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Purpose: Systemic lupus erythematosus (SLE) is a complex autoimmune disease that seriously endangers human health. Long non- 
coding RNAs (lncRNAs) have been found to exhibit strong regulatory functions in cell physiology and maturation of dendritic cells 
(DCs). Hence, this study tried to reveal the underlying roles of one lncRNA, lncTAF15:1–1, in modulating DC functions and its 
involvement with CCL5 secretion in SLE pathogenesis.
Methods: The expression levels of lncTAF15:1–1 were measured using qPCR in cultivated monocyte-derived dendritic cells 
(moDCs). Flow cytometry, ELISA, and Transwell chamber experiments were performed to assess various biological functions of 
moDCs. RNA-seq analysis was conducted to investigate transcriptional alterations in cells overexpressing lncTAF15:1–1 and negative 
control cells. Gene Set Enrichment Analysis (GSEA) was utilized to predict potentially involved signaling pathways, which were 
subsequently confirmed by Western Blotting. Rescue experiments were carried out where the expression of lncTAF15:1–1 and PI3K/ 
AKT/mTOR pathway were altered simultaneously.
Results: LncTAF15:1–1 was significantly upregulated in moDCs from SLE patients, and it exhibited a positive correlation with SLE 
Disease Activity Index (SLEDAI) scores. Additionally, elevated levels of CCL5 were detected in both plasma and moDC supernatants 
of SLE patients. Overexpression of lncTAF15:1–1 stimulated moDCs to secrete higher levels of CCL5, and it enhanced the migration 
ability of moDCs as well as their capacity to attract CD4+ naïve T cells. GSEA analysis of RNA profiles indicated the potential 
involvement of the PI3K/AKT/mTOR pathway in lncTAF15:1–1 regulation, which was further validated by Western Blotting. The 
rescue experiments demonstrated that the effects of lncTAF15:1–1 on multiple functions of moDCs were attenuated when the PI3K/ 
AKT/mTOR pathway was disrupted.
Conclusion: This study elucidated the role of lncTAF15:1–1 in orchestrating DC migration and the recruitment of CD4+ T cells by 
enhancing CCL5 secretion through activating PI3K/AKT/mTOR pathway, which provides insights into potential molecular targets for 
SLE diagnosis and treatment.
Keywords: systemic lupus erythematosus, monocyte-derived dendritic cells, CCL5, long non-coding RNA

Introduction
Systemic lupus erythematosus (SLE) is a highly complex and heterogeneous chronic autoimmune disease characterized 
by the production of autoantibodies and deposition of immune complexes, causing systemic inflammation and tissue 
damage of multiple organs. Related clinical manifestations such as kidney involvement, and damage to the 
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musculoskeletal and cardiovascular system, can be severe or even life-threatening.1 In the overall population, the 
estimate from a golden standard model indicates an SLE prevalence of 43.7 (ranging from 15.9 to 108.9) per 
100,000 persons, affecting approximately 3.41 million people worldwide.2 Despite advances in understanding its 
pathogenesis, the precise mechanisms underlying SLE remain unclear. It is generally believed that environmental factors 
like infections and exposure to sunlight would trigger or exacerbate the disease in genetically susceptible individuals. 
Continuous production of autoantibodies, deposition of immune complexes, dysregulated lymphocyte signaling, and 
epigenetic modifications are all key mechanisms leading to the loss of immune tolerance and subsequent tissue damage in 
SLE patients.3–5

Multiple types of dysfunctional immune cells are proven to initiate and exacerbate the disease,6,7 while recent studies 
have highlighted the critical role of dendritic cells (DCs) in the pathogenesis of SLE.8 Dendritic cells are the most 
powerful professional antigen-presenting cells (APCs) in the immune system. The composition, localization, and 
functional alterations of DC subsets, along with the dysregulated activation of myeloid DCs (mDCs) and plasmacytoid 
DCs (pDCs), are closely associated with the onset and clinical manifestations of SLE.9 Additionally, the maturation of 
DCs subsequently facilitates the differentiation of effector T cells and enhances B cell production of autoantibodies in the 
germinal center (GC), which would consequently lead to the breakdown of immune tolerance and persistent tissue 
inflammation.10 Therefore, further elucidating the role of DC abnormalities in the pathogenesis of SLE could signifi
cantly enhance our understanding of the underlying mechanisms.

