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Abstract: This study aimed to explore the effects of long non-coding RNA (lncRNA) expression on rheumatoid ar-
thritis (RA). LncRNA expression profiles were obtained from the synovial tissues of five RA patients and five age-/
gender-matched controls by RNA-Seq. Six candidate lncRNAs were then chosen and their levels in synovial fluid 
further examined in 25 RA patients and 25 health controls using RT-qPCR. The effects of lncRNA RP11-83J16.1 
overexpression and knockdown on RA fibroblast-like synoviocytes (RA-FLS) function, inflammation state, and URI1, 
FRAT1, and β-catenin levels were assessed. After RNA-Seq, lncRNA expression profiles clearly distinguished RA 
patients from controls, and 190 upregulated lncRNAs and 131 downregulated lncRNAs were identified, which were 
mainly enriched in proliferative/immune/inflammatory pathways. Results of RT-qPCR showed that the levels of ln-
cRNAs MTCO2P12, KCNQ5-IT1 and RP11-83J16.1 were increased, whereas lncRNAs LINC00570, RP11-342M1.6, 
and REXO1L4P were decreased in RA patients compared to controls. Notably, lncRNA RP11-83J16.1 correlated with 
increased inflammation and disease activity in RA patients. Additionally, lncRNA RP11-83J16.1 promoted cell prolif-
eration, migration, invasion and inflammation, reduced apoptosis, and positively regulates cellular URI1, FRAT1 and 
β-catenin expression in RA-FLS. Rescue experiments revealed that URI1 overexpression compensated for the regu-
latory effects of lncRNA RP11-83J16.1 knockdown in RA-FLS. In conclusion, lncRNA RP11-83J16.1, a novel lncRNA 
identified by RNA-Seq, correlates with increased risk and disease activity of RA, and promotes RA-FLS proliferation, 
migration, invasion and inflammation by regulating URI1 and downstream β-catenin pathway components.
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Introduction

Rheumatoid arthritis (RA) is a common auto- 
immune joint disease that primarily affects 
women worldwide [1]. It manifests as synovial 
hyperproliferation and inflammatory/immune 
cells infiltration, which can be clinically charac-
terized by tender/swollen joints, bone erosion, 
and disability [2]. To effectively control disease 
symptoms (including tender/swollen joints and 
inflammation), postpone or attenuate its radio-
graphic progression, and improve patient mobi- 
lity, a number of novel drugs have been recently 
developed, including inhibitors of tumor necro-
sis factor (TNF), interleukin (IL) - 6 and Janus 
Kinase (JAK); Additionally, several treatment 
strategies have been proposed, such as treat-
to-target therapy and individual treatment [3]. 

However, a proportion of patients still suffer 
from poor treatment response, uncontrolled 
disease status, and easily recurrence [4]. 
Therefore, it’s essential to further investigate 
the mechanism underlying RA to explore no- 
vel biomarkers as well as potential treatment 
targets.

As a newly discovered non-coding RNA subtype, 
long non-coding RNA (lncRNA) has been found 
to participate in the pathogenesis of RA [5]. For 
instance, lncRNA HIX003209, which was found 
to be overexpressed in peripheral blood mono-
nuclear cells (PBMCs) from RA patients, was 
shown to promote macrophage proliferation 
and stimulation via the regulation of the IκBα/
nuclear factor-kappa B (NF-κB) signaling path-
way [6]. Moreover, our collaborate institution 
observed that the insufficient expression of 
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lncRNA ITSN1-2 was not only correlated with 
decreased disease activity but also attenuat- 
ed the proliferation of RA fibroblast-like synovi-
ocytes (FLS) and reduced inflammation by 
blocking the oligomerization domain 2 (NOD2) 
signaling pathway [7]. However, these studies 
focused on the role of specific lncRNAs during 
the etiology of RA instead of on the complete 
lncRNA expression profile, and thus are only 
able to provide limited information about the 
general impact of lncRNAs on RA.

Therefore, the present study used RNA sequ- 
encing (RNA-Seq) to examine lncRNA expres-
sion profiles in RA and control synovial tissues, 
revealing the involvement of lncRNA express- 
ion in RA by bioinformatics. Subsequently, six 
candidate lncRNAs were chosen and validated 
using reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) in a larger 
number of RA and control synovial tissues. 
Lastly and, most importantly, a lncRNA (RP11-
83J16.1) having a close correlation with dis-
ease risk and activity of RA was selected, and 
in vitro experiments were performed to ex- 
plore its potential effects on the regulation of 
the cellular functions of RA-FLS.

