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ABSTRACT
Objective. Adult-onset Still’s disease
(AOSD) is a rare and complex inflammatory disease with unclear immunopathogenesis. This study aims to
investigate the expression signature of
inflammation-associated long non-coding RNAs (lncRNAs) in AOSD and to
evaluate its utility for disease diagnosis
and prognostication.
Methods. Expression levels of lncRNAs
MIAT, THRIL, NTT, RMRP, PACERR
and NEAT1 in peripheral blood mononuclear cells (PBMCs) from treatmentnaïve AOSD patients and healthy donors were assessed by quantitative
real-time PCR and logistic regression
analysis.
Results. A diagnostic scoring algorithm
was built based on the expression pattern of MIAT, THRIL and RMRP, which
could differentiate AOSD from patients
with rheumatoid arthritis, systemic lupus erythematosus, or sepsis. Our score
could also predict the need of biologics
in AOSD treatment. We further followed
up ten AOSD patients and found that
the expression of NEAT1 was positively
correlated with the expression levels of
MIAT, THRIL and RMRP after treatment. In poly(I:C)-stimulated THP-1
cell and primary monocytes, MIAT upregulation coupled with THRIL downregulation was similar to the expression
pattern observed in AOSD.
Conclusion. Our study provides an
AOSD diagnostic scoring system based
on the expression signature of MIAT,
THRIL and RMRP. Further investigations are needed to uncover the mechanisms of lncRNA dysregulation in
AOSD.
Introduction
Adult-onset Still’s disease (AOSD), an
inflammatory disorder with complex
aetiologies, is characterised by fever,
rash, arthritis, multisystemic involve-

ment, and elevated levels of acute
phase reactants (1, 2). It has been reported that Th17-related cytokines and
proinflammatory cytokines such as
tumour necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6, IL-8 and IL-18
are involved in AOSD pathogenesis
(3-6). Furthermore, virus infection (7),
NLRP3-inflammasome activation (8),
elevated amount of low-density granulocytes and neutrophil extracellular
traps (NETs) (9), and increased circulating microRNA-134 were found to
be associated with AOSD (10). Despite
such evidence, diagnostic markers are
still lacking for this complex and heterogeneous disease, and its diagnosis is
usually made by clinical criteria (11).
Long non-coding RNAs (lncRNAs), the
non-protein-coding transcripts greater
than 200 nucleotides, have emerged as
novel players in gene regulation (12,
13). LncRNAs are involved in transcription process and cellular response
through RNA-DNA, RNA-RNA or
RNA-protein interactions (12-15).
LncRNAs play a critical role in innate
and adaptive immunity (14-17). Furthermore, recent studies also revealed
that lncRNAs can be induced in immune
cells and act as the key regulators of inflammatory responses (16-18) and antiviral immunity (19-21). For example,
MIAT (myocardial infarction associated
transcript) is involved in the pathogenesis of various diseases, including myocardial infarction, microvascular dysfunction, and myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS)
(21-23). THRIL (TNF-α and hnRNPLrelated immunoregulatory lincRNA)
acts as a scaffold through interacting
with heterogeneous nuclear ribonucleoprotein-L (hnRNPL), and this complex
binds to TNF-α promoter to induce its
transcription (24). NTT (non-coding
transcript in T-cell), which is discovered in activated CD4+T cells (25), has
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been reported to regulate inflammation
and contributes to the pathogenesis of
rheumatoid arthritis (RA) (26). RMRP
(RNA component of the mitochondrial
RNA-processing
endoribonuclease)
promotes RORγtDDX5 assembly and
is recruited to RORγt-occupied loci of
critical genes implicated in the Th17 effector program (27). PACERR (p50-associated COX-2 extragenic RNA), is a
positive regulator of COX-2 expression
in macrophage-like cells after TLR4
activation (28). NEAT1 (nuclear enriched abundant transcript-1) is essential for the formation of nuclear body
paraspeckles, which facilitate IL-8 transcriptional activation (29).
We therefore had particular interests
in the aforementioned six lncRNAs
MIAT, THRIL, NTT, RMRP, PACERR,
and NEAT1, which are related to immune regulation or inflammatory
response that might be involved in
pathogenesis of AOSD (3-8, 10). In
this study, we aimed to investigate the
lncRNA expression signature in AOSD
patients and its potential value in disease diagnosis and prognostication.
Materials and methods
Study subjects
Fifty-six consecutive AOSD patients
fulfilling the Yamaguchi criteria (11)
were enrolled. Patients with infections,
malignancies or other rheumatic diseases were excluded. The disease activity was assessed using a modified Pouchot score described by Rau et al. (30),
with active AOSD defined as activity
scores ≥4 (31). At the study entry, all
patients were treated with nonsteroidal
anti-inflammatory drugs with/without
corticosteroids, but none received conventional synthetic disease-modifying
anti-rheumatic drugs (csDMARDs) or
biologic therapy. Defined as in previous
studies (31, 32), all the enrolled AOSD
patients who were followed for at least
one year were classified into two subtypes of disease course: a systemic
subtype that includes monocyclic and
polycyclic form, and the other chronic
articular subtype. Twenty patients fulfilling the 2010 classification criteria
for RA (33) and 20 patients fulfilling the
1997 revised criteria for SLE (34) were
included as disease controls. A sepsis
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transcriptome cohort E-GEOD-32707
was also downloaded from ArrayExpress (https://www.ebi.ac.uk/arrayexpress/) for the evaluation of lncRNA
expressions. Thirty-two age-matched
healthy subjects were used as healthy
controls (HC). The Institutional Review
Board approved this study (CMUH108REC1-099), and each participant’s
written consent was obtained according
to the Declaration of Helsinki.
RNA extraction and quantitative
real-time PCR (qRT-PCR) for lncRNAs
Peripheral blood mononuclear cells
(PBMCs) were immediately isolated
from venous whole blood using the
Ficoll-PaqueTM PLUS (GE Healthcare
Biosciences, Illinois, USA) density gradient centrifugation. Total RNAs from
PBMCs were extracted by TRIzol® Reagent (Sigma-Aldrich, Missouri, USA)
and purified using a RNeasy MinElute
Cleanup kit (QIAGEN, Germany) according to the manufacturer’s instructions. High-Capacity cDNA Reverse
Transcriptase Kit (ThermoFisher Scientific-Invitrogen, Massachusetts, USA)
was used to reverse-transcribe 2μg RNA
into cDNA. Human glyceraldehyde
3-phosphate dehydrogenase (GAPDH)
gene expression was used as an endogenous control. All primers were designed
and synthesised by Genomics BioSci &
Tech, Taipei, Taiwan. The qRT-PCR reactions were performed on the Roche
LightCycler Instrument 480 using IQ2
TaqMan Probe qPCR system (Thermo
Fisher Scientific, Massachusetts, USA).
Real-time PCR using 100ng cDNA was
performed with one cycle of preincubation at 95°C for 30sec, 50 cycles of amplification (95°C for 10 secs, 60°C for
30sec, 72°C for 10sec), and a final cooling at 40°C for 30sec. The difference of
expression in the target gene relative to
averaged internal control gene was calculated using the comparative threshold
cycle (Ct) method.
Gene primer sequences:
MIAT forward 5’-CTGGAGAGGGAGGCATCTAA-3’, reverse 5’AACTCATCCCCACCCACAC-3’;
THRIL forward 5’- AACAGGTGCACGTTTCAGG-3’, reverse 5’- TACACATGATGGGACCCAAA-3’;
NTT
forward 5’- CTTGGCCTAAAAG-