Long non-coding RNAs (lncRNAs) are a class of regulatory RNA molecules that do not code for proteins but have 
emerged as important regulators of gene expression and cellular function.11,12 Several lncRNAs, such as RP11-273G15.2 
and NONHSAT101022.2, have been identified as promising biomarkers for diagnosis, disease monitoring, and organ 
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involvement, with some also serving as potential therapeutic targets in SLE.12,13 Ongoing research is needed to fully 
understand their mechanisms and clinical applications in SLE. In our preliminary in vitro experiments, we compared the 
lncRNA expression profiles of monocyte-derived dendritic cells (moDCs) from SLE patients and healthy controls. This 
analysis revealed significant differences in the expression of several lncRNAs, including lncTAF15:1–1, which was 
notably upregulated in moDCs from SLE patients,14 but its specific role in immune regulation was unknown. Given the 
growing recognition of lncRNAs as critical regulators of immune cell function and autoimmune disease progression, this 
study aimed to investigate the functional impact of lncTAF15:1–1 on moDCs and its potential involvement in the 
pathogenesis of SLE. Building on emerging evidence linking lncRNA-mediated regulation to aberrant immune signaling 
in SLE, we employed molecular assays, including RNA sequencing and bioinformatics analyses, to identify the signaling 
pathways influenced by lncTAF15:1–1 and to elucidate its role in immune dysregulation.

Materials and Methods
Study Subjects
15 female SLE patients and 15 age and gender-matched healthy volunteers were recruited consecutively from the 
Department of Dermatology, Huashan Hospital of Fudan University. All patients met the 2019 American College of 
Rheumatology (ACR) revised criteria for the classification of SLE. Clinical characteristics including SLE Disease 
Activity Index (SLEDAI) were collected. The healthy volunteers did not have any history of autoimmune diseases. 
Written informed consent was obtained before the study initiation, and this study was approved by the Independent 
Ethics Committee of Huashan Hospital. All the experiments were conducted under the relevant ethical regulations of 
Huashan Hospital.

Cell Culture
Peripheral blood samples were collected in an EDTA-containing tube. Plasma from both patients and healthy individuals 
was initially collected by centrifugation, followed by Ficoll-Hypaque density gradient centrifugation to isolate peripheral 
blood mononuclear cells (PBMCs). CD14+ monocytes were separated through positive selection using EasySep™ 
Human CD14 Positive Selection Kit II (Cat#17858, STEMCELL, Vancouver, Canada) and were cultured for 7 days in 
RPMI-1640 supplemented with 1000 U/mL granulocyte-macrophage colony-stimulating factor (GM-CSF) (Cat#300-03, 
PeproTech, Rocky Hill, NJ, USA), and 1000 U/mL interleukin (IL)-4 (Cat#200-04, PeproTech). Cultured cells were 
further stimulated with 1 μg/mL lipopolysaccharide (LPS) (Cat#L6529, Sigma, St. Louis, MO, USA) at day 6 for 
maturation. The matured moDCs and corresponding cell supernatants were collected on day 7 of culture for subsequent 
experiments.

Cell Transfection
After being cultured for five days, immature moDCs were transfected with the adenovirus carrying the sequence of 
lncTAF15:1–1 (multiplicity of infection: 300) for upregulation. The empty adenovirus vector was transfected in parallel 
as a control. While the expression of lncTAF15:1–1 was downregulated using the RiboTM Smart Silencer system 
(RiboBio, Guangzhou, China). Three siRNAs and three antisense oligonucleotides (ASO) targeting lncTAF15:1–1 
were packed in the Smart Silencer (200 nM) and delivered via Lipofectamine RNAiMAX (3 μL, Thermo Fisher 
Scientific, Waltham, MD, USA) into 2×10^5 moDCs. Scrambled siRNAs and ASOs transfected were used as the 
negative controls.

RNA Extraction and Quantitative Real-Time PCR (qRT-PCR)
In brief, total RNA isolation from matured moDCs was conducted with a TRIzol reagent (Thermo Fisher Scientific). 
PrimeScript™ RT Master Mix kit (Cat#RR036B, Takara, Otsu, Japan) was used for reverse transcription. QRT-PCR was 
performed using TB Green™ Premix Ex Taq™ II kit (Cat#RR820B, Takara) on ABI 7500 Fast Real-time PCR System 
(ABI, Foster City, USA) or QuantStudio 6 Flex real-time PCR systems (Thermo Fisher Scientific), as the protocol 
instructed. All target RNA CT values were then normalized to the housekeeping genes glyceraldehyde-3-phosphate 
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dehydrogenase (GAPDH) or beta-actin (ACTB) using the ΔΔCT method. The sequences of oligonucleotides are in 
Supplementary File 1.