Methods

Patients and samples 

Twenty-five RA patients who had knee invo- 
lvement and 25 knee trauma patients were 
recruited in this study. Eligible RA patients 
were: (1) diagnosed as RA according to 2010 
American College of Rheumatology (ACR)/Eur- 
opean League Against Rheumatism (EULAR)  
RA classification criteria [8], (2) presenting with 
severe knee symptoms and about to receive 
arthroscopic surgery, (3) age more than 18 
years, (4) had no history of knee surgery. The 
knee trauma patients who served as controls  
in the present study were required to meet  
the following criteria: (1) about to receive knee 
surgery due to knee trauma, (2) had no history 
of knee degeneration disease or inflammatory 
diseases, (3) age more than 18 years. Pregnant 
and lactating women were excluded from the 
study. This study was approved by the Ethics 
Committee of Yueyang Hospital of Integrated 
Traditional Chinese & Western Medicine, Sh- 
anghai University of Traditional Chinese Medi- 
cine. After all participants provided signed in- 
formed consents, keen synovial tissues were 

collected during surgery. For RA patients, clini-
cal features [age, gender, body mass index 
(BMI)], disease duration, rheumatoid factor 
(RF) status, anticitrullinated protein antibodies 
(ACPA) status, tender joint count (TJC), swollen 
joint count (SJC), erythrocyte sedimentation 
rate (ESR), C-reactive protein (CRP), disease 
activity score based on ESR in 28 joints 
(DAS28_ESR), and disease activity score ba- 
sed on CRP in 28 joints (DAS28_CRP) were  
documented. Additionally, the age, gender and 
BMI of controls were recorded.

RNA-seq 

For RNA-Seq analysis, five pairs of synovial tis-
sue samples were selected from five RA pati- 
ents and five health controls, and the age and 
gender of the controls were matched to the RA 
patients. In brief, total RNA was isolated from 
synovial tissues using RNeasy Protect Mini Kit 
(Qiagen, German), and the integrity and quanti-
ty of the RNA were then assessed using an 
Agilent 2100 Bioanalyzer (Agilent Technolo- 
gies, USA). The rRNA was removed using Ribo-
Zero Gold rRNA Removal Kit (Illumina, Inc., 
USA). The construction and preparation of  
RNA-Seq library were performed by Genergy 
Bio (Shanghai, China) using an Illumina Xten 
High-throughput Sequencing Platform, as pre- 
viously described [9]. Quality trimming and 
adapter trimming were conducted using Trim 
Galore software (Babraham Bioinformatics, 
UK). The trimmed reads were then aligned to 
the human reference genome (hg38) using 
Tophat [10] with default parameters and En- 
semble genome annotation (Homo_sapiens.
GRCh38.83.chr.gtf). The lncRNAs and mRNAs 
discovered in at least 50% of the samples  
were then analyzed. Finally, the raw count of 
each gene was calculated using featurecount, 
the expression levels were normalized, and the 
differential expression analysis was performed 
using DESeq2 in the R software package [11]. 

Bioinformatic analysis

The R software packages were used for RNA-
Seq data analysis and visualization. The princi-
pal component analysis (PCA) plot and the 
heatmap of the lncRNA and mRNA expression 
profiles were plotted using the Factoextra and 
pheatmap packages, respectively. The differen-
tially expressed genes (DEGs) were defined as 
the lncRNAs or mRNAs with a fold change (FC) 
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≥2.0 and an adjusted P value (BH multiple test 
correction) <0.05, which were displayed as 
Volcano Plots. Gene Ontology (GO) and Kyoko 
Encyclopedia of Genes and Genomes (KEGG) 
enrichment analyses of DEGs were performed 
using DAVID web servers [12], and the graphics 
were constructed using the ggplot2 package. 
The top 20 differentially expressed lncRNAs 
(10 upregulated and 10 downregulated) were 
selected by the rank of absolute log2FC values. 
The mRNAs regulated by the top 20 differen-
tially expressed lncRNAs were analyzed based 
on the trans-regulation of the lncRNAs accord-
ing to Pearson correlation coefficient, which 
were illustrated by the lncRNA-mRNA co-ex- 
pression network.

Candidate lncRNAs by RT-qPCR validation

A total of six candidate lncRNAs, including the 
top three upregulated lncRNAs and the top 
three downregulated lncRNAs, were selected 
from RNA-Seq analysis results by the rank of 
the absolute log2FC values. The expression lev-
els of the six candidate lncRNAs were further 
examined in the synovial tissues from 25 RA 
patients and 25 controls using RT-qPCR.

Cell culture 

RA-FLS were isolated from the synovium tis-
sues of RA patients, as described previously 
[13, 14]. DMEM medium (Gibco, USA) contain-
ing fetal bovine serum (FBS) (Gibco, USA) was 
used to culture RA-FLS at 37°C in an atmo-
sphere of 5% CO2 and 95% air. 

Plasmid transfection and post-transfection 
detection 

The lncRNA RP11-83J16.1 overexpression 
plasmid, the control overexpression plasmid, 
the lncRNA RP11-83J16.1 knock-down plas-
mid, and the control knock-down plasmid were 
respectively constructed in the PEX-2 vector 
and pGPH1 vector by Guangzhou RiboBio Co., 
LTD (Guangzhou, China). These plasmids were 
respectively transfected into RA-FLS using 
Lipofectamine® 2000 (Life Technologies, USA), 
and the transfected cells were then respec- 
tively named as OE-Lnc group, OE-NC group, 
KD-Lnc group, and KD-NC group. For the post-
transfection analyses of the four cell groups, 
RT-qPCR was performed at 24 hours (h) to  
measure lncRNA RP11-83J16.1 expression; 

