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GO and KEGG terms were screened based on Q < 0.05.

FIGURE 8 | Analysis of target mMRNAs of DELs. (A) Venn diagram showing that 952 of the 4102 target genes were differentially expressed in SLE patients.

(B) Coexpression network of DELs and their target genes. The coexpression network consisted of 1575 nodes and 2269 edges. Each node represents a DEL or a
mRNA, while each edge represents one interaction between DELs and DETGs. Red diamond, upregulated IncRNA; green hexagon, downregulated INcRNA; orange
ellipse, upregulated mMRNA; blue ellipse, downregulated mRNA. (C) Top 30 GO enrichment terms of target genes. Most of the DETGs were related to the nucleus
and transcription regulation. (D) Pathway enrichment of DETGs. These pathway terms involved several pathways such as the NOD and p53 signaling pathways. All

we propose that the IncRNA NONHSAT101022.2 may enhance
the signal transduction of p2-AR by cis-regulating LMBRD2,
which activates NK cells to produce high levels of IFN-vy, thereby
exacerbating SLE. More experiments, both in vitro and in vivo,
are needed to verify this hypothesis.

Next, we analyzed the sequencing results as a whole using a
variety of bioinformatics methods. GO and KEGG enrichment
analyses showed that the upregulated genes were mainly enriched
in the immune and inflammation response and complement
and coagulation cascades signaling pathway. These results are
consistent with some of the known pathogenesis of SLE. SLE
is caused by chronic and repeated activation of the immune

system, accompanied by the production of antibodies and other
protein products that contribute to inflammation and tissue
damage (Han, 2012). Moreover, some defects of complement
pathway gene products, including C2, C3, C4 and Clgq, play
an important role in the pathogenesis of lupus (Leffler et al.,
2014; Macedo and Isaac, 2016). Interestingly, the TGF-f and
JAK-STAT signaling pathways were significantly enriched for the
downregulated genes. It has been reported that reduced serum
and urine TGF-B1 levels are associated with renal damage in SLE
patients (Jin et al., 2012; Vanarsa et al., 2020). Type I-II IFN, one
of the pathogenic key signatures of SLE, triggers activation of the
JAK-STAT pathway (Aue et al., 2020). This suggests that both
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FIGURE 9 | Analysis of the subnetwork of the 10 hub DELs. (A) Top 30 IncRNAs with the highest degrees in the DEL-DETG coexpression network. More important
transcripts have a higher degree in the topology network. (B) Subnetwork of 10 hub DELs and their target genes. This subnetwork consisted of 10 IncRNAs, 279
mRNAs, and 423 edges. Each edge represents one interaction between DELs and DETGs. Red diamond, upregulated INcRNA; green hexagon, downregulated
INcRNA; orange ellipse, upregulated mRNA; blue ellipse, downregulated mRNA. Pink line, positive regulation; green line, negative regulation; dashed line, cis
regulation; solid line, trans regulation. (C) Five pathways of 279 DETGs. Subnetwork analysis helps us to better understand the function and mechanism of the
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pathways play an important role in the pathogenesis of lupus.
Further experiments on the genes involved in these two pathways
may shed more light on the pathogenesis of lupus.

Studies have found that the function of a IncRNA may be
related to the genes with which it interacts (Quinodoz and
Guttman, 2014; Engreitz et al., 2016; Yao et al., 2019). Another
key role of IncRNAs is to act as miRNA sponges. Therefore,
we constructed a IncRNA-miRNA-mRNA network based
on the ceRNA hypothesis (Salmena et al, 2011). We have
identified several verified miRNAs based on the ceRNA network,
including miR-150-5p, miR-128-3p and miR-146a-5p, which are
dysregulated in SLE patients and associated with the disease
activity level of SLE (Su et al., 2018; van den Hoogen et al., 2018;
Zeng et al.,, 2018). We propose that the NONHSAT099004.2-
miR-128-3p-ERG, MSTRG.85559.41-miR-150-5p-ITGB3
and MSTRG.34071.2-miR-146a-5p—-FAXDC2 axes may play
stimulative roles in the disease activity and severity of SLE.