Elisa
CCL5 from blood plasma and cell supernatants was detected utilizing the Human CCL5/RANTES DuoSet (Cat#DY278, 
R&D, USA). All the steps were done following the manufacturer’s protocol. A seven-point standard curve using 2-fold 
serial dilutions was made to determine the protein levels of included samples based on the OD value. A duplicate of each 
standard and experiment sample was set.

Flow Cytometry
The collected cells were washed twice and then incubated with viability dye FVD780 for 30 minutes (Cat#65-0865-14, 
eBioscience, San Diego, CA, USA). Fc blocker (Cat#422301, Biolegend, San Diego, California, USA) was added to rule 
out nonspecific antigen binding. The antibody panel consisted of CD11c-APC (Cat#301613, Biolegend), CD14-PE 
(Cat#301805, Biolegend), CD40-Alexa Fluor 700 (Cat#334327, Biolegend), CD83-PE/Dazzle (Cat#305327, Biolegend), 
CD86-Brilliant Violet 510 (Cat#305431, Biolegend) and HLA-DR-PE-Cy7 (Cat#25-9952-42, Thermo Fisher Scientific). 
All these antibodies were mixed and added into moDCs for 30-minute incubation and then analyzed using a Fortessa 
cytometer (BD, New Jersey, USA). Aside from this surface marker panel for moDCs, the expression of CCR5-Brilliant 
Violet 421 (Cat#359117, Biolegend) was stained independently and identified following the same procedures. FlowJo 
(TreeStar, Inc., Ashland, OR, USA) was used to analyze the data.

Transwell Migration Assay
To evaluate moDCs’ migration capability, 600 μL of medium with 10% FBS was added into the lower compartment of 
5-μm-pore transwell chambers (Corning, NY, USA), while matured moDCs were added into the upper chamber. After 
12h incubation, the migrated cells stained with crystal violet staining solution could be observed under a microscope, and 
images were captured. The number of migratory moDCs was counted and then normalized to the area. To assess the 
migration ability of CD4+ naïve T cells, cell supernatants from mature moDCs were added to the lower chamber, while 
5×10^5 allogeneic CD4+ naïve T cells were incubated in the upper chamber for 3 hours, and the suspension from the 
lower chamber was collected. The migration of CD4+ T cells across the insert was quantified using flow cytometry and 
eBeads™ Counting Beads (Cat# 01–1234-42, Thermo Fisher Scientific). Migratory CD4+ T cells were resuspended and 
100 μL of counting beads were added. Given the known number of counting beads, the number of migratory cells was 
calculated accordingly.

Fluorescence in situ Hybridization (FISH)
The fluorescent probes and a FISH staining kit were designed and obtained from RiboBio. The detailed process included: 
collection of matured moDCs, PBS wash, fixation with 4% paraformaldehyde at room temperature for 10 minutes, and 
permeabilization using 0.5% Triton X-100 in PBS. After pre-hybridization at 37°C for 30 minutes, probes were added for 
incubation overnight. DAPI was utilized for nuclear staining before slide mounting and microscope scanning. U6 and 18s 
were considered as the nucleus and cytoplasm controls based on their specific intercellular sub-localization.

RNA Sequencing and Bioinformatic Analysis
RNA-seq was performed by OE Biotech Co., Ltd. (Shanghai, China). Total RNA from the vector and overexpressed 
group was extracted with a TRIzol reagent. CDNA libraries were prepared from isolated RNAs according to the 
manufacturer’s instructions and were sequenced on the Illumina sequencing platform (HiSeqTM 2500). Raw reads 
were mapped to the human reference genome using HISAT2. Differentially expressed genes (DEGs) were identified 
using the DESeq R package.15 A p-value < 0.05 and a fold change > 2 or change < 0.5 were set as the threshold for 
significantly differential expression. Hierarchical cluster analysis of DEGs was performed to explore gene expression 
patterns. GO enrichment and KEGG pathway enrichment analysis of DEGs were respectively performed using R based 
on the hypergeometric distribution.16 A list of differentially expressed genes present in lncTAF15:1–1 overexpressed 
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moDC groups compared to vector groups (P value < 0.05 while fold change > 2 or fold change < 0.5) was shown in 
Supplementary File 2.