the Cell Counting Kit-8 (CCK-8) assay (Sigma-
Aldrich, USA) was used to measure cell prolif-
eration at 0 h, 24 h, 48 h, and 72 h, which was 
completed in terms of the kit specification;  
and cell proliferation was assessed by calcu- 
lating the optical density (OD) using a micro-
plate reader (Bio-Rad, USA); Annexin V/Propi- 
dium Iodide (AV/PI) assay using Annexin V-FITC 
Apoptosis Detection Kit (R&D, USA) and flow 
cytometry were conducted to evaluate cell ap- 
optosis at 48 h, according to the manufactur-
er’s instructions; Scratch assay was used to 
evaluate cell migration at 48 h; Transwell as- 
say was used to assess cell invasive at 48 h; 
Additionally, cell supernatants were collected 
from the four cell groups 48 h after transfec-
tion, and enzyme-linked immunosorbent assay 
(ELISA) kits (R&D, USA) were used to measure 
the levels of tumor necrosis factor α (TNF-α), 
interleukin 1β (IL-1β), IL-6, matrix metallopro-
teinase 3 (MMP-3) and MMP-9 according to the 
manufacturer’s instructions.

Pathway assessment of the mRNA regulated 
by lncRNA RP11-83J16.1

Among the 10 mRNAs (OSBPL9, CLK4, TMEM- 
41B, WDR36, HEATR1, EPRS, URI1, MMADHC, 
ZNF184, and RBM48) regulated by lncRNA 
RP11-83J16.1, URI1 was found to inhibit apop-
tosis [15], promot invasion [16], and initiate 
inflammation [17]. URI1 was also found to be 
related to the activation of the Wnt/β-catenin 
pathway [18]. Therefore, we hypothesized that 
lncRNA RP11-83J16.1 might activate the β-ca- 
tenin pathway by regulating the URI1 to stimu-
late the cellular functions of RA-FLS. Hence, 
the mRNA and protein expression levels of 
URI1, FRAT1 and β-catenin (FRAT1 and β-cate- 
nin were 2 genes implicated in Wnt/β-catenin 
pathway) were measured 48 h after transfec-
tion of the four cell groups using RT-qPCR and 
western blotting analyses, respectively, as pre-
viously described [19] (Antibodies applied in 
the western blot were shown in the Supple- 
mentary Table 1).

Rescue experiment and related determination 

URI1 overexpression plasmid was constructed 
by Guangzhou RiboBio Co., LTD (Guangzhou, 
China). The lncRNA RP11-83J16.1 knock-down 
plasmid and the URI1 overexpression plasmid 
were co-transfected into RA-FLS using Lipo- 
fectamine® 2000 (Life Technologies, USA); the 
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lncRNA RP11-83J16.1 knock-down plasmid 
and the control overexpression plasmid were 
co-transfected into RA-FLS, which served as 
the control. Transfected RA-FLS were divid- 
ed into the KD-Lnc&OE-URI1 group and KD- 
Lnc&OE-NC group, respectively. After transfec-
tion, the lncRNA RP11-83J16.1 expression 
were assessed by RT-qPCR at 24 h; the cell  
proliferation, cell apoptosis, cell migration, cell 
invasive ability as well as the levels of IL-1β, 
IL-6, TNF-α, MMP-3 and MMP-9 were assessed 
at 48 h by the methods and kits described 
above. Additionally, mRNA and protein expres-
sion levels of URI1, FRAT1, and β-catenin were 
determined at 48 h using RT-qPCR and western 
blot analyses, respectively.

RT-qPCR procedure

Total RNA was isolated from synovium tissue 
and RA-FLS using the RNeasy Protect Mini Kit 
(Qiagen, German), and the integrity and quanti-
ty of the RNA were assessed using an Agilent 
2100 Bioanalyzer (Agilent Technologies, USA). 
Next, cDNAs synthesis was performed using  
an iScript™ cDNA Synthesis Kit (Bio-Rad, USA). 
The cDNA products were subjected to qPCR 
using the KOD SYBR® qPCR Mix (Toyobo, Ja- 
pan). PCR amplification was carried out as fol-
lows: 95°C for 5 min followed by 40 cycles of 
95°C for 10 s and 60°C for 60 s. The relative 
expression levels of lncRNAs or mRNAs were 
calculated using the 2-ΔΔCt methods with phos-
phoglyceraldehyde dehydrogenase (GAPDH) as 
the internal reference. Primers used for qPCR 
are shown in Supplementary Table 2.

Statistical analysis 

Continuous data are expressed as mean and 
standard deviation (SD) or median and inter-
quartile range (IQR), and the categorical data 
are displayed as the count and percentage. 
Comparison of continuous data was made us- 
ing the unpaired Student’s t test or Wilcoxon 
rank sum test, and comparison of categorical 
data was made using the Chi-square test. Cor- 
relations between two continuous variables 
were determined using the spearman’s rank 
correlation test. Matched cohorts were scre- 
ened using propensity score matching (PSM) 
[20]. The propensity score was estimated us- 
ing a multivariable logistic regression model 
based on age and gender of RA patients and 
controls, and the matching was performed us- 

ing a 1:1 nearest-neighbor matching protocol 
without replacement (Fuzzy-matching algo-
rithm), with caliper width 0.1 (maximum allow-
able difference in propensity scores). Statis- 
tical analysis was carried out using SPSS 24.0 
(IBM, USA) and GraphPad Prism 7.01 (Graph- 
Pad Software, USA). P value <0.05 indicated 
statistically significant. In the cellular experi-
ments, P value <0.05, <0.01, and <0.001 were 
respectively displayed as “*”, “**”, and “***”, 
whereas P value >0.05 (not significant) was  
displayed as “NS” in the figures. 