GGGATG-3’, reverse 5’- GCACCTTTGGTCTCCTTCAC-3’;
RMRP
forward 5’- AGAAGCGTATCCCGCTGAG-3’, reverse 5’- GAGAATGAGCCCCGTGTG-3’; PACERR forward 5’- TCCACGGGTCACCAATATAAA-3’, reverse 5’- CGTCCCTGCAAATTCTGG-3’;
NEAT1
forward 5’- CTCTGACCCGAAGGGTAGG-3’, reverse 5’-CTGGCAGCTTTGCTCCTG-3’; GAPDH forward 5’-AGCCACATCGCTCAGACAC-3’, reverse 5’- GCCCAATACGACCAAATCC-3’.
In vitro cell studies
The human monocytic cell lines, THP1 cells (ATCC TIB-202; American
Type Culture Collection, Rockville,
Md.), were grown in lipopolysaccharide (LPS)-free RPMI medium (Gibco,
ThermoFisher Scientific, USA) supplemented with 10% fetal bovine serum
in an incubator containing 5% CO2
at 37°C. One million cells cultured in
LPS-free RPMI medium were treated
with TLR3 ligand poly(I:C) (InvivoGen, California, USA) or TLR4 ligand
LPS (Sigma-Aldrich, Merk, Darmstat,
Germany) for 4 hours and 24 hours
respectively. PBMCs derived from
healthy controls were rested overnight
in RPMI medium at 37°C incubator,
and were separated into the adherent
monocytes and the suspended lymphocytes. Poly(I:C) and LPS stimulation
experiments were also performed on
primary monocytes and lymphocytes.
RNAs were then extracted from THP1 cells, primary human monocytes
and lymphocytes for further qRT-PCR
analyses. The difference in expression
of the target gene relative to averaged
internal control gene was calculated
using the comparative threshold cycle
(Ct) method and evaluated by ΔCT
(CT lncRNA – CT GAPDH). The fold of expression of lncRNAs was calculated by
2^-ΔΔCT [(CT lncRNA – CT GAPDH) - median ΔCT of control replicates].
Statistical analysis
Multi-nominal regression analysis using
the lncRNA expression levels (dCT) as
variables for diagnosing AOSD was performed by using the generalised linear
model (glm) function of R software v.
Clinical and Experimental Rheumatology 2021
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3.6.0 (R Foundation for Statistical Computing, Vienna, Austria) (36). The lncRNA expression signature of each sample
from AOSD patients and HC were plotted on 3D-scatterplots by using R software to visualise key variables separating AOSD patients from controls. The
AOSD cohorts were randomly divided
into a test dataset (80% of the samples)
and a validation dataset (20% of the
samples), and a confusion matrix was
built using the selected variables to summarise the performance of the classification algorithm (R software, glm function). AOSD prediction score was established by the combination of variables
best differentiating AOSD and controls.
The correlation coefficient was obtained
through the nonparametric Spearman’s
rank correlation test. Receiver operating
characteristic (ROC) curve analysis was
performed to determine the area under
ROC curve (AUC), sensitivity, specificity, and accuracy using MedCalc v. 14.
Mann-Whitney U-test was used to evaluate the difference of scoring values between two groups via GraphPad Prism v.
8 (La Jolla, CA, USA).
Results
Characteristics of AOSD patients
Of the 56 patients with active AOSD,
fever (≥39 ℃), evanescent rash, arthralgia or myalgia, sore throat, liver
dysfunction, and lymphadenopathy
were noted in 54 (96.4%), 50 (89.3%),
46 (82.1%), 34 (60.7%), 30 (53.6%),
and 24 (42.9%) patients respectively.
Forty patients (71.4%) were classified
as systemic subtype and 16 (28.6%) as
chronic articular subtype. As illustrated
in Table I, RA patients were significantly older than AOSD or SLE patients. A
shorter duration of disease was observed
in AOSD patients compared with RA
patients or SLE patients. There were no
significant differences in the age at entry
or in female proportion between AOSD
patients and HC (mean ± standard deviation, 38.6±11.9 vs. 38.3±8.9 years;
80.4% vs. 75.0%; respectively).
LncRNA expression
signature in AOSD patients
Multiple regression analysis using
MIAT, THRIL, NTT, RMRP, PACERR,
and NEAT1 expression values (ΔCT)
Clinical and Experimental Rheumatology 2021

