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Purpose: Systemic lupus erythematosus (SLE) is a typical autoimmune disease characterized by the involvement of multiple organs 
and the production of antinuclear antibodies. This study aimed to investigate the molecular mechanism of SLE.
Patients and Methods: We retrieved genome-wide gene expression levels from five public datasets with relatively large sample 
sizes from the Gene Expression Omnibus (GEO), and we compared the expression profiles of peripheral blood mononuclear cells 
(PBMCs) from SLE patients and healthy controls (HCs). The expression of seven target genes in PBMCs from 25 cases and 3 HCs 
was further validated by reverse-transcription quantitative PCR (RT‒qPCR). Flow cytometry was used for verifying the proportion of 
naive CD4(+) T cells and M2 macrophages in PBMCs from 5 cases and 4 HCs.
Results: We found 14 genes (TRIM5, FAM8A1, SHFL, LHFPL2, PARP14, IFIT5, PARP12, DDX60, IRF7, IF144, OAS1, OAS3, 
RHBDF2, and RSAD2) that were differentially expressed among all five datasets. The heterogeneity test under the fixed effect model 
showed no obvious heterogeneity of TRIM5, FAM8A1, and SHFL across different populations. TRIM5 was positively correlated with 
the remaining 13 genes. By separating patient samples into TRIM5-high and TRIM5-low groups, we found that up-regulated genes in 
the TRIM5-high group were mainly enriched in virus-related pathways. Immune cell proportion analysis and flow cytometry revealed 
that naive CD4(+) T cells were significantly decreased while M2 macrophages were increased in the SLE group. TRIM5 expression 
levels were negatively correlated with naive CD4(+) T cells but positively correlated with M2 macrophages.
Conclusion: Our data indicated that TRIM5 might be a key factor that modulates SLE etiology, possibly through naive CD4(+) 
T cells and M2 macrophages.
Keywords: differential gene expression analysis, gene, virus, autoimmune disease

Introduction
Systemic lupus erythematosus (SLE) is a typical autoimmune disease characterized by impaired apoptotic clearance, 
innate and adaptive immune system activation, complement activation, immune complex formation, and tissue inflam-
mation, which culminate in a self-sustained autoimmune process.1 Genetic, environmental, hormonal, and immunor-
egulatory factors are involved in its pathogenesis,2 while the exact molecular mechanisms have not been fully revealed.

In SLE, there is a familial aggregation of SLE, RA, and autoimmune disease in general.3,4 With the rapid develop-
ment of modern genetic technologies, more than 100 valuable SLE susceptibility genes/regions have been identified 
through genome-wide association studies (GWAS) and whole exome microarray studies.5 The products of these 
susceptibility genes have significantly altered functions in SLE and contribute to the pathogenic process. For example, 
deficiencies in the human complement factors C1q, C2, or C4 cause a large percentage of individuals to develop systemic 
lupus erythematosus or lupus-like symptoms. The genes encoding complement factors C2 and C4 are located within the 
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gene cluster of MHC III class loci that have been identified as SLE-susceptible loci.6,7 The majority of the identified SLE 
susceptibility genes encode products of innate and adaptive immunity, and three key immune pathways specifically 
participate in SLE pathogenesis: clearance of apoptotic cells and immune complexes; activation of Toll-like receptor 
(TLR), type I interferon (IFN) and NF-κB signaling pathways; and multiple dysfunctions in T-/B-cell signaling.8

Gene expression studies, together with genetic linkage and association studies, greatly facilitated our understanding of 
the pathogenesis of SLE.9 The use of transcriptomic sequencing and RNA microarray techniques has become an 
indispensable tool for monitoring the levels of gene expression in a given organism through the organization, analysis, 
interpretation, and utilization of biological sequences.10 Immune cells, including macrophages, neutrophils, dendritic 
cells (DCs), basophils, and lymphocytes, play important roles in the pathogenesis of SLE. Even with a great number of 
studies, the exact extent to which these factors promote the onset of SLE is largely unknown. Combining gene expression 
data with immune cells by immune cell analysis may help us to explore the relationship between genetics and 
autoimmunity and better illustrate the pathogenesis of SLE.

