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Abstract
Objective
Long noncoding RNAs (IncRNAs) are reported to play crucial roles in several physiological and biological processes.
However, knowledge of IncRNAs in children with systemic lupus erythematosus (cSLE) remains limited. We investigate
IncRNA expression profiling of c¢SLE and explore the potential function of IncRNAs.

Methods
LncRNA and mRNA microarrays were performed to identify changes in IncRNA and mRNA expression between children
with SLE and paired healthy children. Quantitative polymerase chain reaction (qPCR) validated these results. A Gene
Ontology (GO) analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis were performed to
explore the potential IncRNA function.

Results
A comparison between children with SLE and paired healthy children revealed that 1042 IncRNAs and 1162 mRNAs
were differentially expressed. By using gene co-expression network analysis, we constructed a complex IncRNA target
network consisting of 817 matched IncRNA-mRNA pairs for 309 differentially expressed IncRNAs and 210 differentially
expressed mRNAs. The results of further GO and KEGG pathway analyses indicated that [ncRNAs were involved mainly
in pathways with crucial pathobiological relevance in SLE.

Conclusion
We firstly characterised the expression profiles of IncRNA and mRNA in children with SLE and propose herein their
possible roles in the pathogenesis of SLE. These results provide novel insights into the mechanisms of SLE pathogenesis
and may serve as diagnostic biomarkers for SLE therapy.
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Introduction

Systemic lupus erythematosus (SLE)
is a systemic autoimmune disease with
varous clinical manifestations affecting
different tissues. It is characterised by
the deposition of immune complexes
accounted for by widespread loss of
immune tolerance to nuclear self-an-
tigens, as well as by excessive proin-
flammatory cytokine production and
damage to multiple organ systems (1).
To date, considerable progress in the
treatment and survival of SLE has oc-
curred. Nevertheless, current therapy
remains ineffective for all SLE patients,
and side-effects, including infections
and renal failure caused by non-specific
treatments, necessitate more efficient
and specific therapies (2). Emerging
biological and small-molecule thera-
pies represent more effective and less
toxic treatments, and their development
hinges on a more precise understanding
of SLE aetiology (3). Although genetic,
environmental, epigenetic and hormo-
nal factors are reported to participate in
the initiation and progression of SLE,
the exact pathogenesis of SLE remains
largely unknown.

Previously, the importance of non-pro-
tein-coding RNAs has been emphasised
in several biological and pathological
processes. Among the 20,000 protein
coding genes, only less than 2% of the
total human genome sequences have
been reported (4). Not surprisingly, at
least 90% of the genome is actively
transcribed into noncoding RNAs (ncR-
NAs) that have no protein coding poten-
tiality. A heterogeneous novel class of
long noncoding RNAs (IncRNAs) with
a length longer than 200 nucleotides are
generally characterised as nonprotein
transcripts (5). Recently, several stud-
ies have claimed IncRNAs to play spe-
cific roles in different kinds of protein-
coding and noncoding immune genes,
confirming their role in autoimmune
diseases (6-9). Furthermore, IncRNAs
act as key regulators of inflammatory
gene expression by a collaboration in-
volving signal-dependent activation
of transcription factors, transcriptional
coregulators, and chromatin-modifying
factors. IncRNAs have been revealed to
play key roles in autoimmune processes
and autoimmune diseases (10, 11).

LncRNAs are widely recognised in
the autoimmune disease paradigm and
demonstrate potential roles in both the
innate and adaptive immune system,
both of which may be crucial players
of autoimmunity (11, 12). However, it
is our understanding that knowledge of
SLE-related IncRNAs remains limited.
This study was undertaken to explore
abnormal IncRNA expression in chil-
dren with SLE, and to study the poten-
tial biological functions associated with
IncRNA in the pathogenesis of SLE.

Materials and methods

Patients and specimens

All samples from patients with SLE
were obtained from the Department of
Rheumatology of Beijing Children’s
Hospital (Beijing, China). All patients
with SLE fulfilled at least four of the re-
vised criteria for SLE by the American
College of Rheumatology (ACR). The
control group included healthy volun-
teers with no history of autoimmune
disease or immunosuppressive therapy.
Four children first diagnosed with un-
treated SLE and four ‘control’ children
were used for microarray analysis. 10
patients and 10 ‘control’ patients were
used to validate the microarray results
by RT-qPCR. Peripheral blood samples
(4 ml) were obtained from each patient.
The samples were collected in tubes
containing ethylenediaminetetraacetic
acid (EDTA). After collection, the sam-
ples were transferred immediately into
liquid nitrogen and stored in a freezer
at -80°C until RNA extraction.