Results

Characteristics of participants in RNA-Seq 
stage

In RNA-Seq stage, five RA patients and five 
age-/gender-matched controls were included. 
The age was 52.4±3.0 years in RA patients  
and 49.4±5.5 years in controls (P=0.318), and 
the percentage of females was 60% in both  
RA patients and control groups (P=1.000).  
The BMI was 23.3±2.9 Kg/m2 in RA patients 
and 22.7±2.1 Kg/m2 in controls (P=0.759). 
Detailed information of patient disease status 
is presented in Table 1.

Overview of lncRNA/mRNA expression profile 
by PCA and Heatmap analyses

PCA plots of the lncRNA expression profiles 
were used to clearly distinguish RA patients 
from controls (Figure 1A), and Heatmap analy-
sis revealed that the lncRNA expression pro- 
files had good internal aggregation in both 
groups (Figure 1B). The mRNA expression pro-
files were also used to distinguish RA patients 
from controls as well by PCA plot and Heatmap 
analyses (Figure 1C, 1D).

Differentially expressed lncRNAs/mRNAs and 
corresponding enrichment analyses

A total of 190 upregulated lncRNAs and 131 
downregulated lncRNAs were shown in RA pa- 
tients compared to controls by Volcano plot 
analysis (Figure 2A). GO enrichment analysis 
showed that these differentially expressed 
lncRNAs were enriched in molecular functions, 
such as protein binding, ubiquitin-protein tra- 
nsferase activity, ubiquitin-protein transferase 
activity, etc.; and enriched in cellular compo-
nents, such as cytosol, nucleoplasm, mitochon-
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drial outer membrane, etc.; also enriched in 
biological process, such as enhanced cell pro-
liferation, inhibited apoptotic process, enhan- 
ced inflammatory response, etc. (Figure 2B). 
KEGG enrichment analysis revealed that these 
differentially expressed lncRNAs were enrich- 
ed in proliferative/immune/inflammatory path-
ways, such as Inflammatory mediator regula-
tion of TRP channels, HIF-1 signaling pathway, 
B cell receptor signaling pathway, AMPK sig- 
naling pathway, etc. (Figure 2C). A total of 750 
upregulated mRNAs and 1025 downregulated 
mRNAs were discovered using Volcano plot 
analysis (Figure 2D). The detailed results of  
the GO and KEGG enrichment analyses are 
shown in Figure 2E, 2F.

Regulatory network of the top 20 differentially 
expressed lncRNAs

Since so many differentially expressed lnc- 
RNAs were discovered, only the details of the 
top 20 differentially expressed lncRNAs (10 
upregulated and 10 downregulated) are pre-
sented (Table 2). In detail, the top 10 upregu-
lated lncRNAs in RA patients compared to con-
trols were as follows: lncRNA MTCO2P12, lnc- 
RNA KCNQ5-IT1, lncRNA RP11-83J16.1, lnc- 
RNA RP4-800G7.1, lncRNA AC016712.2, lnc- 
RNA RP11-25I15.1, lncRNA RP11-416A14.1, 
lncRNA RP11-552M11.8, lncRNA FAM204BP, 

and lncRNA RPS15AP10; while the top 10 
downregulated lncRNAs in RA patients com-
pared to controls were as follows: LINC00570, 
lncRNA RP11-342M1.6, lncRNA REXO1L4P, 
lncRNA OSER1-AS1, lncRNA RP11-104L21.3, 
lncRNA CTD-2561J22.5, lncRNA RP11-67C2.2, 
lncRNA FOXO3B, lncRNA CYP4A22-AS1, and 
lncRNA MKRN9P. Furthermore, the regulatory 
network of the top 20 differentially expressed 
lncRNAs was analyzed based on the lncRNA/
mRNA expression profiles obtained by RNA- 
Seq (Figure 3), which showed that most of 
these differentially expressed lncRNAs had 
multiple regulated mRNAs.

Comparison of 6 candidate lncRNAs in RT-
qPCR stage

Six candidate lncRNAs (three upregulated and 
three downregulated in RA patients compared 
to controls) were selected based on the rank  
of FC level in RNA-Seq, and were further detect-
ed using RT-qPCR in synovial tissues from 25 
RA patients and 25 controls. In this period, the 
age was 56.1±9.2 years in RA patients and 
35.9±10.3 years in controls (P<0.001), the per-
centage of females was 72% in RA patients and 
40% in controls (P=0.023), and the BMI was 
22.9±2.6 Kg/m2 in RA patients and 22.3±2.2 
Kg/m2 in controls (P=0.368). Detailed informa-
tion of disease status of the 25 RA patients is 

Table 1. Characteristics of RA patients and controls

Items
RNA-Seq RT-qPCR Validation

RA patients 
(N=5)