Viruses are considered as a major environmental factor that triggers the autoimmune phenomenon in genetically susceptible 
individuals. Quite a few studies suggest that viruses are implicated in the pathogenesis of SLE.11–16 It has long been known that 
certain sources of infection may lead to the development of autoimmunity, especially SLE, and these sources of infection include 
Epstein‒Barr virus (EBV), cytomegalovirus (CMV), human endogenous retrovirus (HERV) and others.17,18 Ultraviolet (UV) 
light is a known trigger of skin and possibly systemic inflammation in SLE. UVB-induced HERV-associated dsRNA transcrip-
tion and subsequent activation of the innate antiviral RIG-I/MDA5/IRF7 pathway led to downstream transcription of interferon- 
stimulated genes, which promotes type I IFN production.19 In SLE patients, dysregulation of HERV-E members has been found 
to mimic viral infection and further stimulate IFN response and the production of antibodies against nuclear components.20 The 
immune system is capable of maintaining tight control of Human Herpes Virus (HHV) infections in immune competent 
individuals, and cell-mediated immunity is fundamental in this regard.21 Clinical, epidemiological, and molecular data suggest 
the involvement of HPV infection in the pathogenesis of SLE. The possibility of an immune cross-reaction is supported by the 
large peptide identity of the HPV L1 protein to the human protein associated with SLE.22

Although there has been a large number of studies on SLE, the exact mechanism of the pathogenesis of SLE is not 
very clear. Here, by exploring public GEO datasets, we aim to investigate the genes involved in the pathogenesis of SLE 
and how they contribute to the development of SLE, expanding our understanding of disease initiation and development.

Materials and Methods
Patient Selection
Thirty sex-, ethnicity- and age-matched SLE patients and seven HCs were recruited at the First Affiliated Hospital of 
Anhui Medical University (Supplementary Table S1). Patients met the 2012 Systemic Lupus Collaborating Clinics for 
SLE. All subjects were female, 38±20 years old, with SLEDAI scores ranging from 4 to 14 in SLE patients. The study 
was conducted in accordance with the Declaration of Helsinki and approved by the Biomedical Ethics Committee of 
Anhui Medical University (Approval number 20180217). All participants provided written, informed consent.

Dataset Collection
We searched the NCBI Gene Expression Omnibus (GEO) database and selected GSE45291, GSE61635, GSE100163, 
GSE110169, and GSE121239, which have relatively larger sample sizes, for further analysis. Raw expression data of 
human blood cells from SLE patients and healthy controls were obtained from the publicly accessible GEO repository. 
Data on Sjogren’s syndrome and dermatomyositis were obtained from two classic blood transcriptional datasets: 
GSE84844 (30 cases with Sjogren’s syndrome, 30 HCs) and GSE100152 (40 cases with Juvenile dermatomyositis, 9 
HCs). Clinical features, including age, sex, grade, and histological type, were also extracted from GEO.23

Differential Gene Expression Analysis
We compared the gene expression of PBMCs from SLE patients and healthy subjects in each GEO dataset separately 
using differential expression analysis. For each dataset, we applied the same criteria: FDR-adjusted P value was analyzed 
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to correct for false-positive results. “Adjusted P < 0.05 and Fold Change >1.5” were defined as the thresholds, and genes 
were defined as differentially expressed genes (DEGs). We then overlapped the DEGs from all five datasets and 
ultimately identified genes as the core gene list. The heterogeneity tested in the fixed effect model was performed by 
R Package DExMA.

For the TRIM5 function analysis, we separated the SLE samples from GSE45291 into 25% quartile high and low 
expression samples and then compared the expression levels between the TRIM5-high and TRIM5-low groups. The 
R package Limma (version: 3.40.2) was used for identifying the differentially expressed genes.

Functional Gene Characterization and Pathway Identification
We characterized the up-regulated genes utilizing publicly available information from databases including the Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway and the Gene Ontology (GO) Database. The R ClusterProfiler 
package (version: 3.18.0) in R was employed to analyze the GO function of potential targets and perform KEGG pathway 
enrichment. A volcano plot was constructed with log2 (FC) on the X-axis against -log10 (FDR adjusted P value). Each 
dot represents a single individual. A heatmap plot was drawn by the R pheatmap package.

Immune Cell Enrichment Analysis
The xCell algorithm was used for evaluating the abundance and types of immune cell cells in the selected three datasets. 
The xCell algorithm allowed us to perform the enrichment analysis of 64 immune and stromal cell types (including CD4 
(+) T cells, CD8(+) T cells, B cells, NK cells, neutrophils, and macrophages). Webtool was used for constructing 
a statistical model to analyze the immune cell subtypes, and it is a signature-based method that has been trained on 
thousands of pure cell types from various sources.24 The three selected GSE datasets were used for distinguishing the 
content of various cells and their relationship to SLE (GSE45291, GSE110169, GSE121239).