Table I. Demographic data and clinical characteristics of patients with AOSD, RA, SLE,
and healthy controls (HC)﹟.
Characteristics
Age at study entry, years
Female proportion, n (%)
Disease duration, years
Disease activity scores
ESR, mm/1st hour
CRP, mg/dl

AOSD
(n=56)
38.6 ± 11.9***
45 (80.4%)
1.9 ± 1.2***††
5.1 ± 1.2a
45.2 ± 26.2†
4.07 ± 4.28

RA
(n=20)

SLE
(n=20)

51.3 ± 11.2
39.6 ± 10.6**
17 (85.0%)
18 (90.0%)
6.4 ± 3.2
4.8 ± 1.9*
4.7 ± 1.2b
11.6 ± 3.3c
36.0 ± 13.0
24.9 ± 7.1
2.13 ± 1.55 		NA

The used csDMARDs during follow-up period				
Prednisolone
50 (89.3%)
15 (75.0%)
Methotrexate
38 (67.9%)
17 (85.0%)
Hydroxychloroquine
31 (55.4%)
10 (50.0%)
Sulfasalazine
8 (14.3%)
13 (65.0%)
Azathioprine
2 (3.6%)
0 (0.00%)
Cyclosporine
10 (17.9%)
3 (15.0%)

17
0
19
0
6
2

(85.0%)
(0.00%)
(95.0%)
(0.00%)
(30.0%)
(10.0%)

The used biologics during follow-up period				
TNF-α inhibitors
0 (0.0%)
2 (10.0%)
0 (0.0%)
IL-6R inhibitor
6 (10.7%)
1 (5.0%)
0 (0.0%)

HC
(n=32)
38.3 ± 8.9
24 (75.0%)
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Data presented as mean ± SD or number (percentage).
NA: not applicable; AOSD: adult-onset Still’s disease; RA: rheumatoid arthritis; SLE: systemic lupus
erythematosus; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; csDMARDs: conventional synthetic disease-modifying anti-rheumatic drugs; TNF: tumor necrosis factor; IL-6R: interleukin-6 receptor.
a
Systemic activity score for AOSD, which is assessed using a modified Pouchot score.
b
DAS28, disease activity score for 28-joints in RA patients.
c
SLEDAI, Systemic Lupus Erythematosus Disease Activity Index.
*p<0.05, **p<0.005, ***p<0.001, vs. RA; †p<0.005, ††p<0.001 vs. SLE.
#

as variables revealed that the levels of
MIAT, THRIL, and RMRP could differentiate AOSD patients from healthy
controls: MIAT (Odds ratio [OR] 0.17,
95% confidence interval [CI] 0.07–0.41,
p<0.0005), THRIL (OR 2.94, 95%CI
1.44–6.02, p<0.005), and RMRP (OR
1.73, 95%CI 1.12–2.69, p<0.05). The
expression levels of MIAT, THRIL, and
RMRP were projected onto a 3D scatterplot using R software. As shown in
Figure 1A, AOSD samples could be
separated from control samples by the
expression signature of these three
lncRNAs.
Furthermore, 80% of the samples were
randomly selected as the test dataset,
and the other 20% of samples as the
validation dataset to build a confusion
matrix for evaluating the performance
of classification algorithm using this
new set. The accuracies of test dataset
and validation dataset for diagnosing
AOSD were 80.9% and 85.0%, respectively.
Establishment of AOSD prediction
scores using lncRNA expression levels
To build up a lncRNA expression-based

diagnostic model for AOSD, the regression coefficient was used as weight
for each lncRNA expression ΔCT
value in the scoring system: AOSD
prediction score = (-1.76*MIATΔCT)+
1.08*THRILΔCT+0.55*RMRP ΔCT.
The ROC analysis of our score for diagnosing AOSD showed AUC of 0.836
(p<0.001) at the cut-off score of 1.385,
with sensitivity of 73.21% and specificity of 81.25% (Fig. 1B). Moreover,
to investigate whether the lncRNA
expression signature is specific for
AOSD, we additionally enrolled 20
SLE and 20 RA patients to investigate
lncRNA expression levels in their PBMCs. As shown in Figure 2A, this prediction score was significantly higher
in AOSD compared with the scores
in SLE or RA. Since sepsis is another
differential diagnosis for AOSD, we
downloaded a sepsis transcriptome
cohort E-GEOD-32707 from ArrayExpress. By using multiple regression
analysis, we found that the expression
level of MIAT, THRIL, or RMRP could
not be used to separate sepsis patients
from healthy controls (OR 1.39, 95%CI
0.76-2.53, p=0.289; OR 1.08, 95%CI
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Fig. 1. Differentiation of AOSD patients from healthy controls by the expression signature of
LncRNAs.
3D-scatterplot demonstrating MIAT, THRIL and RMRP delta CT (dCT) levels of each sample.
Circle: healthy controls (n= 32); triangle: AOSD patients (n= 56) (A). Receiver operating characteristic
(ROC) curve analysis of the AOSD prediction score derived from MIAT, THRIL and RMRP expression
levels on predicting the diagnosis of AOSD (B). Area under the curve (AUC)=0.836 at the cutoff score
>1.385, with sensitivity of 73.21% and specificity of 81.25%.