Controls 
(N=5) P value RA patients 

(N=25)
Controls 
(N=25) P value

Age (years, mean ± SD) 52.4±3.0 49.4±5.5 0.318 56.1±9.2 35.9±10.3 <0.001
Female, No. (%) 3 (60.0) 3 (60.0) 1.000 18 (72.0) 10 (40.0) 0.023
BMI (Kg/m2, mean ± SD) 23.3±2.9 22.7±2.1 0.759 22.9±2.6 22.3±2.2 0.368
Disease duration (years, mean ± SD) 9.0±3.0 - - 9.0±2.6 - -
RF Positive, No. (%) 5 (100.0) - - 22 (88.0) - -
ACPA Positive, No. (%) 4 (80.0) - - 19 (76.0) - -
TJC, median (IQR) 8.0 (5.0-10.5) - - 6.0 (5.0-8.0) - -
SJC, median (IQR) 7.0 (4.5-8.5) - - 6.0 (5.0-7.5) - -
ESR (mm/h, mean ± SD) 39.4±23.3 - - 39.6±19.6 - -
CRP (mg/L, mean ± SD) 85.3±51.2 - - 79.5±52.1 - -
DAS28_ESR score, mean ± SD 5.2±0.7 - - 5.1±0.5 - -
DAS28_CRP score, mean ± SD 5.3±0.7 - - 5.1±0.4 - -
RA: rheumatoid arthritis; RNA-Seq: RNA Sequencing; RT-qPCR: reverse transcriptional quantitative polymerase chain reaction; 
SD: standard deviation; BMI: body mass index; RF: rheumatoid factor; ACPA: anti-citrulline protein antibody; TJC: tender joint 
count; IQR: interquartile range; SJC: swollen joint count; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; DAS28: 
disease activity score in 28 joints.
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presented in Table 1. Since age and gender 
were different between RA patients and con-
trols in this period, PSM was performed to 
adjust the results about the comparison of 6 

candidate lncRNAs between RA patients and 
controls. Before adjustment, lncRNA MTCO- 
2P12 (P<0.001, Figure 4A), lncRNA KCNQ5- 
IT1 (P<0.001, Figure 4B) and lncRNA RP11-

Figure 1. PCA plot and heatmap analyses. PCA plot analysis (A) and Heatmap analysis (B) based on lncRNA expres-
sion profiles. PCA plot analysis (C) and Heatmap analysis (D) based on mRNA expression profiles.
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83J16.1 (P<0.001, Figure 4C) were greatly 
increased, while LINC00570 (P<0.001, Figure 
4D), lncRNA RP11-342M1.6 (P<0.001, Figure 
4E) and lncRNA REXO1L4P (P<0.001, Figure 
4F) were greatly decreased in RA patients  
compared to controls. After adjustment, lnc- 
RNA MTCO2P12 (P=0.021, Figure 4G), lncRNA 
KCNQ5-IT1 (P=0.049, Figure 4H) and lncRNA 
RP11-83J16.1 (P<0.001, Figure 4I) were also 
higher, while LINC00570 (P=0.007, Figure 4J), 
lncRNA RP11-342M1.6 (P<0.001, Figure 4K) 
and lncRNA REXO1L4P (P<0.001, Figure 4L) 
were greatly decreased in RA patients com-
pared to controls.

Correlation of six candidate lncRNAs with dis-
ease activity in RA patients

In RT-qPCR stage, lncRNA RP11-83J16.1 was 
observed to positively correlate with SJC (P= 
0.031), CRP (P=0.026) and DAS28_CRP (P= 
0.013), indicating its close implication with RA 

progression (Table 3). Furthermore, LINC00- 
570 negatively correlated with DAS28_CRP 
(P=0.021). No other correlations between the 
six candidate lncRNAs and disease activity 
indexes were observed (Table 3).

Effect of lncRNA RP11-83J16.1 on RA-FLS pro-
liferation, apoptosis, migration and invasion

After transfection, lncRNA RP11-83J16.1 was 
greatly upregulated in OE-Lnc group compar- 
ed to OE-NC group (P<0.001) but was greatly 
downregulated in KD-Lnc group compared to 
KD-NC group (P<0.001), indicating that the 
transfection outcomes were acceptable (Fig- 
ure 5A). Notably, cell proliferation was increas- 
ed in OE-Lnc group compared to OE-NC group 
(P<0.05) but was decreased in KD-Lnc group 
compared to KD-NC group (P<0.01) (Figure 
5B); cell apoptosis was reduced in OE-Lnc 
group compared to OE-NC group (P<0.01) but 
was higher in KD-Lnc group compared to KD- 

Figure 2. Volcano and enrichment analysis. Volcano plot analysis (A), GO enrichment analysis (B), and KEGG enrich-
ment analysis (C) based on differentially expressed lncRNAs. Volcano plot analysis (D), GO enrichment analysis (E), 
and KEGG enrichment analysis (F) based on differentially expressed mRNAs.