RNA Extraction and Reverse-Transcription Quantitative PCR (RT‒qPCR)
Total RNA was extracted from PBMCs and reverse-transcribed with a MonScriptTM RTLLL ALL-in-One kit 
(MR05101M, Monad Biotech Co., Ltd, Wuhan, China). The expression of mRNA was determined using MonAmpTM 
ChemoHS qPCR Mix (SYBR Green, Low ROX) (MQ00401S, Monad Biotech Co., Ltd, Wuhan, China) according to the 
manufacturer’s instructions. The relative expression levels of the target genes were calculated using the comparative Ct 
method. GAPDH was used as an internal control to normalize the sample differences (detailed sequences of primers are 
shown in Table 1). The RT‒qPCR was conducted as follows: 95°C for 10 minutes, a total of 40 cycles of 95°C for 10 
seconds, and 60°C for 30 seconds. The relative gene expression levels were evaluated by the 2−∆∆CT method.

Flow Cytometry
PBMCs were isolated from blood treated with the anticoagulant EDTA by layering over Ficoll lymphocyte fluid (17- 
1140-02 Ficoll PaqueTM PLUS, GE Healthcare, Sweden) and density gradient centrifugation at 400 × g. Two hundred 
microlitres of PBMC samples were then stained with a set of specific monoclonal antibodies (mAbs) (FITC Rat Anti- 
CD11b [M1/70, 561688, BD Pharmingen]; Alexa Fluor 647 Rat Anti-Human CCR7 [CD197, 3D12, 557734, BD 
Pharmingen]; PE-Cy7 Mouse Anti-Human CD45RA [HI100, 560675, BD Pharmingen]; PE Mouse Anti-Human 
CD206 [19.2, 555954, BD Pharmingen]; PerCP-Cy5.5 Mouse Anti-Human CD3[SP34-2, 552852, BD Pharmingen]; 
BV510 Mouse Anti-Human CD4[SK3, 562970, BD Pharmingen]) against surface markers and incubated at 4 °C for 30 
minutes. The red blood cells (RBCs) in the mixture were lysed using Lysing Buffer solution (BD Biosciences, San Jose, 
CA, USA). Then, 250 µL of the reagent from the Sulfixation/Permeabilization Kit (BD Biosciences, San Jose, CA, USA) 
was added and incubated in the dark at 4 °C for 40 minutes. Finally, an intracellular staining antibody against CD68 
(BV421 Mouse Anti-Human CD68[Y1/82A, 564943, BD Pharmingen]) was added and incubated in the dark at 4 °C for 
45 minutes. The residual white blood cells were analyzed by flow cytometry, and the percentage of these immune cells 
was calculated by FlowJo10.8.1 data analysis software (FlowJo, Ashland, OR USA). All statistical analyses were 
performed using R Version 4.1.2.
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Results
Data Mining Revealed That TRIM5 Was Associated with SLE
We first retrieved five genome-wide gene expression datasets from public GEO databases. In all, a total of 593 SLE and 161 
control samples were included. To identify SLE-related differentially expressed genes, we separately compared the expression 
patterns between the patient and control groups. Using FDR-adjusted P < 0.05 and Fold Change >1.5 filtering strategy, we 
finally observed 341, 1108, 1422, 466, and 384 DEGs in GSE121239, GSE100163, GSE61635, GSE45291, and GSE110169, 
respectively. By overlapping five DEG panels, 14 genes (TRIM5, FAM8A1, SHFL, LHFPL2, PARP14, IFIT5, PARP12, 
DDX60, IRF7, IFI44, OAS1, OAS3, RHBDF2, and RSAD2) showed the same up-regulation trend and were identified as the 
core gene list (Figure 1A and B). The five GEO samples were from different ethnic populations, and they potentially exhibited 
heterogeneity among studies. We further carried out the heterogeneity analysis to minimize confounding factors. For the 14 
genes, the TRIM5, FAM8A1, and SHFL genes showed no obvious heterogeneity across the five databases (I2 = 0, P > 0.05, 
Figure 1B). We selected TRIM5 for further analysis in that it was the top gene without heterogeneity (P = 0.56). Interestingly, 
TRIM5 showed a positive correlation with the remaining 13 genes in the largest database GSE45291 (correlation coefficient > 
0.5), suggesting that these 14 genes might cooperatively play roles in disease development (Figure 1C). We then asked 
whether TRIM5 was uniquely constricted in SLE etiology. We extracted TRIM5 expression data from two other types of 
connective diseases, Sjogren’s syndrome and dermatomyositis. In Sjogren’s syndrome (GSE84844), TRIM5 was substantially 
down-regulated in the patient group (P = 3.0E-6), while in dermatomyositis (GSE100152), TRIM5 was significantly up- 
regulated in the patient group, suggesting that TRIM5 was not commonly associated with connective diseases (Figure 1D). In 
summary, we found that the high expression of TRIM5 contributed to the pathogenesis of SLE.