All participants were taken from the
Han Chinese population. The study was
approved by the Research Ethics Board
of Beijing Children’s Hospital, Capital
Medical University, China. Informed
consent was obtained from all study
participants.

Total RNA extraction and

microarray analysis

Total RNA was extracted from treated
cells using Trizol Reagent (Life tech-
nologies, CA, US) and then purified
with an miRNeasy Serum/Plasma Kit
(Qiagen, Hilden, Germany). RNA was
detected using an UV-vis Spectropho-
tometer (Thermo, NanoDrop 2000,
USA) at 260 nm absorbance, and purity
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and integrity were assessed by agarose
gel electrophoresis. The minimum RNA
concentration for the microarray was
20 ng/pl. 250 ng total RNA was used
to prepare Biotinylated cDNA accord-
ing to the standard Affymetrix protocol.
Following labelling, cDNA was hybrid-
ised on a GeneChip® Human Clariom™
D Assay. GeneChips were washed and
stained in the Affymetrix Fluidics Sta-
tion 450. GeneChips were scanned us-
ing an Affymetrix® GeneChip Com-
mand Console installed in the Gene-
Chip® Scanner 3000 7G. Data were
analysed using the Robust Multichip
Analysis (RMA) algorithm with Affy-
metrix default analysis settings. The
presented values were log2 RMA signal
intensity. Differentially expressed genes
between two groups were filtered with
criteria p<0.05; fold change >1.2.

Quantitative polymerase chain
reaction (qPCR) analysis

Total RNA was extracted from periph-
eral blood using a Trizol Reagent (Life
Technologies) followed by purification
with an RNeasy kit (Qiagen, Valencia,
CA, USA) according to manufacturer
instructions. M-MLYV reverse transcrip-
tion (Promega) was used to synthesise
c¢DNA. Quantitative PCR analysis and
data collection were performed on the
ABI 7900HT gPCR system using the
primer pairs listed below. The raw
quantifications were normalised to 16s
values for each sample and fold chang-
es were shown as mean = SD in three
independent experiments for each trip-
licate. The relative expression of each
tested gene was calculated by the 2- 44
Ct method. Student’s #-test was used to
perform statistical analysis. P<0.05 was
considered to indicate a statistically sig-
nificant difference’

Cluster

The Hierarchical Clustering tab allows
a hierarchical clustering to be per-
formed using collected data. This is a
powerful and useful method for analys-
ing a range of large genomic datasets.
Several published applications of this
analysis are given in the references
section at the end. Cluster currently
performs four types of binary, agglom-
erative, and hierarchical clustering. The
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Table I. Primers used for RT-qPCR validation.

Gene name Primers
RPSAPI5_F GCTTCACTCCTGGAACCTTCACTAAC
RPSAPI5_R CTCCGTGAGAGGCTGGTGGTC

RP11-542G1.2_F
RP11-542G1.2_R

TTAGCTTCTTCATGGAGTGGTGATGG
TGATTCTGAGTTGGCTCTGTGAGTTG

NEAT1_F GCCAGTGTGAGTCCTAGCATTGC
NEAT1_R AGAACTTCCTCCTCCTAAGCCTCTG
1linc0949_F TCCTGCAACCCAAGGTGGATACTT
1linc0949_R CTGCAGTGAGCAGAAATCACGCAT
ERP27_F CCTCCACATGGTGACAGAGTACAAC
ERP27_R GCTTGGCTGCCTTCTGGTATCTG
KLF12_F AGTATCTTCAGCGTCATCTTCGTCAAC
KLF12_R AGGCACCGACTGTACCACCAC
TRAF5_F GAACACCTGGCTGTATGTCCTGAAG
TRAF5_R GTAAGGCTGAATGCTCATGTTGCTG
CamK4_F TGCCTATAGCTGCACGAATG
CamK4_R CTTCTCTGTGCTCCGGTTTC

basic idea is to assemble a set of items
(genes or arrays) into a tree, where
similar items are joined by very short
branches, and by increasingly longer
branches as their similarity decreases.
The first step in hierarchical clustering
is to calculate the distance matrix be-
tween the gene expression data. Once
this matrix of distances is computed, the
clustering begins. Agglomerative hier-
archical processing consists of repeated
cycles where the two closest remaining
items (those with the smallest distance)
are joined by a node/branch of a tree,
with the length of the branch set to the
distance between the joined items. The
two joined items are removed from list
of items being processed and replaced
by an item that represents the new
branch. The distances between this new
item and all other remaining items are
computed, and the process is repeated
until only one item remains.