Table 2. Top 20 differentially expressed lncRNAs (10 upregulated and 10 downregulated) by RNA-Seq

Gene-ID Symbol Log2FC P value Padj value Trend

ENSG00000229344 LncRNA MTCO2P12 3.646004475 7.65E-05 0.002913406 UP
ENSG00000233844 LncRNA KCNQ5-IT1 3.460266482 0.000789351 0.011282588 UP
ENSG00000231409 LncRNA RP11-83J16.1 3.278440983 7.10E-08 5.81E-05 UP
ENSG00000239719 LncRNA RP4-800G7.1 3.132293271 0.000148659 0.004225799 UP
ENSG00000235225 LncRNA AC016712.2 3.072413106 5.04E-06 0.000831346 UP
ENSG00000240759 LncRNA RP11-25I15.1 3.061163872 1.67E-05 0.001392588 UP
ENSG00000270040 LncRNA RP11-416A14.1 3.053001302 0.000792662 0.01131312 UP
ENSG00000260948 LncRNA RP11-552M11.8 3.038398262 1.28E-06 0.00037042 UP
ENSG00000233040 LncRNA FAM204BP 3.019042378 1.68E-09 3.89E-06 UP
ENSG00000225447 LncRNA RPS15AP10 3.014635305 0.001448183 0.01614485 UP
ENSG00000224177 LINC00570 -2.987875317 0.002424475 0.022292939 DOWN
ENSG00000237090 LncRNA RP11-342M1.6 -2.867935528 0.002838059 0.02459816 DOWN
ENSG00000270416 LncRNA REXO1L4P -2.745740977 0.000750914 0.011071907 DOWN
ENSG00000223891 LncRNA OSER1-AS1 -2.71140094 1.14782E-05 0.001160521 DOWN
ENSG00000273160 LncRNA RP11-104L21.3 -2.703516412 0.001599269 0.017006167 DOWN
ENSG00000268119 LncRNA CTD-2561J22.5 -2.681488086 0.005047673 0.035598002 DOWN
ENSG00000231964 LncRNA RP11-67C2.2 -2.646038328 0.001299937 0.015166849 DOWN
ENSG00000240445 LncRNA FOXO3B -2.616382945 7.27608E-06 0.00099015 DOWN
ENSG00000225506 LncRNA CYP4A22-AS1 -2.616362506 0.001165543 0.014225331 DOWN
ENSG00000258128 LncRNA MKRN9P -2.60982294 0.002947411 0.025091281 DOWN
Top 10 upregulated and 10 downregulated lncRNAs were selected by the rank of absolute value of Log2FC. lncRNA: long non-
coding RNA; RNA-Seq: RNA Sequencing; FC: fold change.
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NC group (P<0.001) (Figure 5C, 5D); cell migra-
tion ability and invasion ability were enhanced 
in OE-Lnc group compared to OE-NC group 
(both P<0.01) but attenuated in KD-Lnc group 
compared to KD-NC group (both P<0.01) 
(Figure 6A-D).

Effect of lncRNA RP11-83J16.1 on RA-FLS in-
flammation and invasion related markers

Inflammation related markers (TNF-α, IL-1β  
and IL-6) were increased in OE-Lnc group  
compared to OE-NC group (all P<0.05) but 
decreased in KD-Lnc group compared to KD- 
NC group (all P<0.01) (Figure 7A-C). In terms  

of invasion related markers, MMP-3 and MMP- 
9 were increased in OE-Lnc group compared to 
OE-NC group (all P<0.01) but decreased in 
KD-Lnc group compared to KD-NC group (all 
P<0.05) (Figure 7D, 7E).

Effect of lncRNA RP11-83J16.1 on URI1 and 
its downstream β-catenin pathway in RA-FLS

URI1, FRAT1 and β-catenin mRNA expression 
levels were increased in OE-Lnc group com-
pared to OE-NC group (all P<0.05) but decre- 
ased in KD-Lnc group compared to KD-NC 
group (all P<0.05) (Figure 8A-C). Their protein 
expression levels showed a similar trend as 
their mRNA expressions did (Figure 8D).

Figure 3. Regulatory network of the top 20 differentially expressed lncRNAs.
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Effect of URI1 overexpression on lncRNA 
RP11-83J16.1 knockdown treated RA-FLS

So as to further explore whether lncRNA RP11-
83J16.1 regulates RA-FLS functions via URI1 
and its downstream β-catenin pathway, rescue 
experiments were conducted. LncRNA RP11-
83J16.1 (P>0.05, Figure 9A) was of no differ-
ence while URI1 (P<0.001, Figure 9B, 9C) was 

greatly increased in KD-Lnc&OE-URI1 group 
compared to KD-Lnc&OE-NC group. Cell prolif-
eration (P<0.05, Figure 9D), migration ability 
(P<0.05, Figure 9G, 9H) and invasion ability 
(P<0.05, Figure 9I, 9J) were all enhanced, 
whereas cell apoptosis (P<0.01, Figure 9E, 9F) 
was reduced in KD-Lnc&OE-URI1 group com-
pared to KD-Lnc&OE-NC group. Inflammation- 
and invasion-related markers TNF-α (P<0.05, 

Figure 4. Candidate lncRNAs in RT-qPCR stage. Before PSM adjustment, comparison of lncRNA MTCO2P12 (A), ln-
cRNA KCNQ5-IT1 (B), lncRNA RP11-83J16.1 (C), LINC00570 (D), lncRNA RP11-342M1.6 (E) and lncRNA REXO1L4P 
(F). After PSM adjustment, comparison of lncRNA MTCO2P12 (G), lncRNA KCNQ5-IT1 (H), lncRNA RP11-83J16.1 (I), 
LINC00570 (J), lncRNA RP11-342M1.6 (K) and lncRNA REXO1L4P (L).
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Figure 10A), IL-1β (P<0.05, Figure 10B), IL-6 
(P<0.01, Figure 10C), MMP-3 (P<0.05, Figure 
10D), and MMP-9 (P<0.05, Figure 10E) were  
all increased in KD-Lnc&OE-URI1 group com-
pared to KD-Lnc&OE-NC group. Furthermore, 
downstream genes of URI1 (FRAT1 and β-ca- 
tenin) were both higher in KD-Lnc&OE-URI1 
group than KD-Lnc&OE-NC group (Both P< 
0.05, Figure 11A-C).