TRIM5-Related Genes are Associated with Virus Infection Pathways
We then investigated the function of TRIM5 and the associated signaling pathways using the GSE45291 dataset. Two 
hundred and ninety-two SLE samples were divided into four quartiles. The differentially expressed genes were identified 
with higher TRIM5 expression (top 25% quartile) and those with lower TRIM5 expression (bottom 25% quartile) 
(Supplementary Table S2). We found 251 up-regulated genes and 93 down-regulated genes in the upper 25% quartile 
samples (Figure 2A). The top three up-regulated genes were RSAD2 (log(FC) = 4.98, Padjusted = 6.03E-50), IFI44 (log(FC) 
= 4.21, Padjusted = 3.04E-49) and HERC5 (log(FC) = 3.96, Padjusted = 3.04E-49). The top three down-regulated genes were 
CD1C (log(FC) = −1.17, Padjusted = 4.08E-14), SLC25A6 (log(FC) = −0.85, Padjusted = 8.99E-14) and SLC26A11 (log(FC) = 

Table 1 Detailed Sequences of Primers

Gene Forward Primer Reverse Primer

RSAD2 TTGGACATTCTCGCTATCTCCT AGTGCTTTGATCTGTTCCGTC

IFI44 GGTGGGCACTAATACAACTGG CACACAGAATAAACGGCAGGTA

HERC5 GGCCTTATCCATGTCTGGCAA ACCACAAGCGACAAATTCAACTT

CD1C CCAGAATACAACATGGGTGCC TCTGTGACGCCTTCATACTGA

SLC25A6 CAGCGGACGTGGGAAAGTC TTGGCCGTATCGTACACGC

SLC26A11 CCGCTGTTCGACACCAAGAT AGGATGCCGTACTGCACCT

TRIM5 AAGTCCATGCTAGACAAAGGAGA GTTGGCTACATGCCGATTAGG

GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG

Abbreviations: cDNA, DNA complementary to RNA; mRNA, messenger RNA; TRIM, Tripartite motif; FAM8A1, family with sequence 
similarity 8, member A1; SHFL, shiftless antiviral inhibitor of ribosomal frameshifting; LHFPL2, lipoma HMGIC fusion partner-like 2; 
PARP14, Poly-ADP ribose polymerase-14; IFIT5, interferon-induced protein with tetratricopeptide repeats 5; PARP12, Poly-ADP-ribose- 
polymerase 12; DDX60, DEXD/H box helicase 60; IRF7, Interferon regulatory factor 7; IFI44, interferon-induced protein 44; OAS, 2’- 
5’oligoadenylate synthetase; RHBDF2, Rhomboid family member 2; RSAD2, Radical S-adenosyl methionine domain containing 2; HERC5, 
HECT domain and RCC1-like domain-containing protein 5; CD1C, human CD1 protein C; SLC25A6, solute carrier family 25, member 6; 
SLC26A11, solute carrier family 26, member 11.
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−0.86, Padjusted = 2.26E-13) (Supplementary Table S3). The heatmap revealed that the top 50 up- and down-regulated genes 
can successfully separate TRIM5-high and TRIM5-low samples, indicating that these genes can be considered as good 
markers for group separation (Figure 2B). KEGG pathways showed that the 263 up-regulated genes were significantly 
enriched in “Viral protein interaction with cytokine and cytokine receptor” and some virus-associated signaling pathways, 
such as “Influenza”, “Herpes simplex virus 1 infection”, “Epstein−Barr virus infection” and others. This phenomenon was 
confirmed by the enriched GO terms “viral life cycle”, “type I interferon signaling pathway” and “response to virus” 
(Figure 2C and D). When analyzing the KEGG and GO enrichment results of the SLE-associated up-regulated genes, we 
found that these virus-associated pathways or GO terms were also shown in GSE121239, suggesting that the TRIM5-high 
group reflects some features of SLE (Supplementary Table S4, Supplementary Figures S1–S2). Gene Set Enrichment 
Analysis (GSEA) analysis also showed ‘Viral protein interaction with cytokine and cytokine receptor’ pathway was 
enriched in the TRIM5-high group (Figure 2E, P = 0.03). Furthermore, TRIM5 expression clearly separated case and 
control groups with AUC = 0.93 in GSE45291 (Figure 2F).