GO enrichment analysis

Based on the Gene Ontology Database
(http://www.geneontology.org/), the sig-
nificance level of GOs of differentially
expressed genes was analysed by two-
side Fisher’s exact test and y? test. The
differential expression genes were ana-
lysed independently according to up-
and down-regulation of these genes. We
computed p-values for all the differen-
tial expression genes in all GO catego-
ries, and the threshold of significance
was defined as p-value <0.01. Each
GO was also analysed by enrichment
analysis using the following formula:
Re = (nf/n)/(Nf/N), where nf refers to

the number of differential expression
genes within the particular category, n
to the total number of genes within the
same category, Nf to the number of dif-
ferential expression genes in the entire
microarray, and N to the total number
of genes detected in the Microarray.
R software (v. 3.4.3) was used as the
Analysis platform.

Pathway enrichment analysis

Pathway analysis was used to identify
significant pathways for the differential
genes according to the Kyoto Encyclo-
pedia of Genes and Genomes (KEGG),
Biocarta and Reatome databases. We
also used Fisher’s exact and chi-square
tests to select significant pathways. The
threshold of significance was defined
by p<0.05. The enrichment Re was
given by: Re = (nf/n)/(Nf/N) (Re = EN-
RICHMENT), where nf is the number
of differential genes within the par-
ticular category, n is the total number
of genes within the same category, Nf
is the number of differential genes in
the entire microarray, and N is the to-
tal number of genes in the microarray.
R software (v. 3.4.3) was used as the
Analysis platform.

Co-expression network (IncRNA-mRNA)
A gene co-expression network was
built according to the normalised sig-
nal intensity of specifically expressed
IncRNAs and mRNAs using the Cy-
toscape programme (Cytoscape 3.4.0).
Compute co-expression coefficient,
The expression values of a gene for dif-
ferent samples can be represented as a
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Fig. 1. Hierarchical clustering of IncRNAs (a)
and mRNAs (b) in SLE and health. Red and
green indicate upregulation and downregulation,
respectively.

vector, thus calculating the co-expres-
sion measure between a pair of genes
is the same as calculating the selected
measure for two vectors of numbers. R
function cor.test (Test for Association/
Correlation Between Paired Samples)
was used to compute the Pearson’s cor-
relation coefficient to choose the signif-
icant correlation pairs and the correla-
tion value cut-off was 0.99. Joint differ-
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Fig. 2. RT-qPCR validation of selected IncRNAs(a) and mRNAs(b) between children with SLE and

ences of IncRNA expression spectrum
data and the difference of gene expres-
sion data to build a IncRNA network
with the correlation coefficient of gene
expression. In the hierarchy to express
network clearly reflect IncRNA and
the mutual relationship between genes
and the overall relationship, further
found that IncRNA of gene regulation
relationships, and explore its possible
functions. The degree was calculated
to measure a gene or IncRNA central-
ity within a network. While consider-
ing different networks, core genes were
determined by the degree differences
between two group samples.

Results

Expression profile of IncRNAs

and mRNAs

Hierarchical clustering revealed sys-
tematic variations between the case
(n=4) and control groups (n=4) in the
expression of IncRNAs (Fig. 1a) and
mRNAs (Fig.1b). 1042 IncRNAs and

1162 mRNAs were identified as being
significantly differentially expressed.
Compared to normal children, 452
IncRNAs and 501 mRNAs were ob-
served to be up regulated, while 590
IncRNAs and 661 mRNAs were down
regulated in SLE patients.

Validation of the microarray

results by RT-gPCR

To verify the microarray data, four
IncRNAs (RPSAP15, RP11-542G1.2,
NEAT1, 1inc0949) and four mRNAs
(ERP27, KLF12, TRAF5, CaMK4)
was selected. qRT-PCR was performed
to validate the expression level of these
differentially expressed IncRNAs and
mRNAs (Fig. 2). The expression trends
of these transcripts were akin to those
gathered from the microarray data.