Fig. 2. AOSD prediction score in AOSD, RA, SLE, and HC, and for predicting the need of biological

therapy in AOSD.
The differences in prediction scores among AOSD, rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), and healthy control (HC).
Lines represent medians.
**p <0.01, ****p<0.0001 calculated by Mann-Whitney U tests (comparing AOSD vs. HC, AOSD vs.
RA, AOSD vs. SLE.
(A) Receiver operating characteristic (ROC) curve analysis of the AOSD prediction score derived
from MIAT, THRIL and RMRP expression levels for predicting the need of biologic therapy in AOSD
patients. (B) Area under the curve (AUC)=0.665 at the cutoff score >3.05, with sensitivity of 44.44%
and specificity of 86.21%.

Fig. 3. Correlation between

prediction score and systemic
activity of AOSD.
The correlation coefficience
between AOSD prediction
score and systemic activity was
determined by Pearson correlation test. A subgroup of AOSD
samples with low AOSD prediction (lncRNA) scores had
high disease activity scores.
Pearson r = -0.28, p=0.035.

S-70

0.14–8.56, p=0.940; OR 0.15, 95%CI
0.00300, p=0.627, respectively).
To further evaluate the potential value
of our scoring system on AOSD disease
prognostication, we divided the patient
group into those who needed biologic
treatment in the disease course, and
those who did not need biologics. Based
on the baseline (before treatment) expression pattern of MIAT, THRIL, and
RMRP, our score could differentiate
ASOD patients who needed biologics from those who were stabilised by
using conventional disease modifying
anti-rheumatic drugs, with an AUC of
0.665, p=0.024 (Fig. 2B).
Association of AOSD prediction
score with disease activity
We also analysed the correlation between the prediction score and AOSD
disease activity, which was defined according to a modified Pouchot score
described by Rau et al. (30). As shown
in Fig. 3, a subgroup of AOSD samples
with low AOSD prediction (lncRNA)
scores had high disease activity scores,
Pearson r=-0.28, p=0.03.
Change of lncRNA expression pattern
after treatment in AOSD patients
To investigate whether the dysregulated
lncRNA expression signature changes
after treatment, we analysed the 6 lncRNA expression levels in 10 AOSD patients with available samples before and
after 6-12 months of therapy. In these
10 patients, 4 were treated with prednisolone/cyclosporin, and 6 were treated
with tocilizumab (anti-IL-6 receptor).
Heterogenous changes in each lncRNA
expression were observed in subjects
after treatment. However, when analysing the whole lncRNA expression pattern, we found a strongly positive correlation between NEAT1 expression ΔCT
value and the levels of MIAT, THRIL
and RMRP in treated AOSD patients,
which was not observed in untreated
individuals (Fig. 4).
In order to evaluate the potential interactions of lncRNAs contributing to the
dysregulation in AOSD, we performed
network analysis of proteins previously
reported to be downstream of MIAT,
THRIL, RMRP and NEAT1 (27, 35-42)
using STRING version 11.0 (https://
Clinical and Experimental Rheumatology 2021
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Fig. 4. Correlation between NEAT1 expression ΔCT value and the levels of MIAT, THRIL and RMRP in AOSD patients before and after therapy. Strongly

positive correlations were observed between NEAT1 expression ΔCT (delta CT/dCT) value and the levels of MIAT, THRIL and RMRP in treated AOSD
patients. Before treatment, Pearson r and p-values are as follows: NEAT1 dCT vs. MIAT dCT, r=0.52, p=0.122; NEAT1 dCT vs. THRIL dCT, r=0.68, p=0.030;
NEAT1 dCT vs. RMRP dCT, r=0.38, p=0.284. After treatment, Pearson r and p-values are as follows: NEAT1 dCT vs. MIAT dCT, r=0.93, p=0.0001; NEAT1
dCT vs. THRIL dCT, r=0.94, p<0.0001; NEAT1 dCT vs. RMRP dCT, r=0.92, p=0.0002.

string-db.org/cgi/network.pl). Known
and predicted interactions among these
downstream molecules were noted,
with enrichment in pathways involving
I-kappaB kinase/NF-kappaB signalling
(GO:0007249), positive regulation of
interleukin-6 signalling (GO:0032755),
activation of MAPK activity (GO:
0000187), phosphatidylinositol-3 kinase signalling (GO: 0014065), and T
helper cell lineage commitment (GO:
0002295) (Fig. 5).
LncRNA expression patterns in
human monocytic cell line and
primary human cells stimulated
with TLR ligands
Since TLR3 activation has been reported to be involved in AOSD pathogenesis [10], we examined the lncRNA
expression patterns upon TLR3 ligand
poly(I:C) or TLR4 ligand LPS stimulations, and revealed the different lncRNA
expression signatures (Fig. 5). We observed increased MIAT and decreased
THRIL levels in THP-1 cells stimulated
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Fig. 5. Network analysis of in-

teractions of lncRNA-related
molecules using STRING (Protein-Protein Interaction Networks
Functional Enrichment Analysis).
Network analysis was performed
on the potential interactions of
proteins previously reported to
be downstream of MIAT, THRIL,
RMRP and NEAT1 using STRING
version 11.0 (https://string-db.org/
cgi/network.pl). Colours represent
molecules enriched in specific
pathways: red, GO:0032755, positive regulation of interleukin-6
production; blue, GO:0007249, IkappaB kinase/ NF-kappa B signaling; light blue, GO:0000187, activation of MAPK activity; yellow,
GO:0002295, T-helper cell lineage
commitment; pink, GO:0014065,
phosphatidylinositol
3-kinase
signaling.