Figure 1 TRIM5 was associated with SLE. (A) Venn plot showed 14 core genes with increased expression in SLE patients from GSE121239, GSE100163, GSE61635, 
GSE110169, and GSE45291. (B) The logFC and adjusted P values of 14 core genes in five public datasets were shown. The heterogeneity test was under the fixed effect 
model. The genes were ranked by decreasing heterogeneity. (C) The correlation scores between the 14 target genes were shown. (D) The expression levels of TRIM5 were 
compared between cases and controls. GSE84844 and GSE100152 are for Sjogren’s syndrome and dermatomyositis, respectively.
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Figure 2 Expression profiles of TRIM5-high and -low groups in GSE45291. (A) The volcano plot showed differentially expressed genes (DEGs) between TRIM5 25% quartile higher 
samples and 25% quartile lower samples. The green dots represent DEGs with fold change <-1.5, red dots represent DEGs with fold change >1.5, adjust P <0.05. (B) Heatmap indicates 
the top 50 up-regulated and down-regulated DEGs significantly separate SLE and control groups. (C and D) KEGG and GO enrichment analysis. The x-axis represents the enrichment 
ratio, which is the ratio of the number of target genes belonging to a pathway divided by the number of all the annotated genes located in the pathway. The size of the dot indicates the 
number of target genes in the pathway. (E) GSEA enrichment analysis showed the “Viral protein interaction with cytokine and cytokine receptor” pathway was significantly enriched in 
the TRIM5-high group. (F) Receiver operating characteristic (ROC) analysis was used for assessing the diagnostic value of TRIM5 in GSE45291 (AUC score = 0.93).
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Differentially Expressed Genes Were Confirmed by RT-qPCR
To verify our findings, we first collected RNA of PBMC from 3 controls and 25 SLE patients, and further separated 
patients into TRIM5-higher and TRIM5-lower groups according to the expression level of TRIM5. The up-regulated 
expression of RSAD2, IFI44, and HERC5, as well as the down-regulated expression of CD1C and SLC25A6 in the 
TRIM5-higher group of SLE, was confirmed in validation samples (Figure 3). However, SLC26A11 showed increased 
expression in the TRIM5-higher group, which disagreed with public datasets. Interestingly, the expression of some 
TRIM5-related DEGs presented a similar trend in SLE patients, such as the most prominent genes, RSAD2, IFI44, IFIT5, 
OAS3, and OAS1, indicating that TRIM5 dysfunction reflects some features of SLE pathogenesis (Figure 4).

TRIM5 Was Associated with Decreased Naive CD4(+) T Cells and Increased M2 
Macrophages
SLE is a type of autoimmune disorder with strongly aberrant immune cells. PBMCs are composed of a variety of 
heterogeneous cells, which distinguish the content of various cells and their relationship to SLE. Understanding the 
cellular heterogeneity in PBMCs will help us better reveal disease etiology. To determine the function of TRIM5, we 
performed immune cell analysis using the xCell algorithm to enrich more than thirty types of immune or stromal cells 
from the RNA expression dataset. We first calculated immune cell abundance for these thirty-six cell types and finally 
obtained immune scores for samples in GSE45291, GSE121239, and GSE110169 (Supplementary Tables S5-S7). In all 
three datasets, the proportion of naive CD4(+) T cells was decreased while that of M2 macrophages was increased in SLE 
samples (Figure 5A). Specifically, the proportions of naive CD4(+) T cells were 4.2% ± 3.4% and 6.8% ± 2.6% in SLE 
and control groups from GSE45291 (PGSE45291 = 3.2E-4). The decreased proportion of naive CD4(+) T was further 
confirmed in GSE121239 and GSE110169 (PGSE121239 = 3.2E-4 and PGSE110169 = 1.1E-10 respectively). The proportions 
of M2 macrophages in GSE45291 were 1.6% ± 1.8% and 0.3% ± 0.8% in case and control groups (PGSE45291 = 8.0E-7). 