Protein Extraction and Western Blotting
Western blotting was performed under standard procedures. Briefly, cells treated with PI3K activator 740 Y-P (Cat#1236188- 
16-1, MedChemExpress, Monmouth Junction, NJ, USA) and inhibitor LY294002 (Cat#HY-10108, MedChemExpress) 
accordingly were lysed in RIPA buffer containing protease inhibitor and phosphatase inhibitor (Beyotime, Nanjing, China). 
The protein lysate was analyzed by 10% SDS-PAGE, followed by protein transfer to the PVDF membrane. The membrane 
was then incubated with primary antibodies against AKT (Cat#60203-2-Ig, Proteintech, Chicago, IL, USA), p-AKT 
(Cat#9271T, Cell Signaling Technology, Danvers, MA, USA), PI3K (Cat#67071-1-Ig, Proteintech), p-PI3K (Cat#17366, 
CST), mTOR (Cat#66888-1-Ig, Proteintech), and p-mTOR (Cat#5536T, CST) overnight at 4°C, washed, and incubated with 
appropriate secondary antibodies at room temperature for 1 h. The blots on the membrane were captured using ECL and 
analyzed by ImageJ. Antibody against GAPDH was used as a loading control.

Statistical Analysis
R software, corresponding R packages, and GraphPad Prism 9 were utilized for statistical analysis. The differences 
between two groups were assessed using Student’s t-test (two-tailed) for normally distributed data with equal variances, 
while for comparisons in three groups, one-way ANOVA was applied. For non-parametric data, the Mann–Whitney test 
or Kruskal–Wallis test was utilized. Pearson correlation or Spearman correlation was calculated to evaluate the associa
tion between two parameters. The results are presented as the mean ± SEM (p < 0.05 indicated statistical significance).

Results
LncTAF15:1-1 Was Highly Expressed in moDCs from SLE Patients and Positively 
Correlated with Disease Activity
In this study, we included a cohort of 15 SLE patients and 15 matched healthy controls. Detailed clinical information for 
the subjects was summarized in Table 1. It was found that the expression level of lncTAF15:1–1 in moDCs from SLE 

Table 1 Clinical Characteristics of Included SLE Patients

Characteristics SLE (n=15)

Sex, male/female (n) 0/15
Age (years) 41.3±3.5

Duration (months) 2 (1–15)

RBC (10^12) 3.7±0.2
WBC (10^9) 4.1 (2.42–10.54)

Hemoglobin (g/L) 108.3±6.2

Platelet count (10^9) 170.8±18. 2
ESR (mm/h) 24.9±4.9

Urine protein, yes/no (n) 5/10
SLEDAI score 10.1±1.9

ANA>1:320, yes/no (n) 15/0

Anti-dsDNA (IU/mL) 463.6±83.1
Abnormal (low) complement C3, yes/no (n) 7/8

Abnormal (low) complement C4, yes/no (n) 7/8

Organ involvement, yes/no (n) 13/2
Glucocorticoids, yes/no (n) 14/1

Immunosuppressive drugs, yes/no (n) 0/15

Notes: Data are presented as median (range), and mean±SEM. 
Abbreviations: ANA, antinuclear antibody; SLE, systemic lupus erythema
tosus; SLEDAI, systemic lupus erythematosus disease activity index; RBC, red 
blood cell; WBC, white blood cell; ESR, erythrocyte sedimentation rate.
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patients was higher and significantly correlated with SLEDAI scores (r=0.57; p=0.03; Figure 1A and B). When the 
patients were divided into two sub-groups based on their SLEDAI scores, increased expression levels of lncTAF15:1–1 
were observed in moDCs from patients with SLEDAI scores above fifteen compared to those with lower scores 
(Figure 1C). In addition, a negative association between lncTAF15:1–1 and WBC counts in SLE patients was revealed 
(rs=−0.54; p=0.04; Figure 1D). Since WBC count is an important indicator for assessing disease activity in SLE, the 
negative regulatory relationship between lncTAF15:1–1 and WBC further supported the clinical relevance of 
lncTAF15:1–1. All these findings encouraged us to further explore the possible regulation of lncTAF15:1–1 on the 
functions of moDCs.