with poly(I:C), which was similar to the
change of lncRNA expression patterns
in AOSD patients shown in our previous
3D-scatterplot. In LPS-treated THP-1

cells, however, MIAT downregulation
combined with upregulations of NEAT1
and RMRP was detected at 4 hours after stimulation (Fig. 6). In addition,
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poly(I:C) upregulated NTT expression
already at 4 hours of stimulation; while
LPS increased NTT expression levels
after 24 hours of stimulation (Fig. 6).
In order to investigate whether the results observed in THP-1 cell line can
also be applied to primary human cells,
we further performed poly(I:C) and
LPS stimulation experiments on lymphocytes and monocytes derived from
healthy control PBMCs using overnight
adhesion method (Supplementary Fig
1A-H). Similar to those observed in
THP-1 cells, both poly(I:C) treated lymphocytes and monocytes showed trend
of elevated MIAT and decreased THRIL
at 24 hours of stimulation; and the
changes were most prominent in monocytes (Suppl. Fig 1C-D). In contrast to
THP-1 cells, 4-hour LPS-treated lymphocytes and monocytes had increased
MIAT expression (Suppl. Fig. 1E-F).
Furthermore, 4-hour LPS stimulated
monocytes showed upregulation of both
RMRP and THRIL (Suppl. Fig 1F). After 24 hours of LPS treatment, MIAT
upregulation was still observed in the
two cell subsets, while THRIL and NTT
upregulations were more prominent in
lymphocytes (Suppl. Fig. 1G-H).
Discussion
Given clinical heterogeneity and lack
of specific biomarkers (30, 43), AOSD
diagnosis is usually delayed. LncRNAs
have been reported to be key regulators
of immune responses (14-17), and the
downstream cytokines play pathogenic
roles in AOSD (3-6). In this study, we
developed an AOSD diagnostic scoring system based on the expression signature of lncRNAs MIAT, THRIL and
RMRP. AOSD patients were found to
have simultaneously decreased MIAT
ΔCT and increased THRIL and RMRP
ΔCT values, which contribute to higher
prediction scores for AOSD compared
with the scores for SLE or RA. At the
cut-off score value of >1.385, our score
showed acceptable sensitivity (73.21%)
and specificity (81.25%) on diagnosing AOSD (AUC=0.836). Furthermore,
we demonstrated that the combined
expression signature of MIAT, THRIL
and RMRP could differentiate AOSD
from SLE, RA and potentially also
sepsis. Since lncRNA expression has
S-72

Fig. 6. LncRNAs expression patterns upon poly(I:C) or LPS stimulation in human monocytic cell

line THP-1.
THP-1 cells were stimulated with 50μg/ml poly(I:C) or 100 ng/ml LPS for 4 hours or 24 hours. THP1 cells cultured in LPS-free RPMI medium only for 4 hours and 24 hours were used as controls for
the respective experiments. The expressions of lncRNAs were measured by real-time PCR. The 4h
poly(I:C) stimulation: n=6~8; 4h LPS stimulation: n=3~5; 24h poly(I:C) stimulation: n=5~6; 24h LPS
stimulation: n=3~5. Bars represent mean ± SEM. The fold of expression of lncRNAs in THP-1 cells
analysed was calculated by 2 ^ -ΔΔCT [(CT lncRNA – CT GAPDH) - median ΔCT of control replicates].

been reported to be upstream of various immune responses (14-17, 26), we
are interested in studying if our scoring
system could provide early AOSD diagnosis in further investigations.
In the aspect of AOSD prognostication,
our score showed a good specificity
(86.21%) at the cut-off score of >3.05
for identifying patients requiring the use
of biologics, despite a low sensitivity
(44.44%). Unlike the expression of microRNA-134 (miR-134) and frequency
of circulating T helper type 17 (Th17)
cells, which were reported to have
strong positive correlation with AOSD
disease activity score, our AOSD prediction score showed a mildly negative
correlation with disease activity (Pearson r= -0.28, p=0.03) (3, 10). It has
been shown that miR-134 expression
and percentages of Th17 cells in blood
also positively correlated with the levels of known pathogenic cytokines in
AOSD patients, especially interleukin-18 (IL-18), a cytokine found to be
involved in disease activity (3, 10, 44).
In contrast, lncRNAs are known to play
regulatory and fine-tuning roles in immune responses (26, 45). Therefore, the
observed lncRNA expression signature
could be the result of intricate interac-