Gene ontological and

pathway analysis

GO analysis provides a controlled vo-
cabulary that can describe gene and
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Fig. 3. Significantly changed upregulated and downregulated genes in children with SLE and healthy
children chosen by GO analysis. The larger —IgP indicates a smaller p-value.

gene product attributes in any organ-
ism. In the present study, the ontology
covered three domains: Biological Pro-
cess (BP), Cellular Component (CC),
and Molecular Function (MF). Through
GO analysis, it was possible to con-
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clude that these up-regulated and down-
regulated transcripts of IncRNAs were
associated with biological processes,
cellular components, and molecular
function (Fig. 3). Specifically, the top 3
upregulated biological processes were

signal transduction in response to DNA
damage, regulation of intracellular pro-
tein transport, and reproductive system
development. Whereas, the top 3 down-
regulated biological processes included
regulation of catalytic activity, transla-
tion, and cytoplasmic translation. The
top 3 upregulated cellular components
were signal transduction in response to
DNA damage, regulation of intracellu-
lar protein transport, and reproductive
system development. Whereas, the top
3 downregulated cellular components
were regulation of catalytic activity,
translation, and cytoplasmic transla-
tion.The top 3 upregulated molecular
functions were SNARE binding, cAMP
response element binding, and protein
kinase binding. The top 3 downregulat-
ed molecular functions were tryptophan
2,3-dioxygenase activity, ubiquitin-like
protein transferase activity, and micro-
tubule binding.

KEGG pathway enrichment analysis
was performed for differentially ex-
pressed genes to identify pathways
represented among IncRNAs identified
in the SLE gene expression signature.
KEGG analysis suggested that 8 path-
ways were significantly correlated with
upregulated gene expression, and 5
pathways were significantly correlated
with downregulated gene expression
(Fig. 4).

Co-expression network constructions
To uncover the possible modulating
mechanisms of IncRNAs, gene co-
expression network analysis was con-
structed. The expression network clear-
ly reflected IncRNA and the mutual
relationship between genes, and further
demonstrated IncRNA gene regulation
relationships by exploring their possi-
ble functions. This procedure resulted
in a complex IncRNA target network
consisting of 817 matched IncRNA-
mRNA pairs for 309 differentially ex-
pressed IncRNAs. Among them, 161
IncRNAs were upregulated and 148
IncRNAs were downregulated. Among
the 210 differentially expressed mR-
NAs, 106 mRNAs were upregulated,
and 104 mRNAs were downregulated.
Within the network, a single mRNA
was potentially targeted by one to
twelve IncRNAs.

Clinical and Experimental Rheumatology 2019
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Fig. 5. IncRNA-mRNA Co-expression Network:

Blue represents down regulation and red represents up regulation. Box nodes represent IncRNA. Tri-
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Discussion