Figure 3 Expression of the top up-regulated and down-regulated genes. The gene expression levels of (A) IFI44, (B) RSAD2, (C) SLC26A11, (D) CD1C, (E) SLC25A6 and 
(F) HERC5 in TRIM5-higher and TRIM5-lower group of SLE patients. *P <0.05, **P<0.01 by Student’ t-test.
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Figure 4 Differential expression of 5 selected genes (RSAD2, IFI44, IFIT5, OAS3, and OAS1) in TRIM5-lower, TRIM5-higher, SLE, and control groups from three datasets. 
(A-C) Differential expression of RSAD2, (D-F) Differential expression of IFI44, (G-I) Differential expression of IFIT5, (J-L) Differential expression of OAS3, (M-O) 
Differential expression of OAS1. The X-axis represents different groups, and the Y-axis represents the gene expression levels of selected genes. GSE110169 (left), GSE61635 
(middle) and GSE45291 (right) were shown. **P<0.01, ***P<0.001, ****P<0.0001 by Student’ t-test.
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The increased proportion of M2 macrophages was also observed in GSE121239 and GSE110169 datasets (PGSE121239 = 
4.4E-12 and PGSE110169 = 1.8E-10 respectively).

Moreover, we were surprised to find that TRIM5 expression was negatively correlated with naive CD4(+) T cells in 
SLE samples from almost all three datasets (PGSE45291 = 5.2E-6, PGSE121239 = 0.04, respectively, Figure 5B). Similarly, 
TRIM5 expression levels were positively correlated with M2 macrophages in SLE samples (PGSE45291 = 3.6E-4, 
PGSE110169 = 1.3E-3, Figure 5C). TRIM5 expression showed no obvious correlation with naive CD4(+) T cells or M2 
macrophages in HC samples, indicating that TRIM5 might modulate disease etiology through these cells.

Altered Proportions of Naive CD4(+) T Cells and Increased M2 Were Confirmed by 
FACS
To confirm these findings, freshly isolated PBMCs from HCs (n = 4) and SLE patients (n = 5) were analyzed by 
fluorescence-activated cell sorting (FACS). We then conducted a detailed analysis of naive CD4(+) T cells and M2 
macrophages in PBMCs of HCs and SLE patients (Figure 6A). Specifically, we observed increased M2 macrophages and 
decreased naive CD4(+) T cells in SLE patients (Figure 6B and C). The proportions of naive CD4(+) T cells among CD4 

Figure 5 Immune cell enrichment analysis in three selected GSE files. (A) X-axis represents GSE datasets, Y-axis indicates the proportions of naive CD4(+) T cells (left), M2 
macrophages (middle), and immune scores (right). Blue bins represent cases, and red represent healthy controls. (B) X-axis showed the expression levels of TRIM5, Y-axis 
represents the proportion of naive CD4(+) T cells in GSE110169 (left), GSE121239 (middle), and GSE45291 (right). The blue dots represent the case group, and the red 
dots represent the control group. (C) X-axis showed the expression levels of TRIM5, Y-axis represents the proportion of M2 macrophages in GSE110169 (left), GSE121239 
(middle), and GSE45291 (right). The blue dots represent the case group, and the red dots represent the control group.
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(+) T cells were 26.2% ± 10.1% and 46.7% ± 7.3% in SLE and control groups. Similarly, the proportions of M2 
macrophages in macrophages were 4.26% ± 2.99% and 0.84% ± 0.15% in case and control groups.

Due to the FACS gating strategy, we could also check the proportions of total CD4(+) T cells, effector memory CD4(+) 
T cells, and total macrophages in collected samples. Interestingly, there was also an increase in the proportion of macrophages 
in patients with SLE, but the decrease in total CD4(+) T cells was not statistically significant (Figure 6D and E). In addition, the 
proportion of effector memory CD4(+) T cells was increased in SLE patients (Supplementary Figure S3). The proportion of 
CD4(+) T cell subsets in SLE was significantly changed.

Discussion
In this study, we found that TRIM5 was highly expressed in PBMCs of SLE patients. The expression of TRIM5 was 
positively correlated with the other 13 indicated genes, and TRIM5 might be associated with viral infection. 
Deconvolution of the immune cell revealed the high expression of TRIM5 in SLE was associated with the decrease of 
naive CD4(+) T cells and the increased M2 macrophages.