tions of different pathways in AOSD
pathogenesis, instead of the impact of
single cytokine dysregulation. This
might partly explain why the lncRNA
expression pattern specifically observed in AOSD only mildly correlated
with AOSD disease activity.
Because of the reported importance of
IL-18 in AOSD, we further evaluated
the ROC curves of IL-18 on AOSD diagnosis and prognostication using our
cohort. Compared with our lncRNA
score, IL-18 alone had higher sensitivity (82.5%) and specificity (94.74%) on
diagnosing AOSD at the optimal cut-off
value. However, IL-18 alone could not
predict the use of biologics in AOSD
treatment (AUC=0.568, p=0.48 at optimal cut-off). Recently, Sharif et al.
reveal that ferritin takes a pathogenic
role in inflammation, which further
stimulates secretion of proinflammatory cytokines (46). AOSD is characterised by macrophage activation with
elevation of circulating ferritin (47).
Given a common finding of hyperferritinaemia in AOSD, coronavirus disease 2019 (COVID-19), anti-melanoma differentiation-associated protein
5 (MDA5)-positive dermatomyositis,
and macrophage activation syndrome
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(48-49), the specificity for diagnosing
AOSD is relatively low.
It has been reported that lncRNAs MIAT,
THRIL and RMRP could modulate several common pathways important in
immune responses (35, 36, 38, 39, 50).
MIAT has been shown to exert positive
regulatory functions on PI3K/Akt signalling in atherosclerosis and melanoma
(35, 51); while suppressive effect of
MIAT on TNF-α and IL-1ß was found
in a model of macrophage inflammation
(36). THRIL is reported to activate PI3K/
Akt signalling in inflammatory response
of RA synoviocytes and autophagy of
endothelial progenitor cells (37, 50).
Contrarily to MIAT, THRIL was found
to upregulate TNF-α in different conditions (38, 52). RMRP has also been
reported to modulate PI3K/Akt/mTOR
pathway (39, 53), and Th17 effector cell
functions (27). Moharamoghli et al. had
detected an increase of both RMRP and
IL-17 levels in patients of RA; however,
no correlation was observed between
RMRP and IL-17 (54). Taken together,
our finding on the AOSD-distinctive
lncRNA expression signature of MIAT,
THRIL and RMRP suggests possible
dysregulations in PI3K/Akt, TNF-α,
and IL-17 pathways.
Interestingly, NEAT1 expression level
was found to be strongly correlated with
the expression of MIAT, THRIL and
RMRP in 10 AOSD patients after treatment (4 were treated with prednisolone/
cyclosporin, and 6 treated with IL-6R
inhibitor). This phenomenon was not
observed in PBMCs of the 10 AOSD patients before treatment. NEAT1 has been
reported to activate PI3K/Akt/mTOR
signalling, and has been shown to regulate TRAF6/NF-ĸB and the secretion of
related cytokines, such as TNF-α and
IL-6 (55-57). Whether the correlation of
expression pattern between NEAT1 and
other lncRNAs could be a sign of recovery from dysregulations in PI3K/Akt
signalling, TNF-α secretion, and T cell
activation in treated AOSD patients requires further investigations. Our study
is limited that we only had followed-up
blood drawn from 10 AOSD patients,
and 6 of them had used anti-IL-6 receptor antibody, a biologic possibly
affecting the IL-6 and other lncRNAregulated immune pathways. A larger
Clinical and Experimental Rheumatology 2021

cohort with more AOSD patients treated
without biologics should be recruited
for further analysis.
Our finding of increased MIAT expression and decreased THRIL expression
in AOSD patients as compared with
healthy controls resonates with the hypothesis that AOSD pathogenesis might
involve TLR3 activation (10) and our
previous results (21) that MIAT levels
could be enhanced in THP-1 cells treated with TLR3 ligand poly(I:C). Using
THP-1 and primary monocytes as cell
models, we showed that the change of
lncRNA expression patterns after 24h
poly (I:C) stimulation was similar to
those observed in our AOSD patients,
further supporting their potential roles
in disease pathogenesis. However, our
cell model could not totally explain the
mechanisms leading to the dysregulations of lncRNAs in AOSD.
Furthermore, disease course of AOSD
may vary considerably (31, 32) and can
be divided into systemic and articular
subtypes. This study is also limited in
that due to the relatively small AOSD
cohort size, we did not separate AOSD
samples into systemic and articular
subtypes. Several investigators including us have previously revealed significantly higher TNF-α levels in patients
with AOSD-articular subtype (4, 5),
for whom TNF-α inhibitors have been
proved effective (6). As mentioned in
previous paragraphs, MIAT and THRIL
are regulators for TNF-α secretion.
It is possible that the lncRNA expression signature differs between the two
AOSD subtypes.
In conclusion, we provide an AOSD
diagnostic scoring system based on the
expression signature of MIAT, THRIL
and RMRP. Our findings might aid in
early AOSD diagnosis and decisions in
choosing optimal therapeutic agents,
the so-called personal medicine. Further investigations are needed to uncover the mechanisms of lncRNA dysregulation in AOSD.
Acknowledgements
The authors thank Shiow-Jiuan Wey,
MD, of the Chung Shan Medical University Hospital, Taiwan, for manuscript editing, and thank Ms Ya-Ling
Huang for her technical support.

References

1. GERFAUD-VALENTIN M, MAUCORT-BOULCH
D, HOT A et al.: Adult-onset still disease:
manifestations, treatment, outcome, and prognostic factors in 57 patients. Medicine (Baltimore) 2014; 93: 91-9.
2. GIACOMELLI R, RUSCITTI P, SHOENFELD
Y: A comprehensive review on adult onset
Still’s disease. J Autoimmun 2018; 93: 24-36.
3. CHEN DY, CHEN YM, LAN JL et al.: Potential role of Th17 cells in the pathogenesis
of adult-onset Still’s disease. Rheumatology
2010; 49: 2305-12.
4. FUJII T,NOJIMA T,YASUOKA H et al.: Cytokine and immunogenetic profiles in Japanese
patients with adult Still’s disease. Association with chronic articular disease. Rheumatology 2001; 40: 1398-1404.
5. CHOI JH, SUH CH, LEE YM et al.: Serum cytokine profiles in patients with adult onset
Still’s disease. J Rheumatol 2003; 30: 2422-7.
6. FEIST E, MITROVIC S, FAUTREL B: Mechanisms, biomarkers and targets for adult-onset
Still’s disease. Nat Rev Rheumatol 2018; 14:
603-18.
7. JIA J, SHI H, LIU M et al.: Cytomegalovirus
infection may trigger adult-onset Still’s disease onset or relapses. Front Immunol 2019;
10: 898.
8. HSIEH CW, CHEN YM, LIN C et al.: Elevated
expression of the NLRP3 inflammasome and
its correlation with disease activity in adultonset Still disease. J Rheumatol 2017; 44:
1142-50.
9. TORRES-RUIZ J, CARRILLO-VÁZQUEZ DA,
TAPIA-RODRÍGUEZ M et al.: The role of low
density granulocytes and NETosis in the
pathogenesis of adult-onset Still’s disease.
Clin Exp Rheumatol 2019; 37 (Suppl. 121):
S74-82.
10. LIAO TL, CHEN YM, HSIEH CW et al.:
Upregulation of circulating microRNA-134
in adult-onset Still’s disease and its use as
potential biomarker. Sci Rep 2017; 7: 4214.
11. YAMAGUCHI M, OHTA A, TSUNEMATSU T et
al.: Preliminary criteria for classification of
adult Still’s disease. J Rheumatol 1992; 19:
424-30.
12. GUTTMAN M, AMIT I, GARBER M et al.:
Chromatin signature reveals over a thousand
highly conserved large non-coding RNAs in
mammals. Nature 2009; 458: 223-7.
13. GEISLER S, COLLER J: RNA in unexpected
places: long non-coding RNA functions in
diverse cellular contexts. Nat Rev Mol Cell
Biol 2013; 14: 699-712.
14. ATIANAND MK, FITZGERALD KA: Long noncoding RNAs and control of gene expression
in the immune system. Trends Mol Med
2014; 20: 623-31.
15. HADJICHARALAMBOUS MR, LINDSAY MA:
Long non-coding RNAs and the innate immune response. Noncoding RNA 2019; 5: 34.
16. MATHY NW, CHEN XM: Long non-coding
RNAs (lncRNAs) and their transcriptional
control of inflammatory responses. J Biol
Chem 2017; 292: 12375-82.
17. CARPENTER S, AIELLO D, ATIANAND MK et
al.: A long noncoding RNA mediates both
activation and repression of immune response genes. Science 2013; 341: 789-92.
18. ELLING R, CHAN J, FITZGERALD KA: Emerg-