Discussion

RA is an extremely complex auto-immune dis-
ease whose etiology is still unclear [21]. While 
it’s widely accepted that synovial hypertrophy, 
dysregulated immune cell infiltration (such as B 
cells, Th1 cells, Th2 cells and Th17 cells), and 
abnormal autoantibody levels account for its 
development and progression [22], genetic fac-

Table 3. Correlation of lncRNAs with RA disease activity

Items
LncRNA

MTCO2P12 KCNQ5-IT1 RP11-83J16.1 LINC00570 RP11-342M1.6 REXO1L4P
Disease duration r 0.026 0.044 0.176 0.027 -0.068 0.137

P value 0.900 0.834 0.400 0.899 0.746 0.514
TJC r 0.141 -0.009 0.213 -0.358 0.001 0.029

P value 0.500 0.966 0.306 0.079 0.996 0.891
SJC r 0.312 0.384 0.431 -0.193 -0.279 -0.046

P value 0.129 0.058 0.031 0.356 0.178 0.829
ESR r 0.071 0.137 0.160 -0.035 -0.294 0.032

P value 0.737 0.514 0.445 0.867 0.154 0.878
CRP r 0.126 0.272 0.444 -0.319 -0.238 -0.299

P value 0.548 0.188 0.026 0.120 0.253 0.146
DAS28_ESR score r 0.281 0.178 0.308 -0.265 -0.218 0.005

P value 0.174 0.395 0.135 0.200 0.294 0.980
DAS28_CRP score r 0.215 0.320 0.492 -0.460 -0.284 -0.248

P value 0.301 0.119 0.013 0.021 0.169 0.231
lncRNA: long non-coding RNA; TJC: tender joint count; SJC: swollen joint count; ESR: erythrocyte sedimentation rate; CRP: C-
reactive protein; DAS28: disease activity score in 28 joints.

Figure 5. LncRNA RP11-83J16.1 regulated RA-FLS proliferation and apoptosis. LncRNA RP11-83J16.1 expression 
(A), cell proliferation (B) and cell apoptosis rate (C, D) in OE-Lnc, OE-NC, KD-Lnc and KD-NC groups.
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Figure 6. LncRNA RP11-83J16.1 regulated RA-FLS migration and invasion. Cell migration ability (A, B) and cell invasion ability (C, D) in OE-Lnc, OE-NC, KD-Lnc and 
KD-NC groups.
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tors, such as lncRNAs, are also increasingly rec-
ognized to play a key role in RA pathogenesis 
[23, 24]. However, due to the short period since 
the identification of lncRNA involvement, only a 
limited number of researches of lncRNA profile 
in RA have been conducted. Briefly, a previous 
case-control study investigated lncRNA expre- 
ssion profile in serum from three RA patients 

sary adjustment to reduce the false positive 
rate, (3) they apply microarray but not RNA- 
Seq to detect the profile that would decreas- 
ed the detective number of lncRNAs, and they 
could not discover new lncRNAs based on mi- 
croarray. To resolve these issues, we assessed 
lncRNA expression profiles in five pairs of RA 
and control synovial tissues by RNA-Seq in the 

Figure 7. LncRNA RP11-83J16.1 
regulated TNF-α, IL-1β, IL-6, MMP-
3 and MMP-9 in RA-FLS. Inflam-
matory cytokines (including TNF-α 
(A), IL-1β (B), IL-6 (C)) and invasion 
markers (including MMP-3 (D) 
and MMP-9 (E)) in OE-Lnc, OE-NC, 
KD-Lnc and KD-NC groups.

Figure 8. LncRNA RP11-83J16.1 regulated URI1 and downstream β-catenin 
pathway. URI1 mRNA (A), FRAT1 mRNA (B) and β-catenin mRNA (C) ex-
pressions in OE-Lnc, OE-NC, KD-Lnc and KD-NC groups. URI1, FRAT1 and 
β-catenin protein expressions (D) in OE-Lnc, OE-NC, KD-Lnc and KD-NC 
groups. 

and three health controls us- 
ing microarray, finding 127 up- 
regulated and 37 downregu-
lated lncRNAs in RA patients, 
and these differentially expre- 
ssed lncRNAs are enriched in 
toll like receptors (TLRs) and 
nuclear factor-kappa B (NF-
κB) pathways [25]. Another 
previous study explored lnc- 
RNA expression profiles in 
PBMCs from three RA pati- 
ents and three health con- 
trols using microarray, identi-
fying a total of 2099 differ- 
entially expressed lncRNAs in 
RA patients, but without ad- 
justment [26]. These limited 
previous studies suggest the 
involvement of lncRNA ex- 
pression profiles in RA patho-
genesis, while (1) they mainly 
focus on the blood sample 
instead of disease lesion (sy- 
novium), (2) they lack neces-
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present study; we observed that lncRNA ex- 
pression profile could clearly distinguish RA 
patients from controls using PCA plots and 
heatmap analyses, revealing a close associa-
tion of lncRNAs in RA. Furthermore, we found 
190 upregulated lncRNAs and 131 downregu-
lated lncRNAs in RA patients compared to con-
trols, and they were enriched in proliferative/
immune/inflammatory pathways, such as the 

inflammatory mediator regulation of TRP chan-
nels, HIF-1 signaling pathway, B cell receptor 
signaling pathway, and AMPK signaling path-
way. Our results suggest that these lncRNAs 
might be involved in the RA development via 
the regulation of these pathways.