Figure 6 Proportions of naive CD4(+) T cells and M2 macrophages in PBMCs of SLE and control groups. (A) The gating strategy for naive CD4(+) T cells and M2 
macrophages in PBMCs. CD4(+) T cells: CD3+CD4+; naive CD4(+) T cells: CD3+CD4+CD45RA+CCR7+; macrophages: CD11B+CD68+; M2 macrophages: CD11B 
+CD68+CD206+. Representative flow cytometry plots show naïve CD4(+) T cells (B) and M2 macrophages (C) of PBMCs in HCs (n = 4) and SLE (n = 5). Absolute 
numbers of CD4(+) T cells, naive CD4(+) T cells (D), and macrophages, M2 macrophages (E). *P < 0.05. 
Abbreviation: ns, no significance.
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The tripartite motif protein family (TRIM) constitutes a class of immune-regulated proteins with antiviral, immune, 
cancer, and other properties reminiscent of those ascribed to autophagy. Trim proteins directly antagonize viruses by 
targeting viral components.25 Trim5 proteins, including Trim5-alpha and Trim-Cyp, are known to possess antiretroviral 
activity against many different retroviruses.26 As an antiviral restriction factor, TRIM5 prevents retroviral infection 
shortly after the virion core enters the cytoplasm, mainly by recognizing the capsid protein of the virus with its 
PRYSPRY domain in Trim5-alpha.27 Previous studies revealed that TRIM5 functions as a ubiquitin E3 ligase, which 
acts with the E2 ligase ubiquitin-conjugating enzyme UBC13–UEV1A (also known as UBE2N–UBE2V1) to catalyse the 
synthesis of unattached K63-linked ubiquitin chains that activate the TAK1 (MAP3K7) kinase, NF-κB, and AP-1 
signaling, leading to the transcription of inflammatory cytokines and chemokines that are involved in the regulation of 
autoimmune diseases, such as SLE. Moreover, TRIM5-induced transcriptional activity was enhanced by retroviral 
infection and interaction with the capsid lattice.28 TRIM5 might also promote K48-linked ubiquitination and proteasomal 
degradation by acting with the viral protease NS2B/3.29 Several studies have revealed that the Trim protein is involved in 
modulating TLR- and cGAS-STING-related pathways, and human type I IFN can induce the expression of TRIM5-alpha 
in human cell lines.25,30 These pathways have been implicated in SLE immunity.31

Our study also suggested that RSAD2, IFI44, and HERC5 were up-regulated, while CD1C, SLC25A6, and 
SLC26A11 were down-regulated in the TRIM5-high group. In a previous study, IFI44, HERC5, and RSAD2 played 
vital roles in the pathogenesis of lymph nodes, while these genes were mainly enriched in the defense response to the 
virus and type I interferon signaling pathway.32 In addition, CD1C has been demonstrated to have a lower expression 
level in the peripheral B-cell transcriptomes of patients with quiescent lupus than in B-cell transcriptomes from healthy 
controls.33 A study of a weighted gene coexpression network analysis (WGCNA) on publicly available CD4+ T-cell 
microarray datasets for pemphigus and lupus confirmed that RSAD2 was significantly up-regulated as a hub gene in both 
diseases.34 In the comparison between SLEDAI > 6 lupus patients and subjects without lupus, the interferon-related 
genes IFI44 and RSAD2 were hypomethylated; the analysis of RT‒qPCR gene expression data confirmed these findings 
and showed that the epigenetic susceptibility to lupus may be related to the SLEDAI score.35 Given the correlation 
between TRIM5 and these genes in our study, TRIM5 may be involved in the pathogenesis of SLE by regulating the 
expression of genes related to the type I interferon signaling pathway.

Based on the potential relationship between SLE and viral infection, we suspected that autoimmunity might be 
triggered by the cumulative effect of repeated infections. Several pathogenic mechanisms are thought to trigger the 
activation of autoreactive T cells and B cells, and it is speculated that these mechanisms are mediated by a variety of 
infectious agents.36 Changes in specific microRNA expression in infected B lymphocytes may lead to the production of 
autoantibodies.37 Several studies indicate that increased infectious exposure during infancy may be associated with an 
increased likelihood of being ANA positive in adult life.38 Repeated viral infection may enhance the transcriptional 
activity of TRIM5, which induces and enhances the expression of lupus-related genes (RSAD2, IFI44, and HERC5) and 
promotes SLE autoimmunity.