Regulation of lncTAF15:1-1 Influenced CCL5 Secretion in moDCs
To ascertain the specific role of lncTAF15:1–1, its expression level was artificially regulated and verified when the adenovirus 
or Smart Silencer was transfected into the moDCs (Figure 2A and B). The functional changes of moDCs were then 
comprehensively assessed, including the levels of pro-inflammatory cytokine secretion, cellular viability, migratory capacity, 
and the expression of surface markers. It was found that overexpression of lncTAF15:1–1 led to an increase in CCL5 mRNA 
expression (Figure 2C). While other associated inflammatory cytokines (IL-2, IL-10, IL-12A, IL-17, TNF-α, IFN-α1, IFN-γ, 
Blys, and APRIL) did not show any significant rises (Supplementary File 3A). Likewise, when the lncTAF15:1–1 was 
downregulated, the expression of CCL5 decreased (Figure 2D). Consistent with transcript levels, CCL5 protein secretion 
followed a similar pattern (471.9±45.81 vs 859.4±38.47 pg/mL, 657±25.13 vs 353±30.75 pg/mL; Figure 2E and F). The 

Figure 1 LncTAF15:1–1 was highly expressed in moDCs from SLE patients and positively correlated with disease activity. (A) The expression levels of lncTAF15:1–1 in 
moDCs from SLE patients and healthy controls (12 vs 12) were measured by qRT-PCR. (B) Correlation of lncTAF15:1–1 expression levels with SLEDAI scores was assessed 
(r=0.57; p=0.03). (C) The comparison of lncTAF15:1–1 levels between SLEDAI<15 patients and SLEDAI≥15 patients was made. (D) Correlation of lncTAF15:1–1 expression 
levels with WBC counts was assessed (rs=−0.54; p=0.04). Unpaired t-test (two-tailed) and Mann–Whitney test were applied. Pearson correlation (r) or Spearman 
correlation (rs) was calculated to evaluate the association between two parameters. Data were shown as the mean ± SEM. *p<0.05, **p<0.01. 
Abbreviations: MoDCs, monocyte-derived dendritic cells; SLEDAI, systemic lupus erythematosus disease activity index; WBC, white blood cell.

https://doi.org/10.2147/JIR.S527528                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Inflammation Research 2025:18 10394

Xiang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/527528/527528%20Revised%20Supplementary%20Material.pdf


secretion levels of CCL5 were then measured in the SLE patients vs healthy controls, and it revealed that the plasma level of 
secreted CCL5 was significantly higher in SLE patients (7717±699.8 vs 3601±639.6 pg/mL; Figure 2G). A similar increase of 
CCL5 levels between healthy controls and patients was observed in the supernatant of moDCs (383.1±49.75 vs 1424±193.4 
pg/mL; Figure 2H).

Given the potential role of CCL5 in moDC migratory functions, we further assessed moDC migration using the 
Transwell migration assay. It was found that when lncTAF15:1–1 was elevated, the number of migratory moDCs rose and 
vice versa (Figure 2I). Furthermore, the capacity of moDC supernatants to attract CD4+ T cells was assessed. 
Supernatants from moDCs with overexpressed lncTAF15:1–1 (adeno-OE) showed a heightened capacity to attract 
CD4+ T cells compared to those from control moDCs (adeno-V). Conversely, a reduction in CD4+ T cell migration 
was observed when lncTAF15:1–1 was downregulated (Figure 2J).

Further assessments of moDC functions were conducted to provide a comprehensive understanding of the role of 
lncTAF15:1–1. The vitality of moDCs was examined after viral transfection to exclude the possibility that adenovirus 
might alter the cell viability. The results demonstrated that there was no apparent distinction between the vector and 
overexpression groups (Supplementary File 3B). The surface markers on moDCs were also analyzed, and no significant 

Figure 2 Regulation of lncTAF15:1–1 influenced CCL5 secretion in moDCs. (A and B) The expression level of lncTAF15:1–1 was artificially modulated by the transfection of 
adenovirus or Smart Silencer and confirmed using qRT-PCR. (C–F) Alterations of the expression of lncTAF15:1–1 resulted in corresponding changes in mRNA expressions 
and secretion levels of CCL5. (G and H) The secretion levels of CCL5 in the blood plasma (15 vs 15) and moDCs cell supernatant (12 vs 12) were compared between SLE 
patients and healthy controls. (I) The migratory ability of moDCs was assessed using Transwell chambers, and comparisons were made between adeno-V, adeno-OE, NC, 
and SS groups. The number of migratory moDCs was counted and normalized to the area. (J) The capacity of supernatant from moDCs to attract CD4+T cells was 
evaluated using Transwell assay. The migratory CD4+T cell numbers were quantified by flow cytometry. Unpaired t-test (two-tailed) or Mann–Whitney test was applied. 
Data were from at least three independent experiments and shown as the mean ± SEM. *p<0.05, **p<0.01, ***p<0.001,****p<0.0001. 
Abbreviations: MoDCs, monocyte-derived dendritic cells; OE, overexpression; NC, negative control; SS, Smart Silencer.
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changes were found (Supplementary File 3C and D). The expression of CCR5 on matured moDCs was also evaluated by 
flow cytometry, with no significant changes observed between the vector vs overexpression groups and NC vs SS groups 
(Supplementary File 3E).

