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ABSTRACT  

Objective: Primary Sjögren’s syndrome (pSS) is characterized by a lymphocytic infiltration of 

salivary glands and the presence of an interferon (IFN) signature. Salivary gland epithelial cells 

(SGECs) play an active role in pSS pathophysiology. The aim of this work was to study the 

interactions between SGECs and T cells in pSS and the role of the IL-7/IFN axis. 

Methods: Primary cultured SGECs from pSS and controls were stimulated with poly(I:C), IFN 

or IFNT cells were sorted from blood and stimulated with IL-7. CD25 expression was 

assessed by flow cytometry. Salivary gland explants were cultured for 4 days with anti-IL-7R 

antagonist antibody (OSE-127) and transcriptomic analysis was performed by using 

nanostring. 

Results: IL-7 serum level was increased in pSS patients versus controls and was associated 

with B-cell biomarkers. IL7R expression was decreased in T cells from pSS patients versus 

controls. SGECs stimulated with poly(I:C), IFN or IFNsecreted IL-7. IL-7 stimulation 

increased the activation of T cells, as well as IFN secretion. Transcriptomic analysis of salivary 

gland explants showed a correlation between IL7 and IFNexpression. Lastly, explants cultured 

with anti-IL-7R antibody showed decreased IFN-stimulated gene expression.  

Conclusion: These results suggest an IL-7-IFN amplification loop involving SGECs and T cells 

in pSS. IL-7 was secreted by SGECs stimulated with type 1 or type 2 IFN and, in turn, activate 

T cells that secrete type 2 IFN. An anti-IL-7R antibody decreased the IFN signature in T cells 

during pSS and could be of therapeutic interest. 

 

Key words: Sjögren’s syndrome, Interleukine-7, T cells, Interferon  
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INTRODUCTION 

Primary Sjögren’s syndrome (pSS) is a chronic autoimmune disease characterized by a 

lymphocytic infiltration of salivary glands. The major components of the salivary gland 

infiltrate are T and B lymphocytes. Salivary gland epithelial cells (SGECs) can be a driver and 

also a passive culprit of disease pathophysiology. Autoreactive effector T cells could play a 

pathogenic role in pSS in different ways, including providing help for promoting B-cell 

hyperactivity (1). One characteristic of pSS is the presence of an interferon (IFN) gene 

signature in circulating leukocytes and in salivary glands of pSS patients (2-5). However, the 

initial trigger responsible for this IFN signature is still not identified, nor is the predominant 

involvement of type 1 or type 2 IFNs.  

Interleukin-7 (IL-7) is a pleiotropic cytokine produced by non-hematopoietic cells, such as 

stromal and epithelial cells, that plays a central role in T lymphocyte homeostasis. Several 

observations highlighted the potential role of the IL-7/IL-7Rα axis in pSS pathophysiology. The 

levels of IL-7 and its receptor, IL-7Rα, also known as CD127, were found elevated in salivary 

glands of patients with pSS (6). Bikker et al. showed by immunohistochemistry an association 

between the presence of IL-7Rα positive T cells in the salivary glands of patients with pSS, and 

the severity of sialadenitis and IL-7 expression (7). IL-7 activity might be modulated by the 

soluble form of its receptor (sIL-7R). Of note, Lundström et al. showed a diminished 

consumption of IL-7 in the presence of sIL-7Rα (8). Interestingly, Hillen et al. showed an 

increase of sIL-7R level in serum and salivary gland supernatant of patients with pSS with 

increased inflammation and decreased salivary output (9). Moreover, the IL-7/IL-7Rα axis has 

been found involved in the formation of ectopic lymphoid structures in salivary glands (10). 

Interestingly, Jin et al. showed that exogenous IL-7 administration accelerated pSS onset in a 
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mouse model, whereas blockade of endogenous IL-7Rα signals prevented its development 

(11). Lastly, IL-7 stimulation of T cells in vitro enhanced IL-2, IL-10 and IFN production which 

may also play a role in pSS (12,13). 

From these findings, we aimed to study the interactions between SGECs and T cells in pSS and 

the impact of IL-7 in this process by using a fully antagonist anti-IL-7R monoclonal antibody 

(14).  
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MATERIALS and METHODS 

Patients 

Serum levels of cytokines and chemokines were assessed in patients from the French 

multicenter 5-year prospective Assessment of Systemic Signs and Evolution of Sjögren's 

Syndrome (ASSESS) cohort. In total, 395 patients have been included in this cohort. All patients 

fulfilled the American–European Consensus Group criteria for pSS (15). The baseline 

characteristics of the patients were previously described (16). Chemokine levels were also 

measured in 73 age- and sex-matched controls with symptoms of dry eyes and mouth but 

without any autoantibody and without lymphocytic infiltrates on minor salivary gland (MSG) 

biopsy. 

MSG biopsies were obtained from consecutive patients referred for suspected pSS to the 

rheumatology department of Bicêtre hospital, a tertiary reference center for systemic auto-

immune diseases. pSS was defined according to the 2016 ACR/EULAR criteria (17) or 

American–European Consensus Group criteria for pSS (15). The EULAR Sjögren Syndrome 

Disease Activity Index (ESSDAI) was used to assess pSS activity. Controls presented sicca 

symptoms without anti- Ro / SSA  and anti- La / SSB  antibodies and with normal or sub-normal 

MSG findings (i.e. focus score <1). 

T lymphocytes used for in vitro experiments were sorted from blood of pSS patients and 

controls.  

The experimental design of the study is presented in Supp Figure 1. 

 

Biological assessment 
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Serum samples were obtained at enrollment. All biological samples were immediately frozen, 

stored (-80°C) and shipped to the Centre de Ressources Biologiques of Bichat Hospital, Paris, 

which has obtained the French Association for Quality Insurance (AFAQ) certification 

(certification number 2009/34457) according to the norm 96900. Serum markers were 

assessed centrally and with blinding to any clinical or other biological data. Rheumatoid factor 

(RF) was assessed by Enzyme-Linked Immunosorbent Assay (ELISA), and C3 and C4 levels by 

nephelometry (decreased C3 and C4 level defined as < 0.8 and 0.15 g/l, respectively). Beta2-

microglobulin and total Ig levels and kappa and lambda free light chains of Igs were assessed 

by nephelometry with the Freelite kit (Binding Site, Birmingham, UK). Anti-Ro/SSA and anti-

La/SSB antibodies were detected by ALBIA flow cytometry (Addressable laser bead immuno 

assay) with a Bioplex 2200 (Biorad). The detection was confirmed by the immunodot assay 

Ana 3b from Euroimmun. CD4 and CD8 T cell counts were determined by flow cytometry. CD4+ 

T lymphocytopenia was defined by an absolute CD4 count lower than 300 cells/ml. 

