EMBO J 
1998; 17(21): 6230-40. 

	 https://doi.org/10.1093/emboj/17.21.6230
43.	SCHREZENMEIER E, DÖRNER T: Mecha-

nisms of action of hydroxychloroquine and 
chloroquine: implications for rheumatology. 
Nat Rev Rheumatol 2020; 16(3): 155-66. 

	 https://doi.org/10.1038/s41584-020-0372-x
44.	BODEWES ILA, GOTTENBERG JE, VAN 

HELDEN-MEEUWSEN CG, MARIETTE X, 
VERSNEL MA: Hydroxychloroquine treat-
ment downregulates systemic interferon acti-
vation in primary Sjögren’s syndrome in the 
JOQUER randomized trial. Rheumatology 
(Oxford) 2020; 59(1): 107-11. https://

	 doi.org/10.1093/rheumatology/kez242
45.	COLAFRANCESCO S, BARBATI C, PRIORI R  et 

al.: Maladaptive autophagy in the pathogen-
esis of autoimmune epithelitis in Sjögren’s 
syndrome. Arthritis Rheumatol 2022; 74(4): 
654-64. https://doi.org/10.1002/art.42018

46.	BARRERA MJ, AGUILERA S, VEERMAN E et 
al.: Salivary mucins induce a Toll-like recep-
tor 4-mediated pro-inflammatory response in 
human submandibular salivary cells: are mu-
cins involved in Sjögren’s syndrome? Rheu-
matology (Oxford) 2015; 54(8): 1518-27. 

	 https://doi.org/10.1093/rheumatology/kev026

47.	KAFAJA S, VALERA I, DIVEKAR AA et al.: 
pDCs in lung and skin fibrosis in a bleomy-
cin-induced model and patients with system-
ic sclerosis. JCI Insight 2018; 3(9). 

	 https://doi.org/10.1172/jci.insight.98380
48.	WANG T, SONG D, LI X et al.: MiR-574-5p  

activates human TLR8 to promote autoim-
mune signaling and lupus. Cell Commun Sig-
nal 2024; 22(1): 220. 

	 https://doi.org/10.1186/s12964-024-01601-1
49.	VLACH J, BENDER AT, PRZETAK M et al.: 

Discovery of M5049: a novel selective toll-
like receptor 7/8 inhibitor for treatment of 
autoimmunity. J Pharmacol Exp Ther 2021; 
376(3): 397-409. 

	 https://doi.org/10.1124/jpet.120.000275
50.	VON HOFSTEN S, FENTON KA, PEDERSEN 

HL: Human and murine toll-like receptor-
driven disease in systemic lupus erythemato-
sus. Int J Mol Sci 2024; 25(10). 

	 https://doi.org/10.3390/ijms25105351
51.	BLOMBERG S, ELORANTA ML, CEDERBLAD 

B, NORDLIN K, ALM GV, RÖNNBLOM L:  Pres-
ence of cutaneous interferon-alpha producing 
cells in patients with systemic lupus erythe-
matosus. Lupus 2001; 10(7): 484-90. https://

	 doi.org/10.1191/096120301678416042
52.	TUCCI M, QUATRARO C, LOMBARDI L,    

PELLEGRINO C, DAMMACCO F, SILVESTRIS 
F: Glomerular accumulation of plasmacytoid 
dendritic cells in active lupus nephritis: role 
of interleukin-18. Arthritis Rheum 2008; 
58(1): 251-62. 

	 https://doi.org/10.1002/art.23186
53.	FURIE RA, VAN VOLLENHOVEN RF, KALU-

NIAN K et al.: Trial of anti-BDCA2 antibody 
litifilimab for systemic lupus erythematosus. 
New Engl J Med 2022; 387(10): 894-904. 

	 https://doi.org/10.1056/nejmoa2118025
54.	HILLEN MR, PANDIT A, BLOKLAND SLM et al.: 

Plasmacytoid DCs from patients with Sjögren’s 
syndrome are transcriptionally primed for en-
hanced pro-inflammatory cytokine production. 
Front Immunol 2019; 10: 2096. 

	 https://doi.org/10.3389/fimmu.2019.02096