Systemic lupus erythematosus (SLE)
is considered a prototypic autoimmune
disease. Immune cells, including T, B,
and NK cells, play pivotal roles in the
pathogenesis of SLE (13, 14). To date,
the study of LncRNA is emerging as
an important regulator of immune cell
differentiation and activation (15). Ac-
cordingly, IncRNA may be important
factor in the pathogenesis of SLE. In
a study involving patients with SLE,
1inc0949 and linc0597 were signifi-
cantly decreased in patients with SLE
compared with patients with RA and
healthy control subjects (16-18). Other
preliminary data in a murine model
system points to a link between IncR-
NA growth arrest-specific 5 (GASS)
and disease susceptibility to SLE (19).
However, IncRNA expression level in
children with SLE remains unclear.
To understand the roles of IncRNAs in
children with SLE, the present study
analysed IncRNA and mRNA co-ex-
pression in children with SLE.
Although IncRNAs are an abundant
class of ncRNAs encoded within the
genome, their roles in SLE remain to
be studied in detail. Expression pro-
files of IncRNAs-mRNAs in SLE in-
dicated that the expression values of
1044 IncRNAs and 1162 mRNAs were
significantly changed. qRT-PCR was
used to verify the data received from
the microarray assessment. The results
tested by qRT-PCR confirmed the reli-
ability of the microarray experiments.
Nuclear enriched abundant transcript 1
(NEAT1), a long non-coding RNA, is
encoded on chromosome 11q13.1 and
expresses constitutively and widely in
several tissues and cell types. Previ-
ous studies have shown that NEAT1
is essential for para-speckle structural
integrity and formation by interacting
with members of DBHS (Drosophila
Behavior Human Splicing) family
proteins (20-22). To date, emerging
research has shown that NEATI is
closely linked to SLE. NEAT1 expres-
sion was abnormally increased in SLE
patients compared with normal con-
trols, and a positive correlation was
observed between NEAT1 and clinical
disease activity in SLE patients (12).
In the present study, however, the ex-
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pression of NEAT1 was not observed
to have any significant difference
between children with SLE and the
controls. In addition, a study by Wu
demonstrated that 1inc0949 was sig-
nificantly decreased in patients with
SLE compared with patients with RA
and healthy control subjects. However,
no significant differences of this nature
were observed in our study. A possi-
ble reason for this may be the use of
different study samples. In our study,
we analysed IncRNA expression in the
peripheral blood of children, whereas
the previous study analysed peripheral
blood mononuclear cells of adults. In
addition, the patients we studied were
children, whereas the previous study
involved adults. Therefore, more sam-
ples and further studies are needed to
establish convincing results.

Most of these IncRNAs have not been
functionally characterised, whereas
most of the identified mRNAs are well-
known. Therefore, GO and KEGG
pathway analysis of expressed mRNAs
was conducted to help better under-
stand the potential role in the patho-
logical process of SLE and speculate
on the putative function of the differ-
entially expressed IncRNAs. Pathway
analyses demonstrated that differen-
tially expressed IncRNAs were associ-
ated with biological process, cellular
components and molecular function,
which were associated with 13 path-
ways. Among the 13 pathways, seven
pathways are classified as metabolism.
McDonald G’s study demonstrates that
lipid metabolism defects contribute
to SLE pathogenesis (23). Our results
indicate that differentially expressed
IncRNAs may play role through the
metabolism pathway.

A co-expression network of IncRNA
and mRNA in SLE was then construct-
ed based on a correlation assessment
between diversely expressed IncRNAs-
mRNA. The network of co-expression
in the experimental group consisted
of 817 matched IncRNA-mRNA pairs
for 309 differentially expressed IncR-
NAs and 210 differentially expressed
mRNAs. Within the network, a single
mRNA was potentially targeted by one
to twelve IncRNAs. For example, Cal-
cium/calmodulin-dependent protein ki-
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nase IV (CaMK4) is a multifunctional
serine/threonine kinase that regulates
gene expression by activating tran-
scription factors. CaMK4 have shown
to play important roles in immune re-
sponses including T-cell activation
and T-cell development (24). Within
the co-expression network, CaMK4
mRNA was potentially targeted by sev-
en IncRNAs. Tumor necrosis factor re-
ceptor associated factor 5 (TRAFS) is
an E3 ubiquitin protein ligase and sig-
nal transducer, and could regulate ex-
pression of IL-17A (25). IL-17A plays
important roles in the pathogenesis
of SLE by inducing the local produc-
tion of chemokines and cytokines and
augmenting the production of autoan-
tibodies (26). Within the co-expression
network, TRAF5 mRNA was poten-
tially targeted by four IncRNAs. The
results suggest these IncRNA may play
role through interaction with CaMK4,
TRAFS5, etc. These data underpinned
research on the mechanism of IncRNA
in SLE.

However, our study has three potential
limitations. First, we used a relatively
small sample size. As such, our results
require further validation in larger pro-
spective patient cohorts. Second, we
cannot guarantee whether the identi-
fied differentially expressed IncRNAs
were the cause of SLE or whether they
were secondary to the presence of SLE.
Third, the functions of IncRNAs were
based on bioinformatics predictions and
require further experimental validation.

Conclusion

In summary, it is our understanding
that this study was first to screen and
analyse IncRNA expression profiles in
children with SLE. This may offer new
insights into pathogenesis and may be
a promising modality to dissect the mo-
lecular pathogenesis of SLE. Further
investigation is required to determine
to what extent these IncRNAs may
serve as novel therapeutic targets and
diagnostic biomarkers in SLE.
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