 

Assessment of IL-7, CXCL13, CCL19, CXCL10 and IFN levels   

The methods used for assessing IL-7, CXCL13, CCL19, CXCL10 and IFN levels  are described in 

the supplementary materials.  

 

RNA-seq of CD4 and CD8 T cells sorted from salivary gland biopsies and blood 

IFN, IFN and IFN gene expression was evaluated by RNA-seq in CD4 and CD8 T cells sorted 

form salivary gland biopsies and peripheral blood mononuclear cells. The methods of samples 

collection, cell isolation and RNA-seq are described in supplementary materials.  
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PCR validation of RNA-seq differentially expressed genes  

The methods for PCR validation of RNAseq results are presented in supplementary materials.  

 

CD127, ICOS and PD1 assessment in CD4 and CD8 T cells  

Fresh whole blood (100µl) was incubated with fluorochrome-conjugated antibodies for 15 min 

at room temperature in the dark, followed by 20 min of lysis (Versalyse, Beckman Coulter, 

Mervue, Galway, Ireland) and washed twice with PBS for surface staining. For Ki67 and FoxP3 

staining, cells were fixed and permeabilized after cell surface staining by using the PerFix-nc 

kit (Beckman Coulter) according to manufacturer instructions. Stained cells were acquired by 

using a Gallios flow cytometer (Beckman Coulter). Data were analyzed with Kaluza software 

(Beckman Coulter). The antibodies used in the experiments are in Supp Table 2. The gating 

strategy is presented in Supp Figure 2.  

 

Isolation of T lymphocytes and IL-7 stimulation 

Peripheral blood mononuclear cells were isolated from residual apheresis blood from pSS 

patients or healthy subjects (French blood donors) by Ficoll gradient separation. T 

lymphocytes were isolated by magnetic-bead negative selection according to the 

manufacturer’s instructions (Pan T cells negative isolation kit, Miltenyi Biotec) to achieve a 

purity > 70% as assessed by FACS analysis (percentage of CD3+ cells in live cells). T cells were 

seeded at 1million/mL in RPMI-1640 supplemented with 10% heat-inactivated fetal bovine 

serum, and penicillin-streptomycin (1X) and stimulated with IL-7 0.1 or 2 ng/mL (Peprotech). 
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T cells were harvested on day 1 or 3 for flow cytometry. Stimulated T lymphocytes were 

stained with CD3, CD4, CD8, CD127, CD25, or Fixable Viability Dye efluor 780. The antibodies 

used in the experiments are presented in Supp Table 2. Samples were analyzed by using a BD 

FACS Canto flow cytometer and BD FACS Diva Software (BD, Becton Dickinson, Germany). The 

results were analyzed with FlowJo10 software. 

 

Primary cultures of SGECs and stimulation 

Primary cultures of SGECs were established from MSGs as previously described (18). After 2-

3 weeks of culture, cells at 70–80% confluence were dissociated with 0.125% trypsin-EDTA. 

Cell suspension was suspended in basal epithelial medium and added at 80 000 cells/cm2 to 

a 6-well collagen type I plate (Institut de Biotechnologies, Reims, France) coated and incubated 

at 37°C and 5% CO2 in a humidified atmosphere. The basal epithelial medium was changed at 

day 1 to remove non-adherent epithelial cells. The epithelial origin of cultured cells was 

confirmed as routine by staining with monoclonal antibodies against CD326 (Miltenyi Biotec, 

Paris, France) an epithelium-specific marker. Stimuli were added in the medium: poly (I:C) 

30 µg/mL (Invivogen), IFN-α 600 UI/mL (Roferon-A, Roche), IFN-γ 5 ng/mL (Sigma Aldrich) or 

IFN-λ (IL28) 25 ng/ml (Peprotech). Supernatants and SGECs were harvested after 72 hours and 

frozen (-80°C). 

 

qPCR 

Total RNA from 24-hours stimulated and unstimulated SGECs was extracted by using the 

RNeasy Minikit (Qiagen) according to the manufacturer’s specifications. Contaminating DNA 

was removed by using RNase-free DNase set (Qiagen) according to the manufacturer’s 
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instructions. A 1 µg amount of RNA was used to produce cDNA with the First strand synthesis 

kit (Sigma Aldrich). The quantification of mRNA expression was determined by Taqman real-

time PCR according to the manufacturer’s instructions (Taqman, Life Technologies) with the 

TaqMan Gene Expression Master Mix (Life Technologies) using the CFX96 (Biorad). The level 

of IL7 was normalized to that of the endogenous GAPDH. Calculation of mRNA expression 

levels was performed using the comparative Ct (Ct) method. Data analyses were performed 

using CFX Biorad Manager software.  

 

Culture of salivary gland explants  

Each MSG was cut into two parts and cultured for 4 days in 200 µL RPMI-1640 supplemented 

with 10% heat-inactivated fetal bovine serum, and penicillin-streptomycin (1X) with OSE-127 

humanized anti-human CD127 monoclonal antibody (anti-IL-7R) (OSE Immunotherapeutics, 

Nantes (14)) or control isotype (Ultra LEAF purified human IgG4 Isotype control recombinant 

(Biolegend)). After 4 days, supernatant was separated from the explants. Supernatant was 

centrifugated in order to isolate cells that escaped from the explant (pellet cells) and the 

explant itself (explant cells) (Figure 5A). The pellet and explant cells were collected in the RLT 

buffer of the RNeasy Mini kit (Qiagen) supplemented with beta-mercaptoethanol at 1% and 

frozen (-80°C) before RNA extraction.  