The PI3K/AKT/mTOR Pathway Was Pivotal in the Immune Modulation by 
lncTAF15:1-1
To further elucidate the specific transcriptomic effects of lncTAF15:1–1 on moDCs, we performed RNA-seq analysis on 
cells overexpressing lncTAF15:1–1 and their corresponding control group. As shown in Figure 3A and B, 488 
differentially expressed genes were identified between the vector and lncTAF15:1–1 overexpressed moDC groups, 
including 140 down-regulated and 348 up-regulated genes. In addition, GO function enrichment analysis indicated that 
these differentially expressed genes in the lncTAF15:1–1 overexpressed group were related to different pathways 
(Figure 3C), for example, biological processes such as “regulation of leukocyte activation”, “positive regulation of 
cytokine production”, “leukocyte cell-cell adhesion” and so on. The GSEA plot showed that the PI3K/AKT/mTOR 
signaling pathway was activated in the lncTAF15:1–1 overexpressed group (Figure 3D). Detailed expression matrix 
between the overexpressed group and vector was uploaded as Supplementary File 2.

Western blotting was performed to verify the involvement of the PI3K/AKT/mTOR signaling pathway in 
lncTAF15:1–1 regulation (Figure 3E). The expression levels of p-PI3K, p-AKT, and p-mTOR were all substantially 
higher in lncTAF15:1–1 overexpressed group than in the vector group, which could be reduced by PI3K inhibitor 
LY294002 (Figure 3E). Meanwhile, the knockdown of lncTAF15:1–1 inhibited PI3K pathway activity, as evidenced by 
the downregulation of phosphorylated PI3K, AKT, and mTOR. The inhibition could be restored by PI3K activator 
740 Y-P.

LncTAF15:1-1 Regulated moDCs Migration and Their Attraction for CD4+ T Cells 
Through CCL5 Secretion by Activating the P13K/AKT/mTOR Pathway
Further rescue experiment was carried out when the pathway was disrupted with PI3K activator 740 Y-P and inhibitor 
LY294002 to demonstrate whether lncTAF15:1–1 could potentially increase the expression of CCL5 through the PI3K/ 
AKT/mTOR pathway. It was found that the mRNA expression levels and secretions of CCL5 were lowered upon the 
addition of the PI3K inhibitor compared to the adeno-OE group (Figure 4A and B). Conversely, the introduction of the 
pathway agonist restored the reduced levels of CCL5 induced by the downregulation of lncTAF15:1–1 (Figure 4C and D). 
Similarly, regarding the migratory ability of moDCs, similar trends were observed. The augmented migration capacity of 
moDCs in the OE group was attenuated with the addition of the inhibitor, whereas the pathway activator could ameliorate 
the reduced migration capacity in the SS group (Figure 4E). Additionally, the impact of disrupting the PI3K/AKT/mTOR 
pathway on the ability of moDCs to attract CD4+ T cells was assessed. The results demonstrated that inhibition of the 
pathway led to a decrease in the number of migratory CD4+ T cells compared to the adeno-OE group. Conversely, induction 
of the PI3K activator 740 Y-P resulted in an increase in the attraction for CD4+ T cells by moDC-derived supernatant 
(Figure 4F). These findings support the hypothesis that lncTAF15:1–1 was involved in regulating CCL5 secretion and 
migration of moDCs via the PI3K/AKT/mTOR pathway. Understanding the subcellular localization of this lncRNA can 
further elucidate its functional roles within moDCs. The results of FISH revealed that lncTAF15:1–1 was sub-localized in 
both the nucleus and cytoplasm (Figure 4G).

