Gene expression signatures from single-cell
transcriptomics predict Sjogren’s syndrome
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Increased cluster

The levels of CTLA-4* CD8"
Inhibitory T cells and TRDC Yo

T cells were significantly

elevated in SjS patients.
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Decreased cluster

Patients with Sjogren's syndrome l\
(SjS) have significantly reduced
levels of Naive CD8* T cells and

Helios FOXP3!° CD4" Treg cells
in their peripheral blood.
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Highlights

Upregulation of core genes

The expression levels of key genes
such as CD27, PSMBS8, HCLS1, LCK,
UQCRI10, and GIMAP4  were
significantly  upregulated in SjS
patients.

Model Development and
Validation

Based on single-cell transcriptome
sequencing (scRNA-seq) data, a
predictive model for the clinical
diagnosis of SjS was successfully

constructed and validated.
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Result 1: Single-cell transcriptome atlas and cell cluster
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Data Scale: 57,626 high-quality single-cell datasets were successfully captured and analyzed.
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Clustering Results: 22 initial clusters were identified and further integrated into 11 major cell populations.

Fine Annotation: Subpopulation Subpopulation subdivision of CD4" and CD8" T cells was emphasized, covering functional subtypes such as Naive, repressive, Treg, and yd T.

Validation Methods: The biological accuracy of cell population definitions was ensured by combining Nebulosa gene density plotting and characteristic gene heatmaps.
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O Core Cell Clusters:

1) The levels of Naive CD8* T cells (Cluster 3) and Helios FOXP3'* CD4" Treg cells (Cluster 17) were significantly ;)

decreased.
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2) The levels of TRDC 76 T cells (Cluster 15) and CTLA-4* CD8* T cells (Cluster 19) were significantly increased.

O Comprehensive Analysis: Taking Cluster 3 as an example, the standardized gene set selection has covered the

three key subpopulations: Cluster 17, Cluster 15, and Cluster 19.
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Result 2: Identification and Characterization of Core Cell Subpopulations
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Result 3: Computational Validation and External Dataset Evaluation

of Core Cell Subpopulations
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Single-Cell Level Scoring (AUCell)

High activity of characteristic genes in corresponding subpopulations (e.g., Naive CD8" and
CTLAA4" CD8" Inhibitory T cells) was determined by gene set scoring.
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Model Training and Screening (LASSO)

The most representative gene set was refined from the candidate genes highly

expressed in SjS using the LASSO regression algorithm.

Gene Set Variation Analysis (GSVA)

Validation was performed on 6 publicly available gene expression datasets. The GSVA scores of SjS

patients were consistently higher than those of the healthy group.




Result 4: Experimental Validation of Human Peripheral Blood
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Flow Cytometry (FACS) Analysis

*  Sample Size: PBMC samples from 11 SjS patients and 9 controls (non-SjS) were analyzed. » Sample Size: PBMC samples from 10 S;jS patients and 10 controls (non-SjS)
¢ Cluster Proportions: were analyzed.

1) Significantly decreased : C3 (Naive CD8"* T) and C17 (Helios FOXP3'° CD4* Treg). * Gene expression results: CD27, GIMAP4, HCLSI, LCK, PSMBS and
2) Significantly increased: C15 (TRDC 3 T) and C19 (CTLA-4" CD8" Inhibitory T) UQCRI10 were all significantly upregulated in the SjS group (p < 0.05).



Result 5: Gene Prediction Model Construction and Validation
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Conclusion: A prediction model (SjS.Sig) consisting of 12

core genes was finally refined.)
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Excellent discrimination was demonstrated in both
GSE84844 (AUC=0.88) and GSE143153 (AUC=0.84).
*  Conclusion: SjS.Sig is a biomarker with high clinical

translational potential.




Result 6: Remodeling of the SjS Intercellular Communication Map
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Outgoing interaction strength Outgoing interaction strength significantly reduced.

* Pathway Dissociation: The MHC-I signaling pathway showed selective attenuation, while MHC-II
remained stable, suggesting impaired immune homeostasis and recognition function.

1. Significantly Enhanced Overall Interaction Strength 3. Active State of Core Regulatory Subpopulations

» Signal Overload: The overall intercellular communication strength in the SjS group was significantly

* Enhanced Signaling: The interactions between TRDC yd T cells and CTLA-4* CD8" Inhibitory T cells
higher than that in the healthy control group (HCs).

and other cell populations were significantly enhanced.
* Pathological Background: Reflects the highly active immune signaling network and the maintenance

» Regulatory Role: Suggests that these key subsets play a central role in mediating SjS immune
of the pro-inflammatory microenvironment in disease states.

remodeling, chronic inflammation, and tissue damage.




D) Summary

1 Key Immunological Signature Identification: Deep analysis using scRNA-seq identified
Naive CD8" T cells, Helios FOXP3'° CD4* regulatory T cells, TRDC vé T cells, and
CTLA-4" CD8" mhibitory T cells as key cytological markers distinguishing SjS patients
from healthy controls.

(d Novel Predictive Model Construction: A novel predictive model, S;jS.Sig, comprising 12
core genes, was constructed using machine learning methods. This model demonstrated
robustness and excellent diagnostic efficacy in multiple independent clinical cohorts.

U Clinical Translation and Application Value: Flow cytometry, qPCR analysis, and Western
blotting (WB) confirmed that S;S 1s a highly sensitive molecular diagnostic and prognostic
tool, providing a theoretical basis for precision immunotherapy.
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