 

Nanostring gene expression 

RNA from salivary gland biopsies (cells or explants) was extracted by using the FastPrep 

system. Gene expression was quantified with the NanoString nCounter platform with 15 to 50 

ng total RNA, according to the type of sample, in the nCounter Human Immunology Panel_V2 
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(NanoString Technologies). The code set was hybridized withRNA overnight at 65°C. RNA 

transcripts were immobilized and counted by using the NanoString nCounter Sprint. 

Normalized expression data were analyzed with nSolver software. The statistical analysis of 

data did not involve multiple hypothesis testing.  

 

Statistical analysis of IL-7 serum level and correlations  

Categorical variables are reported as number (percentage) and were compared by chi-square 

or when appropriate, Fisher’s exact test. Quantitative variables are reported as median 

(interquartile range) or mean (SD) and were compared by using Mann-Whitney test. For 

correlation analyses between two quantitative variables, Spearman’s correlation coefficients 

were calculated. In univariate analyses, the correlation/association between disease activity, 

serum chemokine levels, serum B cell biomarkers, and IL-7 serum level was assessed by 

Spearman's correlation coefficient for continuous data and Mann-Whitney U test for 

categorical data. All variables with p-value <0.05 in univariate analysis or R ≥ 0.20 were 

entered into a multivariate model to identify the factors independently associated with IL-7 

serum level. Variables were selected by using backward selection. Statistical analyses were 

performed using SAS 9.3 statistical software (SAS Inst., Cary, NC).  

 

Statistical analysis of RNA-seq profiles of sorted cells 

Reads were first quality control-filtered and trimmed by using trimmomatic (19). Paired reads 

were aligned to the Ensembl human reference genome (V38.79) (20) by using STAR software 

(v2.5.0c) (21). Statistical analyses involved the DESeq2 package (22). A cut-off of p<0.05 was 

used to define differentially expressed genes. The Interferome v2.01 database (23) was used 
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to identify and characterize IFN-induced genes. Functional enrichment analysis of 

differentially expressed genes was performed for genes with absolute fold change value ≥ 1.5, 

by using ingenuity pathway analysis software (Qiagen). The statistical analysis of data did not 

use multiple hypothesis testing. 

 

Study approval 

The study received approval from the local ethics committee, and informed consent was 

obtained from all patients and controls s. 
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RESULTS 

Patients 

The characteristics of patients included in the ASSESS cohort for serum cytokine evaluation 

were previously described (16). The characteristics of patients and controls included in the 

current study are presented in Table 1 and the experimental design of the study is presented 

in Supp Figure 1. 

 

IL-7 serum level is increased in pSS and IL-7R expression on CD4 and CD8 T cells is decreased 

in pSS 

Patients with pSS showed higher serum IL-7 level than controls: 5.47 ng/ml (3.33, 9.08) 

(median (interquartile range)) versus 3.03 ng/ml (1.90, 5.76); p<0.0001 (Figure 1A). Serum IL-

7 level was positively correlated with B-cell activation markers, IFN-induced chemokines and 

disease activity markers (Figure 1B). A univariate analysis of clinico-biological parameters 

associated with IL-7 serum levels identified an association with anti-SSA and anti-SSB 

antibodies, RF positivity, lymphopenia, low C4 level and past or current lymphoma (Figure 1C). 

On multivariate analysis, serum IL-7 level was associated with anti-SSA antibody positivity, 

serum level of CXCL13, RF positivity, high κ light-chain and low C4 level (Figure 1C). Supporting 

this increase in serum IL-7 level, we observed a decrease of IL-7R (CD127) expression on CD4 

and CD8 T cells from pSS versus controls (p<0.05 and p<0.01, respectively) (Figure 2A), this 

result potentially reflecting IL-7R internalization after IL-7 binding (25). Of note, IL-7R 

expression was decreased on CD4 and CD8 T cells from pSS and controls cultured after IL-7 

stimulation (Supp Figure 3). IL-7R MFI did not differ between pSS and controls CD4 and CD8 T 
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cells (data not shown). Nor did IL7R gene expression differ between pSS and control at the 

transcriptomic level (Supp Figure 4). 

The comparison of PD1 expression on CD8 and CD4 T cells between CD127+ and CD127- T cells 

showed an increased expression of PD1 on CD127- CD8 and CD127- CD4 T cells from pSS 

patients (p<0.05 and p<0.0001, respectively) (Figure 2B). Also, ICOS expression was increased  

on CD127- CD4 T cells as compared with CD127+ CD4 T cells from pSS patients (p< 0.001) 

(Figure 2C). 

 

SGECs are a source of IL-7  

We previously showed that SGECs sorted from pSS and control salivary glands, expressed IL7 

RNA and that this expression was higher in SGECs from pSS patients than controls (24) . Given 

this result, we hypothesized that SGECs could be a source of IL-7 in pSS. Primary cultured 

SGECs from pSS patients and controls stimulated with poly(I:C), IFNα, IFNγ, and IFNλ could 

secrete IL-7 (Figure 3A). IL7 mRNA expression was confirmed by quantitative RT-PCR (Figure 

3C). The protein levels of IL-7 after IFN, IFNand poly(I:C) stimulation were higher in SGECs 

from pSS patients versus controls (Figures 3B).  

 

Relationship between IL-7 and type 1 and type 2 IFNs in blood and salivary glands  

IL-7 stimulation (2 ng/mL) of blood T cells increased CD25 expression in CD4 and CD8 T 

lymphocytes as compared with the unstimulated condition both in pSS patients and control 

CD4 and CD8 T cells (Supp Figure 5A and B). Also, CD25 expression was higher in pSS CD4 T 

cells on day 1 (Supp Figure 5C), and CD8 T cells on day 3 (Supp Figure 5D) after stimulation 

with IL-7 (0.1 ng/mL) as compared with controls (p=0.03). IFN was detected in supernatants 
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from T cells stimulated with IL-7 (2 ng/mL).There was a significant increase of IFN secretion 

by IL-7 stimulated T cells from pSS patients, but not from controls (Figure 4A). As expected, IL-

7 did not stimulate IFN production in T cells (Figure 4B). Of note, in the whole salivary gland 

tissue, IL-7 expression was correlated with IFN expression: nanostring transcriptomic analysis 

of salivary gland explants from pSS showed a positive correlation between IL7 mRNA 

expression and IFN1, 2,  and gene expression (R2= 0.4, 0.5, 0.6 and 0.5, respectively) 

(Figure 4C). 