S-73

LncRNA expression in AOSD / C.-A. Yang et al.

19.
20.

21.

22.
23.

24.

ing role of long noncoding RNAs as regulators of innate immune cell development and
inflammatory gene expression. Eur J Immunol 2016; 46: 504-12.
DING YZ, ZHANG ZW, LIU YL et al.: Relationship of long noncoding RNA and viruses.
Genomics 2016; 107: 150-154.
LIU H, HU PW,COUTURIER J et al.: HIV-1
replication in CD4(+) T cells exploits the
down-regulation of antiviral NEAT1 long
non-coding RNAs following T cell activation. Virology 2018; 522: 193-8.
YANG CA, BAUER S, HO YC et al.: The expression signature of very long non-coding
RNA in myalgic encephalomyelitis/chronic
fatigue syndrome. J Transl Med 2018; 16:
231.
LIAO J, HE Q, LI M et al.: LncRNA MIAT:
Myocardial infarction associated and more.
Gene 2016; 578: 158-61.
YAN B, YAO J, LIU JY et al.: lncRNA-MIAT
regulates microvascular dysfunction by functioning as a competing endogenous RNA.
Circ Res 2015; 116: 1143-56.
LI Z, CHAO TC, CHANG KY et al.: The long
noncoding RNA THRIL regulates TNFalpha
expression through its interaction with hnRNPL. Proc Natl Acad Sci USA 2014; 111:
1002-7.

25. LIU AY, TORCHIA BS, MIGEON BR, SILICIANO RF: The human NTT gene: identification of a novel 17-kb noncoding nuclear
RNA expressed in activated CD4+ T cells.
Genomics 1997; 39: 171-84.
26. YANG CA, LI JP, YEN JC et al.: lncRNA NTT/
PBOV1 axis promotes monocyte differentiation and is elevated in rheumatoid arthritis.
Int J Mol Sci 2018; 19: 2806.
27. HUANG W, THOMAS B, FLYNN RA et al.:
DDX5 and its associated lncRNA Rmrp
modulate TH17 cell effector functions. Nature 2015; 528: 517-22.
28. KRAWCZYK M,EMERSON BM: p50-associated COX-2 extragenic RNA (PACER)
activates COX-2 gene expression by occluding repressive NF-kappaB complexes. Elife
2014; 3: e01776.
29. IMAMURA K, IMAMACHI N, AKIZUKI G et
al.: Long noncoding RNA NEAT1-dependent SFPQ relocation from promoter region
to paraspeckle mediates IL8 expression upon
immune stimuli. Mol Cell 2014; 53: 393-406.
30. RAU M, SCHILLER M, KRIENKE S et al.:
Clinical manifestations but not cytokine profiles differentiate adult-onset Still’s disease
and sepsis. J Rheumatol 2010; 37: 2369-76.
31. AHN MH, HAN JH, CHWAE YJ et al.: Neutrophil extracellular traps may contribute to
the pathogenesis in adult-onset Still disease.
J Rheumatol 2019; 46: 1560-9.
32. FRANCHINI S, DAGNA L, SALVO F, AIELLO
P, BALDISSERA E, SABBADINI MG: Efficacy
of traditional and biologic agents in different clinical phenotypes of adult-onset Still’s