Gene Ontology and KEGG enrichment analyses of DETGs
indicated that some of these IncRNAs are nuclear IncRNAs,
which can act as key regulators of gene expression. All protein-
coding genes and a large number of IncRNAs are transcribed

by RNA polymerase II in eukaryotic genomes (Schier and
Taatjes, 2020). In turn, IncRNAs can regulate RNA polymerase
IT activity by interacting with initiation complexes, thus exerting
a transcriptional regulation function. IncRNAs can also regulate
proteins by regulation of protein translation, transport and
localization (Yao et al, 2019). ADAMI0, one of the genes
enriched in cellular protein localization, has been reported to
mediate the cleavage of AXL receptor tyrosine kinase in PBMC
of SLE patients, exacerbating the progression of lupus (Orme
et al., 2016). Consequently, the IncRNA MSTRG.23249.3 and its
target gene ADAMI0 may be a regulatory axis involved in the
progression of SLE. Moreover, we constructed a sub-network that
consisted of 10 hub IncRNAs and 279 DETGs. These DETGs
were mostly enriched in herpes simplex virus type 1 infection, the
TGF-beta signaling pathway, and the intestinal immune network
for IgA production. Viral infection, especially with Epstein—-Barr
virus, can lead to SLE through the type I interferon pathway (Han,
2012). Herpes simplex virus type 1 infection may also activate
the type I interferon pathway similarly to Epstein-Barr virus, and
lead to the occurrence of disease. The other signaling pathway,
the intestinal immune network for IgA production, is enriched
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by IL-10, IL-15, and LTBR (lymphotoxin beta receptor). B cell
abnormalities are another signature of SLE, which lead to the
production of a large number of autoantibodies (such as IgG,
IgM, and IgA) and cytokines (Dorner and Lipsky, 2016). IL-10 is
a significant anti-inflammatory cytokine in autoimmune disease.
It has been reported that B cells producing IL-10 can inhibit the
development of lupus in a mouse model (Scapini et al., 2011). In
our IncRNA expression profile, we found that IL-10 is one of the
target genes of the IncRNA MSTRG.100048.9. We suggest that the
MSTRG.100048.9-IL-10 axis is an important component of the
abnormal activation of B cells in SLE.

In future studies, we will pay more attention to the
NONHSAT101022.2-LMBRD2-B2-AR-NK  Cell-IFN-y  axis,
NONHSAT099004.2-miR-128-3p-ERG, MSTRG.85559.41-miR-
150-5p-ITGB3 and MSTRG.34071.2-miR-146a-5p-FAXDC2
axes, MSTRG. 23249.3-ADAM1I0, and MSTRG.100048.9-IL-10
axes, which will help us to better understand the mechanism of
these IncRNAs involved in the pathogenesis of SLE. In addition,
the verification and mechanism study of ten hub IncRNAs were
also an important part of further study. We will also collect more
PBMC samples from SLE patients and divide them into different
cell subsets, such as T cells, B cells, NK cells and monocytes, for
separate verification of the expression of these IncRNAs, so as to
better understand their accurate cell localization and function.
Another limitation of this paper is the relatively small number of
samples used for validation. Large prospective cohort studies are
also needed in future.

CONCLUSION

In conclusion, we found many differentially expressed novel
IncRNAs in PBMCs from patients with SLE. The function
and regulatory mechanisms of these IncRNAs were analyzed
by bioinformatic methods. The IncRNA NONHSATI101022.2
is significantly downregulated in SLE patients and is also
significantly related to the disease activity and severity.
Additionally, we propose that NONHSAT101022.2 may enhance
the signal transduction of B2-AR by cis-regulating LMBRD?2,
which induces NK cells to produce high levels of IFEN-vy, thereby
exacerbating SLE.
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