 

IFN signaling pathway and IFNexpression are upregulated in pSS T cells  

The comparison of gene expression in sorted CD4 T cells from blood of pSS patients and 

controls showed 474 differentially expressed genes: 312 up-regulated and 162 down-

regulated. Functional enrichment pathway analysis highlighted an over representation of the 

EIF2 and the IFN signaling pathways, as well as Th1 and Th2 pathways (Supp Table 1). IFN 

induced genes such as IFI27, IFIT1 and IFI44L were among the most significantly up-regulated 

genes in pSS patients as compared with controls (log2FC = 3.295, 3.029 and 2.552, 

respectively). Among the 312 upregulated genes in blood CD4 T cells from pSS patients, 198 

were IFN regulated genes (type I =25, type II = 46, type I and II = 105 and types I, II and III =22). 

Of note, there was an up regulation of the PDCD1 (programmed cell death 1) gene expression 

(log2Fold change = 2.667) in pSS patients versus controls. 

When comparing gene expression in sorted CD8 T cells from blood of pSS patients and 

controls, 532 differentially expressed genes were detected: 325 up-regulated and 207 down-

regulated. As in CD4 T cells, functional enrichment pathway analysis highlighted an over 

representation of EIF2 signaling and IFN signaling pathways in CD8 T cells (Supp Table 1). IFN 
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induced genes such as IFI44L, IFI44, OAS1, IFIT3 and MX1 were up-regulated in pSS patients 

versus controls (log2FC = 4.073, 1.944, 1.735, 1.7 and 1.542, respectively). Among the 325 

upregulated genes in blood CD8 T cells from pSS patients versus controls, 42 were IFN 

regulated genes (type I =1, type I and II = 20 and types I, II and III =21). 

CD8 T cells sorted from salivary glands and from blood expressed IFN and IFN genes (Supp 

Figure 6). Interestingly, IFN expression was upregulated in blood CD8 T cells from pSS patients 

versus controls (log2FC= 1.809) (Supp Figure 6). IFN expression was also detected In CD4 T 

cells from biopsies and  blood. As expected, type I IFN expression (IFN1, 2, 17 and ) was 

not detected in CD4 and CD8 T cells from biopsy and  blood (data not shown). 

In sorted CD4 T cells from biopsies of pSS patients and controls, 539 differentially expressed 

genes were detected: 305 up-regulated and 234 down-regulated. The enrichment analysis 

identified only 3 overrepresented pathways: 14-3-3-mediated signaling, IGF-1 signaling and 

Natural Killer Cell signaling (Supp Table 1).  

In sorted CD8 T cells from biopsies of pSS patients and controls, 373 differentially expressed 

genes were detected: 207 up-regulated and 166 down-regulated. The enrichment analysis did 

not identify significant pathways (Supp Table 1).  

Lastly, 4 pSS patients had available data at the same time for T cells sorted from biopsy and 

blood.  IFNexpression was upregulated in CD4 and CD8 T cells sorted from biopsies versus 

blood (Log2FC = 3.36, p-value = 0.02 and Log2FC = 3.64, p-value = 0.02, respectively). IFNL1 

was upregulated in CD4 T cells sorted from biopsies versus blood (Log2FC = 6.51, p-value = 

0.011).  
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IL-7R inhibition decreases IFN signature in salivary glands  

We analyzed the transcriptomic modifications induced by adding an anti-IL-7R antibody (OSE-

127) to the culture of MSG explants from pSS patients. The pellet cells corresponded to the 

cells escaped from the explant during the culture, and explant cells corresponded to the 

explant itself (Figure 5A). The analysis of the mRNA signature revealed that inhibition of IL-7 

signaling by OSE-127 decreased the IFN gene signature as assessed by decreased expression 

of IFITM1 and Mx-1, both in explant and pellet cells (Figure 5B). Looking specifically at the 

different IFN subtypes, we observed that OSE-127 decreased the expression of IFN 

specifically in pellet cells (Figure 5C).  
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DISCUSSION 

In this study, we found that IL-7 level was increased in pSS patients as compared with controls, 

with higher IL-7 levels in serum from patients and decreased IL-7R expression level in 

circulating T cells. Also, IL-7 serum level was associated with B-cell biomarkers and IFN related 

biomarkers in pSS such as anti-SSA antibody and CXCL13. In addition, SGECs were producers 

of IL-7 upon type 1 and type 2 IFN activation and T cells stimulated with IL-7 secreted IFN. T 

cells from patients were more prone to secrete IFN after IL-7 stimulation than T cells from 

controls. Finally, blocking the IL-7 pathway with an anti-IL-7R monoclonal antibody was 

associated with a decrease in IFN related gene expression in salivary gland explants. Given 

these results, we hypothesized the existence of an IFN-IL-7 axis in pSS. SGECs stimulated with 

both types of IFN might produce IL-7, which activates T lymphocytes able to secrete 

IFN(Figure 5D). This vicious circle could be potentially inhibited by an anti-IL-7R antibody. 

IL-7 is a key cytokine involved in T lymphocytes homeostasis. The presence of lymphopenia, 

affecting mainly T-cells, is one of the hallmarks of some systemic autoimmune diseases such 

as systemic lupus and pSS. In pSS, lymphopenia is included in the biologic criteria used to 

assess activity in the ESSDAI score and the presence of lymphopenia is associated with risk of 

lymphoma (26). Circulating levels of IL-7 are increased in response to lymphopenia. An 

interesting question in pSS is whether the increased IL-7 level is a reaction to lymphopenia or 

if lymphopoiesis is non-responsive to IL-7 stimulation.  

IL-7 is produced by stromal cells but also by epithelial cells, such as small intestinal epithelial 

cells (27), or enterocytes (28). We showed that SGECs could produce IL-7 after stimulation 

with all types of IFNs or a Toll-like receptor 3 agonist. The IFN-IL-7 pathway that we describe 

could be involved in the organization of ectopic lymphoid structures found in pSS salivary 
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glands. Seo et al. demonstrated that IL-7 plays a pivotal role in T follicular helper (Tfh) 

generation and germinal center formation in vivo, because treatment with an anti-IL-7 

neutralizing antibody markedly impaired the development of Tfh cells and IgG responses (29). 