Findings from other groups suggested that TRIM family members might modulate SLE development by impairing the 
immune system. For example, the expression of TRIM21 in the PBMCs of SLE patients is increased. The central role of 
TRIM21 in the regulation of inflammatory cytokines and type I IFN production suggests that it may be a central player in 
the establishment of autoimmunity.39 TRIM scores were reported to be significantly associated with immune cells, 
especially follicular helper T cells, CD8(+) T cells, activated NK cells, and M1 and M2 macrophages, in cancer.40 

Immune cells play a crucial role in viral infection, and given that the TRIM5-encoding protein is associated with viruses, 
TRIM5 may function in SLE through the regulation of immune cells. TRIM5’s restriction role was in a cell-type specific 
manner, which has been revealed by HIV-1 infection.41 We analyzed the proportion of immune cells in SLE and found 
that naive CD4(+) T cells were significantly decreased, while M2 macrophages were increased in the SLE group. 
Although a low percentage of naive CD4(+) T cells has been described, little is known about M2 macrophages in SLE.42 

Further analysis revealed that TRIM5 showed a negative correlation with the proportion of naive CD4(+) T cells and 
a positive correlation with the proportion of M2 macrophages. Monocytes/macrophages contribute to autoimmune events 
in rheumatic diseases, such as rheumatoid arthritis (RA) or systemic lupus erythematosus (SLE).43
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It seems that TRIM5 may regulate the development of SLE through M2 macrophages. In previous studies, M2 
macrophages have been considered anti-inflammatory regulatory cells that are well characterized in lupus pathogenesis. 
M2 macrophages ensure the inhibition of ongoing autoimmunity in SLE patients by secreting anti-inflammatory 
cytokines such as TGF-β, IL-10, and IL-13. M2 macrophages are more prominent in patients with inactive SLE and 
can reduce the severity of SLE.44,45 Interestingly, in allergy, there are some pieces of evidence that basophils may 
contribute to M2 polarization, which may contribute to CD4 polarization and concomitant (auto) antibody production, 
and basophils have been shown to play a role in SLE.46,47 Some TRIM genes (TRIM14/PUB, TRIM20/MEFV, TRIM35/ 
MAIR) have been reported to be expressed in macrophages and are suggested to be involved in immune responses.48 

How TRIM5 is associated with macrophages has not been clearly investigated, but recent findings indicated that 
macrophages differentiated from TRIM5 knockout induced pluripotent stem cells (iPSCs) were more sensitive to HIV 
infection in vitro.49 This finding leads us to think TRIM5 plays dynamic roles in a cell-type specific manner.

SLE involves immune abnormalities in a wide variety of cell populations, including B and T lymphocytes, mono-
cytes, and natural killer cells.9 A decrease or increase in the expression of a gene may occur because of differences in cell 
populations between the SLE patients and normal controls, instead of the expression differences of the gene itself. The 
intragroup differences in the expression of target genes (RSAD2, IFI44, HERC5, CD1C, SLC25A6, and SLC26A11) in 
the RT‒qPCR results may be due to the correlation between these genes and TRIM5, which is expressed at different 
levels in different SLE samples. In this study, due to the limitations of short sample storage time and a large volume of 
blood required, RT‒qPCR and flow cytometry could not be performed on the same sample, resulting in the inability to 
properly verify the correlation between TRIM5 and immune cells. These limitations also led to a restricted number of 
SLE patients (n=30) and HCs (n=7). We have successfully demonstrated the correlation between TRIM5 and SLE, but 
how TRIM5 works in SLE has not yet been confirmed. Single-cell sequencing of SLE patients and healthy controls could 
further elucidate the role of M2 macrophages and naive CD4(+) T cells in SLE. Gene knockout animal models can be 
used to correctly validate our hypothesis and to explore the mechanism by which TRIM5 functions in SLE.

Conclusion
We identified the correlation between TRIM5 and SLE disease as well as several up-regulated genes IFI44, HERC5, and 
RSAD2 in the group with high expression of TRIM, and TRIM5 is associated with the defense response to the virus and 
the type I interferon signaling pathway. Analysis of expression data from the blood of SLE patients revealed that TRIM5 
may regulate the occurrence of SLE by activating M2 macrophages and inhibiting naive CD4(+) T cells.
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