Discussion
This study is the first to reveal the critical role of lncTAF15:1–1 in the pathogenesis of SLE. We found that lncTAF15:1–1 
activates the PI3K/AKT/mTOR pathway, promoting the secretion of CCL5 by moDCs, enhancing their migratory ability, 
and recruiting more CD4+ T cells to participate in the immunopathological process of SLE. This finding highlights the 
role of a novel lncRNA, expands our understanding of its specific function, and provides new insights into the 
pathogenesis of SLE.
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Figure 3 PI3K/AKT/mTOR pathway was pivotal in the immune modulation of lncTAF15:1–1. (A and B) Volcano plot and heatmap suggested the 488 differentially expressed 
genes between the vector (control) and lncTAF15:1–1 overexpressed moDC groups (treat), including 140 down-regulated and 348 up-regulated genes. (C) GO function 
enrichment analysis indicated that these differentially expressed genes were related to different pathways. (D) GSEA plot showed that the PI3K/AKT/mTOR signaling 
pathway was activated in the lncTAF15:1–1 overexpressed group (FDR q-value = 0.233, nominal p-value = 0.012). (E) PI3K inhibitor LY294002 and activator 740 Y-P were 
used to disrupt the PI3K/AKT/mTOR pathway and the levels of AKT, p-AKT, PI3K, p-PI3K, mTOR and p-mTOR were measured and quantified by Western Blotting. 
Abbreviations: moDCs, monocyte-derived dendritic cells; OE, overexpression; NC, negative control; SS, Smart Silencer.
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Figure 4 LncTAF15:1–1 regulated the migration of moDCs and induced CD4+ T cell recruitment through CCL5 secretion by activating the P13K/AKT/mTOR pathway. (A and B) The 
PI3K/AKT/mTOR pathway inhibitor LY290042 was administered in conjunction with the adenovirus, followed by the assessment of mRNA expression and secretion levels of CCL5, in 
comparison with the OE group. (C and D) The PI3K/AKT/mTOR pathway activator 740 Y-P was added together with the Smart Silencer and then the mRNA expression and secretion 
of CCL5 were measured compared with the SS group. (E) Transwell assay was performed to compare the migratory capacity of moDCs when the PI3K/AKT/mTOR signaling pathway 
was disrupted. The number of migratory moDCs was counted and normalized to the area. (F) The capacity of supernatant from moDCs to attract CD4+ T cells was compared when 
the lncTAF15:1–1 expression and the PI3K/AKT/mTOR pathway were regulated. The migratory CD4+T cell numbers were quantified by flow cytometry. (G) Intercellular 
sublocalization of lncTAF15:1–1 was determined by FISH. 18s and U6 were considered as the positive control of cytoplasm and nucleus. One-way ANOVA or Kruskal–Wallis test 
was applied. Data were from at least three independent experiments and shown as the mean ± SEM. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. 
Abbreviations: MoDCs, monocyte-derived dendritic cells; OE, overexpression; NC, negative control; SS, Smart Silencer.
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Recent advances in non-coding RNAs (ncRNAs) have expanded our understanding of epigenetic regulation of 
both innate and adaptive immune responses and inflammatory diseases.17 Non-coding RNAs are generally defined as 
a heterogeneous group of transcripts that cannot encode proteins, including long non-coding RNAs (lncRNAs) with 
at least 200 nucleotides in length,18 microRNAs (miRNAs), and others. Accumulating evidence has highlighted the 
pivotal regulatory roles of ncRNAs in the loss of immune tolerance and tissue damage in individuals with SLE.19 

For instance, studies have found that linc00513 is increased in PBMCs and renal tissues of SLE, which could 
positively regulate the type I IFN pathway by promoting the phosphorylation of STAT1 and STAT2.20 Another 
lncRNA, growth arrest-specific transcript 5 (Gas5), located on chromosome 1q25.1, has been identified as an SLE- 
susceptibility locus.21 Functional studies have revealed that Gas5 binds to the DNA-binding domain of glucocorti
coid receptors and blocks its binding to glucocorticoid response elements, which could influence the metabolic state 
of cells and induce apoptosis, thus leading to antigen exposure and autoantibody production in SLE.22 Therefore, 
identifications of abnormal expression patterns of lncRNAs in SLE patients would provide new insights into the 
diagnosis and therapeutic targets for SLE.