Interestingly, we found more CD127- T cells in pSS patients versus controls, probably because 

of the internalization of CD127, or IL-7R, after IL-7 binding (25). Moreover, we showed that 

CD127- CD4 and CD8 T cells from pSS patients showed increased expression of PD1, and 

expression of ICOS was higher in CD127- CD4 T cells from pSS patients than CD127+ T cells. 

These results suggest that IL-7 could be involved in CD4 T cell differentiation to Tfh, which are 

PD1+, ICOS+.  Tfh cells are specialized providers of T-cell help to B cells, and are essential for 

germinal center formation, affinity maturation, and the development of high affinity 

antibodies and memory B cells. The link between high IL-7 level and increased B-cell 

biomarkers is intriguing. Since we did not find any expression of IL-7R mRNA on RNAseq of 

blood or salivary gland B cells (Supp Figure 4A), this interaction is indirect. IL-7 plays a pivotal 

role in Tfh generation and germinal center formation in vivo (29), which might explain the 

correlation between serum IL-7 level and B-cell biomarkers. Alternatively, since IL-7 level is 

increased in patients with active pSS, and type I IFN and BAFF levels are also increased in the 

same subgroup of patients, the correlation between IL-7 and B-cell biomarkers may reflect a 

parallel augmentation in patients with the most active disease. Conversely, the impact of IL-7 

stimulation on CD8 T cells might drive IFN production. These differences between CD4 and 

CD8 T cell involvement requires better characterization. Of note, RNA-seq analysis showed 

higher IFNexpression in CD8, but not CD4 T cells from pSS patients versus controls. 

Moreover, in 4 patients with both blood and biopsy samples, the mRNA expression of IFN 

and IFNL1, was upregulated in T cells sorted from biopsies versus blood. These results support 
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the role of the salivary gland tissue microenvironment and especially the interactions between 

T cells and SGECs. 

One limitation of this study is that we hypothesized that the action of IL-7 was mainly due to 

its effect on T cells resulting in IFN secretion. However, IL-7 contributes to arthritis in RAG 

deficient mice, which lack T and B cells. Thus, cells other than T and B cells might express IL-

7R and be sensitive to IL-7 signaling. For example, the presence of IL-7R+ macrophages was 

associated with joint inflammation and IL-7 enhanced inflammation and osteoclastogenesis, 

independently of T and B cells in this mouse model (30). Moreover, innate lymphoid cells (ILCs) 

express IL-7R and are also involved in IL-7-mediated inflammation (31). Notably, ILC3s play a 

role in IL-7-mediated lymphoid structure formation. In addition to ILCs, some tissue-resident 

cells with innate-like properties, such as IL-7R+ mucosal-associated invariant T cells and IL-7R+ 

CCR9+ T cells could contribute to IFN secretion. Interestingly, these cells have been found 

increased in target tissues in several autoimmune diseases, notably the salivary glands of 

patients with pSS (32).  

Lastly, inhibiting this IL-7 stimulation showed interesting results in terms of IFN gene 

expression. Confirmation of the transcriptomic results at the protein level would have been 

interesting, but IFN dosages in supernatants of explants containing a few cells were not 

contributive, even when using sensitive techniques such as SIMOA. It was recently 

demonstrated that the administration of a blocking antibody against the IL-7R chain to 

female NOD mice ameliorated pSS characteristics including hyposalivation and leukocyte 

infiltration of submandibular glands. Moreover, the authors observed a decrease of IFN 

producing CD4 and CD8 T cells in the submandibular glands (33). The use of OSE-127, an anti-

IL-7Rα monoclonal antibody, showed interesting results in non-human primates for 



 

 

21 
 

controlling skin inflammation despite repeated antigen challenges (34). Also, IFN level was 

significantly decreased in humanized mice models of colitis and ex-vivo colon explants culture 

from ulcerative colitis (35). Of note, no modification of T cell numbers, phenotype, function or 

metabolism was observed in the peripheral blood in this study.  

In conclusion, IL-7 secreted by SGECs under the influence of both IFN types may activate T 

cells, which in turn secrete IFN, thus amplifying this vicious circle. Given these results and 

those already described in the “Sjögren like” NOD mouse model, targeting the IL-7 pathway in 

pSS could represent an interesting therapeutic option.  
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Figure legend:  

 

Figure 1: IL-7 serum level in pSS patients and controls. A: ELISA assessment of IL-7 in serum 

from 372 patients with pSS (ASSESS cohort) and 73 controls. Statistical analysis involved using 

Mann-Whitney test. ****  p<0.0001. B: Correlation between IL7 serum level and B cells 

activation markers, IFN-induced chemokines and disease activity markers in pSS patients. C: 

Association between clinico-biological parameters and IL-7 serum level on univariable and 

multivariable analysis in pSS patients. RF, rheumatoid factor 

 

Figure 2: The percentage of IL-7R+ CD4 and CD8 T cells is decreased in pSS patients cversus 

controls and levels of PD1 and ICOS are higher in CD127- than CD127+ CD4 T cells. Expression 

of A: CD127 in CD4 and CD8 T cells sorted from blood in pSS patients (n=15) and controls 

(n=12), B: PD1 in CD127+ and CD127- CD4 and CD8 T cells in pSS patients(n=15), and C: ICOS 

in CD127+ and CD127- CD4 and CD8 T cells in pSS patients (n=15). Data are mean (SD). 

Statistical analysis involved using Mann-Whitney test for unpaired data and Wilcoxon test for 

paired data. * p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001. Controls are colored in green and 

pSS patients are colored in orange. 

Figure 3: A: Secretion of IL-7 by salivary gland epithelial cells (SGECs). ELISA of IL-7 secretion 

by SGECs under different stimulation conditions (poly(I:C) 30g/mL, IFN 5ng/mL, IFN 600 

UI/mL or IFN 25 ng/mL) after 3 days in A : pSS patients and controls combined and  B: S pSS 

patients and controls. qPCR analysis of mRNA level of IL7 in SGEC under different conditions 

of stimulation relative to unstimulated conditions in C: pSS patients and controls combined 

and D: pSS patients and controls relative to unstimulated condition (qPCR). Data are mean 
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(SD). Statistical analysis involved using Mann-Whitney test for unpaired data and Wilcoxon 

test for paired data. **** p<0.0001.  