S-74

disease. Arthritis Rheum 2010; 62: 2530-5.
33. ALETAHA D, NEOGI T, SILMAN AJ et al.:
2010 rheumatoid arthritis classification criteria: an American College of Rheumatology/
European League Against Rheumatism collaborative initiative. Ann Rheum Dis 2010;
69: 1580-8.
34. HOCHBERG MC: Updating the American
College of Rheumatology revised criteria for
the classification of systemic lupus erythematosus. Arthritis Rheum 1997; 40: 1725.
35. SUN G, LI Y, JI Z: Up-regulation of MIAT
aggravates the atherosclerotic damage in
atherosclerosis mice through the activation
of PI3K/Akt signaling pathway. Drug Deliv
2019; 26: 641-9.
36. WANG Z, KUN Y, LEI Z, DAWEI W, LIN P, JIBO
W: LncRNA MIAT downregulates IL-1beta,
TNF-a to suppress macrophage inflammation
but is suppressed by ATP-induced NLRP3
inflammasome activation. Cell Cycle 2021;
20: 194-203.
37. LIANG Y, LI H, GONG X et al.: Long non-coding RNA THRIL mediates cell growth and
inflammatory response of fibroblast-like synoviocytes by activating PI3K/AKT signals in
rheumatoid arthritis. Inflammation 2020; 43:
1044-53.
38. LIU T, LIU J, TIAN C, WANG H, WEN M, YAN
M: LncRNA THRIL is upregulated in sepsis
and sponges miR-19a to upregulate TNFalpha in human bronchial epithelial cells.
J Inflamm (Lond) 2020; 17: 31.
39. ZHOU Z, XU H, LIU B et al.: Suppression of
lncRNA RMRP ameliorates oxygen-glucose
deprivation/re-oxygenation-induced
neural cells injury by inhibiting autophagy and
PI3K/Akt/mTOR-mediated apoptosis. Biosci
Rep 2019; 39: BSR20181367.
40. ZHONG X, MA X, ZHANG L, LI Y, LI Y, HE R:
MIAT promotes proliferation and hinders apoptosis by modulating miR-181b/STAT3 axis
in ox-LDL-induced atherosclerosis cell models. Biomed Pharmacother 2018; 97: 107885.
41. XIA D, YAO R, ZHOU P, WANG C, XIA Y, XU
S: LncRNA NEAT1 reversed the hindering
effects of miR-495-3p/STAT3 axis and miR211/PI3K/AKT axis on sepsis-relevant inflammation. Mol Immunol 2020; 117: 168-79.
42. XING PC, AN P, HU GY, WANG DL, ZHOU MJ:
LncRNA MIAT promotes inflammation and
oxidative stress in sepsis-induced cardiac
injury by targeting miR-330-5p/TRAF6/NFkappaB Axis. Biochem Genet 2020; 58: 783800.
43. COLINA M, ZUCCHINI W, CIANCIO G, ORZINCOLO C, TROTTA F, GOVONI M: The evolution of adult-onset Still disease: an observational and comparative study in a cohort of
76 Italian patients. Semin Arthritis Rheum
2011; 41: 279-85.
44. KUDELA H, DRYNDA S, LUX A, HORNEFF
G, KEKOW J: Comparative study of Interleu-

kin-18 (IL-18) serum levels in adult onset
Still’s disease (AOSD) and systemic onset
juvenile idiopathic arthritis (sJIA) and its use
as a biomarker for diagnosis and evaluation of
disease activity. BMC Rheumatol 2019; 3: 4.

45. MOWEL WK, KOTZIN JJ, McCRIGHT SJ,
NEAL VD, HENAO-MEJIA J: Control of immune cell homeostasis and function by incRNAs. Trends Immunol 2018; 39: 55-69.
46. SHARIF K, VIEIRA-BORBA V, ZANDMANGODDARD G, SHOENFELD Y: Ferritin is essential in modulating inflammation. Clin Exp
Immunol 2018; 191: 149-50.
47. FAUTREL B, LE MOËI G, SAINT-MARCOUX B
et al.: Diagnostic value of ferritin and glycosylated ferritin in adult-onset Still’s disease.
J Rheumatol 2001; 28: 322-9.
48. RUSCITTI P, BERARDICURTI O, BARILE A et
al.: Severe COVID-19 and related hyperferritinaemia: more than an innocent bystander?
Ann Rheum Dis 2020; 79: 1515-6.
49. KONDO Y, KANEKO Y, TAKEI H et al.:
COVID-19 shares clinical features with antimelanoma differentiation-associated protein
5 positive dermatomyositis and adult Still’s
disease. Clin Exp Rheumatol 2021; 39: 631-8.
50. XIAO J, LU Y, YANG X: THRIL mediates endothelial progenitor cells autophagy via AKT
pathway and FUS. Mol Med 2020; 26: 86.
51. YANG Y, ZHANG Z, WU Z, LIN W, YU M:
Downregulation of the expression of the
lncRNA MIAT inhibits melanoma migration
and invasion through the PI3K/AKT signaling
pathway. Cancer Biomark 2019; 24: 203-11.
52. XU B, JIN X, YANG T et al.: Upregulated
lncRNA THRIL/TNF-alpha signals promote
cell growth and predict poor clinical outcomes of osteosarcoma. Onco Targets Ther
2020; 13: 119-29.
53. LI X, SUI Y: Valproate improves middle cerebral artery occlusion-induced ischemic cerebral disorders in mice and oxygen-glucose
deprivation-induced injuries in microglia by
modulating RMRP/PI3K/Akt axis. Brain Res
2020; 1747: 147039.
54. MOHARAMOGHLI M, HASSAN-ZADEH V,
DOLATSHAHI E, ALIZADEH Z, FARAZMAND
A: The expression of GAS5, THRIL, and

RMRP lncRNAs is increased in T cells of patients with rheumatoid arthritis. Clin Rheumatol 2019; 38: 3073-80.
55. XU H, LI J, ZHOU ZG: NEAT1 promotes cell
proliferation in multiple myeloma by activating PI3K/AKT pathway. Eur Rev Med Pharmacol Sci 2018; 22: 6403-11.
56. BAI YH, LV Y, WANG WQ, SUN GL, ZHANG
HH: LncRNA NEAT1 promotes inflammatory
response and induces corneal neovascularization. J Mol Endocrinol 2018; 61: 231-9.
57. WANG SM, LIU GQ, XIAN HB, SI JL, QI SX,
YU YP: LncRNA NEAT1 alleviates sepsisinduced myocardial injury by regulating the
TLR2/NF-kappaB signaling pathway. Eur
Rev Med Pharmacol Sci 2019; 23: 4898-907.

Clinical and Experimental Rheumatology 2021