To date, this is the only article that elucidated the potential function of lncTAF15:1–1 in autoimmune disease. 
This study confirmed the upregulation of lncTAF15:1–1 in moDCs derived from SLE patients and identified its 
impact on the involvement of moDCs in SLE. LncTAF15:1–1 was located on chromosome 17, which was 662bp 
in length. The study findings also revealed that lncTAF15:1–1 functioned as an upstream modulator inducing the 
secretion of CCL5. In SLE, several studies have demonstrated that an increased level of CCL5 is one of the 
prominent immune characteristics in patients. Serum CCL5 levels show strong associations with clinical para
meters in SLE patients, and persistently elevated urinary levels of CCL5 serve as predictors of renal flares.23,24 

Notably, in CCL5-deficient MRL/lpr lupus mice, lupus-related peribronchial pulmonary lesions were significantly 
relieved and a reduction in the size of lymph nodes was also observed.25 The migratory cDCs exhibit heightened 
production of CCL5, which is crucial for recruiting and guiding CCR5-expressing monocytes to the draining 
lymph nodes.26 Furthermore, CCL5 plays a significant role in promoting the migratory capacity of cDCs, thereby 
facilitating their accumulation within the tumor microenvironment. This accumulation is associated with the 
execution of anti-tumor functions by cDCs and correlates with favorable patient outcomes.27 These findings 
collectively suggest that CCL5 is a pivotal chemokine in DC biology, particularly in the context of DC migration. 
Our study extends these findings to moDCs, revealing that increased secretion of CCL5 promotes moDC 
migration, which might represent a novel target for intervention in SLE. Additionally, we identified that the 
lncRNA lncTAF15:1–1 regulated the secretion of CCL5, offering a more comprehensive understanding of the 
lncRNA/chemokine/moDCs axis. The maturation of activated DCs usually involves migration to a draining lymph 
node and the priming of T cells. In this process, the abundant chemokines secreted by matured DCs could increase 
the circulating numbers and recruitment of proinflammatory CD4+T cells. For instance, in our previous study, we 
found that moDCs in patients with SLE in their active phase secreted higher levels of IL-6, CCL2, and CCL5, and 
the enforced expression of miRNA miR-142-3p in moDCs could affect moDC-CD4+ T cell interaction through 
inhibiting the proliferation of CD4+CD25+Foxp3+ Tregs.28 The activated CD4+ T cells would subsequently 
provide cognate help to self-reactive B cells, leading to the production of pathogenic autoantibodies and 
continuously amplified autoimmunity of SLE.29

Our study identifies lncTAF15:1–1 as an upstream regulator that influences the migration and pro-inflammatory 
function of moDCs through the PI3K/AKT/mTOR pathway. This finding aligns with growing evidence that non-coding 
RNAs are key regulators in immune responses and may serve as therapeutic targets.30 Targeting lncTAF15:1–1 may thus 
offer a novel strategy for SLE treatment, adding translational relevance to our work. Additionally, the PI3K/AKT/mTOR 
pathway is a well-recognized inflammatory signaling axis involved in various autoimmune diseases, including SLE.31,32 

While current studies in SLE primarily focus on its role in disease pathogenesis, numerous small-molecule inhibitors 
targeting this pathway are already under development in fields such as oncology and neurodegenerative diseases.33 Our 
findings further support the therapeutic potential of modulating this pathway in SLE, highlighting its promise as a target 
for future intervention.
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Despite the novel findings of this study, several limitations should be acknowledged. First, the sample size used in 
this study was relatively small, which may limit the generalizability of the results. Future studies with larger cohorts, 
particularly involving SLE patients at different disease stages, are necessary to validate our findings. Second, the 
current experiments were primarily conducted in vitro, which may not fully recapitulate the complex microenviron
ment in vivo. Therefore, additional in vivo studies, such as using SLE mouse models, are essential to confirm the 
functional role of lncTAF15:1–1 in disease pathogenesis. Third, while we identified the PI3K/AKT/mTOR pathway as 
a key downstream target of lncTAF15:1–1, the precise molecular mechanisms by which lncTAF15:1–1 regulates this 
pathway remain unclear. Further investigations, including RNA-protein interaction assays and epigenetic analyses, are 
needed to elucidate the detailed regulatory mechanisms. Addressing these limitations in future research will not only 
strengthen the validity of our findings but also pave the way for developing lncTAF15:1-1-based diagnostic and 
therapeutic strategies for SLE.

Conclusion
Our study has revealed that the elevated levels of lncTAF15:1–1 in SLE patients can enhance the CCL5 secretion of 
moDCs via PI3K/AKT/mTOR signaling pathway, and subsequently augment the migratory capabilities of moDCs with 
attraction for CD4+ T cells recruitment downstream. These findings can assist in understanding the pathophysiology of 
SLE along with offering novel insights into potential diagnosis and therapy strategies.
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