 

Figure 4: Association between IL-7 and IFN in blood and salivary glands. Detection of IFN 

protein (A) and IFN protein (B) in supernatants from T cells stimulated with IL-7 0.1 and 2 

ng/mL, for 3 days, sorted from pSS patients and controls blood. Data are mean (SD). Statistical 

analysis involved using Wilcoxon test. C: Correlation between IL7 gene expression and IFN1, 

IFN2, IFN and IFNgene expression in salivary gland explant cells from pSS (n=9). Statistical 

analysis involved using Spearman test. ** p<0.01.  

 

Figure 5 A: Schematic representation of the protocol used for nanosting experiments. B: 

Volcano plot representation of differentially expressed genes after treatment with anti-IL-7R 

monoclonal antibody (OSE-127) compared to control isotype in explant and pellet cells. C: 

Effect of anti-IL-7R monoclonal antibody (OSE-127) on IFN mRNA expression in pellet cells and 

in explants cells compared with control isotype. * p<0.05. D: Simplified schematic 

representation of relationship between SGECs and T cells via the IL-7-IFN axis. 
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Table 1 : Characteristics of primary Sjögren’s syndrome patients (pSS) included in the study 

 

 

CD127 and 

PD1 

assessment of 

T cells 

RNAseq of 

biopsy sorted 

cells 

RNAseq of 

blood sorted 

cells 

T cells 

stimulated with 

IL-7 

Primary 

cultured 

SGECs for IL-7 

dosage 

Salivary gland 

explants for 

nanostring 

 pSS (n=15) pSS (n=9) pSS (n=16) pSS (n=12) pSS (n=5) pSS (n=9) 

Median age (min-

max) 
59(40-59) 51 (47-71) 55 (47-68) 65 (38-88) 50(40-64) 41(38-52) 

Female sex, no (%) 13(86) 8 (89) 15 (94) 12 (100) 4(80) 9(100) 

Focus score ≥ 1, no 

(%) 
4/4(100) 4 (44) 3/6 (50) NA 4(80) 5(55) 

SSA antibodies, no 

(%) 
10(71) 7 (78) 13 (81) 9 (75) 4(80) 8(88) 

Median ESSDAI 

(min-max) 
5(2-8) 2 (0-4.5) 1 (0-2.75) 3 (0-15) 3 (2-12) 2 (1-4) 

 

SGECs, salivary gland epithelial cells; ESSDAI, EULAR Sjögren Syndrome Disease Activity Index 

 

 

 

 

 

 

 

 



 

IL-7 serum level is correlated to B cells activation markers, 

IFN-induced chemokines and disease activity markers 
Clinico-biological parameter associated with IL-7 serum 
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Supplementary material : 

Assessment of IL-7, CXCL13, CCL19, CXCL10 and IFN levels   

Serum levels of IL-7 and CXCL13 were assessed by using ProcartaPlex Multiplex Immunoassays 

from Affymetrix (Santa Clara, CA, USA) according to the manufacturer's instructions. Briefly, 

25 µl serum was used with the following incubation times: antibody beads, 2 hours at room 

temperature; detection antibody, 30 min at room temperature; and streptavidin-PE, 30 

minutes at room temperature. Data were acquired on a Bio‐Plex MAGPIX system (Bio‐Rad) by 

using xMAP technology from Luminex and analyzed with Bio‐Plex Manager software version 

6.1 (Bio‐Rad). CCL19 and CXCL10 serum levels were assessed by using Human CXCL10/IP-10 

DuoSet (DY266) and Human CCL19/MIP-3 beta DuoSet (DY361) (R&D system). IL-7 secretion 

by SGECs was tested in culture supernatants by ELISA (DIACLONE, Besançon, France). Dosage 

of INFand IFN was assessed by Single-molecule array (Simoa) digital ELISA technology in T-

cell supernatants as previously described (1). Briefly, for IFNα the capture antibody clone 8H1 

was used at 0.3 mg/ml and the detector antibody clone 12H5 was conjugated at 30x 

biotin:antibody ratio and used at 0.3 μg/ml. For IFNγ the capture antibody (MD-1, BioLegend) 

was used at 0.3 mg/ml and the detector antibody (25718, R&D systems) was conjugated at 

40x biotin:antibody ratio and used at 0.3 μg/ml. Streptavidin-β-galactosidase was used at a 

final concentration of 150 pM. Limit of detection (LoD) was defined as blank + 3SD and was 

0.69 fg/ml for IFNα and 11 fg/ml for IFNγ. The assays were run on a 2-step configuration on 

the Simoa HD-1 Analyzer (Quanterix, US). 

 

Collection and isolation of cells for RNA-seq  
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One to two minor salivary glands (MSGs) were collected in Dulbecco modified Eagle medium 

(DMEM) supplemented with antibiotics, sodium pyruvate, nonessential amino acids, and 

glutamine. Glands were first minced with scissors and enzymatically digested at 37°C under 

rotating agitation (100 rpm) in DMEM containing 232 U/mL collagenase II (Worthington 

Biochemical, Lakewood, NJ) and 8 U/mL DNAse I (Sigma, St Louis, MO). After 2 washes in 

calcium- and magnesium-free PBS containing 1 mmol/L EDTA, cellular aggregates were 

resuspended in 0.5 mLTrypLE Express Enzyme (Gibco, Carlsbad, CA) and incubated for 2 

minutes at 37°C. Enzyme inactivation was achieved by dilution with 4 mL DMEM  immediately 

followed by gentle pipetting with a P1000 to facilitate cell dissociation. The resulting cell 

suspension was washed twice with medium supplemented with 0.8 U/mL DNAse I.  

Peripheral blood mononuclear cells (PBMCs) used for transcriptomic analysis were isolated 

from whole blood of pSS patients and healthy blood donors within 4 hours of blood draw. 

After isolation, cells were stained with DAPI Pacific Blue (LifeTechnologies) to identify dead 

cells. Staining was performed after saturation of Fc receptors by incubation with Fcblock 

(Miltenyi Biotec). CD45+ CD3+, CD4+, DAPI cells [CD4 lymphocytes], CD45+ CD3+ CD8+ DAPI– 

cells [CD8 lymphocytes], CD326 PE+ (Miltenyi Biotec) DAPI– cells [epithelial cells] in salivary 

glands and CD45+ CD19 PE Cy7+ (Biolegend) DAPI– cells [B lymphocytes] in salivary gland 

biopsy and in blood (excepting epithelial cells) were sorted with a FACS ARIA cell sorter (BD 

Biosciences). The list of the antibodies used in the experiments is presented in Supp Table 1. 

Sorted cells were frozen on dry ice and stored at -80°C until use.  

RNA extraction and cDNA preparation 

Samples werethawed on ice and RNA extraction was performed according to manufacturer’s 

instructions (PicoPure RNA Isolation Kit (Arcturus, Applied Biosystems, Foster City, Calif) with 
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the following modifications. Because of low yield of RNA expected for this type of samples, 

linear acrylamide (Ambion) was diluted in extraction buffer to be spiked-in to a final 

concentration of 20 ng/uL. RNA quality control was performed on the Agilent 2100 Bioanalyzer 

with the RNA 6000 Pico Kit (Agilent). RNASeq was performed by M. Mingueneau at Biogen, 

US. A 100pg amount of total RNA was used as input for cDNA preparation with the SMART-

Seq v4 Ultra Low Input RNA Kit (Clontech catalog # 634892). Universal Human Reference RNA 

(UHRR) was included in the experiment as a positive control, nuclease-free water used to 

dilute the samples as a negative control or non-template control (NTC). By using the 

concentrations derived from the Ribogreen assay, a normalization plate was made with a final 

concentration of 10.53 pg/uL per sample. cDNA was prepared according to the manufacturer’s 

instructions, except for the additional spike-in of 1 uL diluted ERCC RNA Spike-In Mix 

(ThermoFisher catalog #4456740) in each sample. After subtracting the averaged 

concentration of the ERCC spiked NTC from the sample concentration from the Bioanalyzer 

trace, cDNA samples were normalized to 125pg in 5L per sample.  

Library preparation and RNA-sequencing 

Library preparation used the Nextera XT DNA Sample Preparation Kit (Ilumina catalog # FC-

131-1096), and the Nextera XT Index Kit v2 Set A (catalog # FC-131-2001) and Set D (catalog # 

FC-131-2004), according to the manufacturer’s instructions. The High Sensitivity D1000 

ScreenTape Assay (Agilent catalog # 5067-5585 and # 5067-5584) was used on the Agilent 

4200 TapeStation system to check the libraries for base pair size and molarity. All samples 

were then pooled to a final concentration of 4nM in DNA LoBind Microcentrifuge Tubes 

(Eppendorf catalog # 022431048). The High Sensitivity DNA Assay (Agilent catalog # 5067-

4626) was used on the Agilent 2100 Bioanalyzer to analyze the pool which was then adjusted 
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with Buffer EB (Qiagen catalog # 19086). The 12.5 pM denatured library with 1% Phix spike-in 

was run on the MiSeq with MiSeq Reagent Kit v2 (50 cycles) (Illumina catalog # MS-102-2001), 

following the manufacturer’s instructions. The frequency of identified reads per index was 

used to adjust individual sample concentrations in the pool. The re-adjusted pool was then re-

bioanalyzed and rerun on the MiSeq by using the same kit and protocol. The same process of 

re-adjusting the pool with the new set of MiSeq index data and validation with the Bioanalyzer 

was done before running the pool on the Illumina HiSeq 2500 System. The 18pM denatured 

library with 1% Phix spike-in was clustered on the cBot with the HiSeq PE Cluster Kit v4 

(Illumina catalog # PE-401-4001), following Illumina’s HiSeq and GAIIx Systems Denature and 

Dilute Libraries Guide, and cBot System Guide, and run on the HiSeq with the HiSeq SBS Kit v4 

(Illumina catalog # FC-401-4002), following the HiSeq 2500 System Guide. 

 

PCR validation of RNA-seq differentially expressed genes  

To confirm the results from RNA-seq on sorted cells, the residual complementary DNA (cDNA) 

was transferred to a 48.48 Dynamic Array primed chip, and real-time PCR (RT-PCR) was run 

according to the Fluidigm protocol. Data were analyzed by using Fluidigm Real-Time PCR 

analysis software. Relative mRNA expression was determined from normalized Ct values with 

HPRT1 as housekeeping gene and the 2-Ct method. To compare means of the RT-PCR 

measurements, Mann-Whitney test was used. 

 

1. Rodero MP, Decalf J, Bondet V, Hunt D, Rice GI, Werneke S, et al. Detection of 

interferon alpha protein reveals differential levels and cellular sources in disease. J 

Exp Med. 2017;214(5):1547-55. 
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Supp Table 1: Enrichment pathway analysis of CD4 and CD8 T cells sorted from salivary 

gland biopsies and blood 

Ingenuity Canonical 

Pathway 

-log(p-

value) 
Genes 

CD4 T cells from salivary gland biopsies 

14-3-3-mediated 

Signaling 
4.12 

TUBA1B,CBL,TUBA1A,BAD,YWHAH,MAPK3,TSC2,TUBA4

A,PIK3CB,MAP2K1,PRKD3,PRKCZ 

IGF-1 Signaling 3.61 
BAD,YWHAH,MAPK3,PIK3CB,IGFBP5,IGFBP7,CYR61,SO

CS7,MAP2K1,PRKCZ 

Natural Killer Cell 

Signaling 
3.18 

KLRD1,MAPK3,INPP5B,FCER1G,PIK3CB,MAP2K1,PRKD3

,FCGR3A/FCGR3B,PRKCZ,CD300A 

CD4 T cells from blood 

Interferon Signaling 8.05 
IFIT3,IFIT1,OAS1,PTPN2,MX1,IFI6,STAT2,STAT1,TAP1,IF

NAR1,ISG15 

EIF2 Signaling 7.74 

RPS23,RPLP2,EIF4A2,RPL7A,EIF2S1,EIF3B,RPL13,UBA52,

SOS1,RPS9,RPL19,RPS2,RPS12,RPS3,RPL18,RPL3,PTPN11,

MT-

TM,RPL10,RPS27A,RPS25,RPS15A,RPL13A,RPS14,EIF3K 

Regulation of eIF4 and 

p70S6K Signaling 
4.48 

PPP2CA,RPS23,EIF4A2,EIF2S1,EIF3B,PTPN11,SOS1,RPS9,

RPS27A,RPS25,RPS15A,RPS2,RPS12,RPS3,EIF3K,RPS14 

Th1 and Th2 Activation 

Pathway 
3.67 

IL2RG,TNFRSF4,IL12RB1,HLA-

B,IL6R,MAF,LGALS9,PTPN11,ICOS,S1PR1,IL10RB,VAV1,IL

27RA,GATA3,STAT1,IFNAR1 

Th1 Pathway 3.04 

PTPN11,IL12RB1,HLA-

B,IL6R,ICOS,IL10RB,LGALS9,VAV1,IL27RA,STAT1,GATA3,I

FNAR1 

CD8 T cells from blood 

EIF2 Signaling 32.3 

RPL11,RPS27,RPS23,RPLP2,RPS11,EIF4G2,RPS20,RPL13,

RPS13,RPL23A,RPL19,RPL21,RPS2,RPL36,RPL32,RRAS,RP

L3,RPS8,RPL29,RPL37A,RPS6,RPL8,EIF4A3,CDK11A,RPL1

0,RPS15A,RPS25,RPL13A,RPL41,RPLP1,RPL36A,RPS18,RP

S4X,RPL27A,RPL35,RPL18A,UBA52,RPS9,RPS17,RPS12,RP

S5,RPS3,RPL18,RPS19,RPL4,RPL34,RPL17,RPL30,RPS10,F

AU,RPS15,RPS16,RPS27A,EIF2AK2,RPS14 

Regulation of eIF4 and 

p70S6K Signaling 
14.1 

RPS27,PPP2R2A,RPS23,RPS18,RPS4X,RPS11,RPS20,EIF4G

2,RPS13,RPS9,RPS2,RPS17,RPS5,RPS12,RPS3,RPS19,RRAS,

RPS8,RPS10,PPP2R5A,FAU,RPS6,RPS15,RPS16,PTPA,EIF4

A3,RPS27A,RPS15A,RPS25,RPS14 

mTOR Signaling 12.7 

RPS27,PPP2R2A,RPS23,RPS18,PRKAG1,RPS4X,RPS11,RPS

20,EIF4G2,RPS13,RPS9,RPS2,RPS17,RPS5,RPS12,RPS3,RP

S19,PLD3,RRAS,RPS8,RPS10,PPP2R5A,FAU,RPS6,RPS15,R

PS16,PTPA,EIF4A3,RPS27A,RPS15A,RPS25,RPS14 

Interferon Signaling 4.65 IFIT3,IFNG,OAS1,MX1,IFI6,STAT1,TAP1,ISG15 

Oxydative 

Phosphorylation 
3.08 

ATP5G2,MT-

ND1,NDUFB4,NDUFB11,NDUFS8,ATP5O,MT-

CO3,SDHC,CYB5A,MT-ND2,COX4I1 

Phagosome Maturation 3.05 

ATP6V0C,VPS39,HLA-

B,VAMP3,RAB7A,ATP6V1G1,ATP6V1A,TUBB,TAP1,NAPA,T

SG101,PRDX6,PRDX2 
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Supp Table 2: List of the antibodies used for FACS experiments  

ANTIBODY CONJUGATED 

FLUOROCHROME 

SOURCE 

Sorting of T CD4 and CD8 lymphocytes from salivary gland biopsies 

496-diamidino-2-phenylindole dihydrochloride 

(DAPI) 

Pacific Blue Life Technologies 

CD45 APC Vio770 BioLegend 

CD3 Alexa Fluor BioLegend 

CD4 APC BioLegend 

CD8 PerCpCy5 BioLegend 

IL-7 stimulated T lymphocytes   

CD3 FITC  BioLegend 

CD4 PerCp Cy5 BioLegend 

CD8a PE Cy5 BioLegend 

CD127 PE BioLegend 

CD25 APC BioLegend 

Fixable Viability Dye efluor 780 APC Cy7 Invitrogen 

Whole blood staining   

Ki67 B56   Biosciences 

FoxP3 259D  Beckman 

CD4 RPA-T4   Biosciences 

CD8 B9.11  Beckman 

CD127 R34.34  Beckman 

PD1 PD1.3  Beckman 

ICOS ISA-3  Beckman 
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Supp Figure 1: Experimental design of the study 
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Supp Figure 2: Gating strategy for circulating CD4 and CD8 T cells (CD127, PD1 and ICOS 

markers) analysis 
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Supp Figure 3: Percentage of IL7R+ CD4 and CD8 T cells stimulated by IL-7 on day 1 and 3. * 
p<0.05 
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A 

 

 

B 

 

Supp Figure 4: A: IL-7R expression in SGECs, B cells, CD8 and CD4 T cells sorted from biopsy 
and B cells, CD4 and CD8 T cells from blood of pSS patients and controls (RNA-seq analysis).  

B: Expression of IFN mRNA in SGEC, B cells CD4 and CD8 T cells sorted from salivary glands. 
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Supp Figure 5: T cells are activated by IL-7 stimulation. Percentage of CD25+ T lymphocytes 

stimulated by IL-7 on day 1 and 3 in CD4 T cells (A) and CD8 T cells (B) from pSS patients and 

controls combined. Percentage of CD25+ T lymphocytes stimulated by IL-7 on day 1 and 3 in 

CD4 T cells (C) and CD8 T cells (D) from pSS patients (orange) and controls (green) * p<0.05,*** 

p<0.001, **** p<0.0001.  
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Supp Figure 6:  Expression of IFN is increased in blood CD8 T cells from pSS patients as 

compared with controls. RNA-seq results of sorted CD4 and CD8 T cells from salivary gland 

biopsies and blood of pSS patients and controls.  

 