To assess the clinical value of specific lncRNAs 
in RA disease management, some meaningful 

Figure 9. URI1 overexpression regulated cell functions in lncRNA RP11-83J16.1 knockdown treated RA-FLS. lncRNA 
RP11-83J16.1 expression (A), URI1 mRNA expression (B), URI1 protein expression (C), cell proliferation (D), cell 
apoptosis rate (E, F), cell migration ability (G, H) and cell invasion ability (I, J) in KD-Lnc&OE-URI1 group and KD-
Lnc&OE-NC group.
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researches have been published recently. For 
instance, lncRNA Cox2 and lncRNA HOTAIR 
were shown to be upregulated in serum from 
RA patients compared to health controls [27]; 
lncRNA DILC was found to be overexpressed in 
plasma from RA patients compared to health 
controls, and it positively correlated with in- 
flammation, as indicated by plasma IL-6 levels 
in RA patients [28]. Furthermore, our collabo-
rate institution found that levels of lncRNA 
ITSN1-2 were increased in synovial tissues 
from RA patients compared to controls, which 
also correlated with increased inflammation 
and disease activity in RA patients [7]. These 
previous studies show the clinical significance 
of several specific lncRNAs in RA risk or moni-

toring. In our present study, we further select- 
ed the six most differentially expressed lnc- 
RNAs as candidates based on the FC between 
RA patients and controls using RNA-Seq, and 
then validated their expression levels via RT- 
qPCR in a larger number of patients and con-
trols. Interestingly, via RT-qPCR assay, we not 
only observed that these six candidate lnc- 
RNAs were greatly dysregulated in RA pati- 
ents compared to controls before data adjust-
ment, but were also dramatically dysregulated 
in RA patients compared to controls after ad- 
justment, indicating a potential role for these 
lncRNAs as biomarkers of RA risk prediction. 
More excitingly, among these six candidates, 
lncRNA RP11-83J16.1 was not only greatly in- 

Figure 10. URI1 overexpression reg-
ulated TNF-α, IL-1β, IL-6, MMP-3 and 
MMP-9 in lncRNA RP11-83J16.1 
knockdown treated RA-FLS. Inflam-
matory cytokines (including TNF-α 
(A), IL-1β (B), IL-6 (C)) and invasion 
markers (including MMP-3 (D) and 
MMP-9 (E)) in KD-Lnc&OE-URI1 
group and KD-Lnc&OE-NC group.

Figure 11. URI1 overexpression regulated FRAT1 and β-catenin in lncRNA RP11-83J16.1 knockdown treated RA-
FLS. FRAT1 mRNA (A) and β-catenin mRNA (B) expressions in KD-Lnc&OE-URI1 group and KD-Lnc&OE-NC group; 
FRAT1 and β-catenin protein (C) expressions in KD-Lnc&OE-URI1 group and KD-Lnc&OE-NC group.
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creased in RA patients compared to controls, 
but also positively correlated with SJC, CRP  
and DAS28_CRP score, indicating its close as- 
sociation with RA progression. Therefore, we 
also performed in vitro experiments to explore 
its potential effects on the regulation of RA-FLS 
functions.

In the aspect of regulating cellular functions of 
some specific lncRNAs in RA, increasing atten-
tions have been initiated. A previous study sh- 
owed that the inhibition of lncRNA PVT1 redu- 
ced RA-FLS proliferation and inflammation, wh- 
ile induced apoptosis by the demethylation of 
sirtuin 6 [28]. Another study found that lncRNA 
MEG3, a commonly investigated inflammation- 
and immune-related non-coding RNA, attenu-
ated RA progression though sponging miR- 
141/AKT/mTOR signaling pathway [29]. Mean- 
while, lncRNA GAPLINC was shown to stimu- 
late RA-FLS proliferation, migration, invasion 
and inflammation by blocking miR-382-5p and 
miR-575 [30]. Moreover, lncRNA UCA1 was sh- 
own to promote RA-FLS proliferation while re- 
ducing its apoptosis via regulating Wnt6 [31]. 
However, as for lncRNA RP11-83J16.1 discov-
ered in our study, no related reports have been 
shown. In the present study, based on the clini-
cal findings, we further explored the effects of 
lncRNA RP11-83J16.1 on the regulation of RA- 
FLS cellular functions. We found that lncRNA 
RP11-83J16.1 promoted cell proliferation, mi- 
gration, invasion and inflammation, while re- 
duced cell apoptosis in RA-FLS. These results 
might be explained by (1) its interaction with 
URI1 and downstream β-catenin pathway in 
RA-FLS, which was validated in the rescue ex- 
periment as well; (2) RNA-Seq analysis show- 
ed lncRNA RP11-83J16.1 positively correlated 
with several genes such as WD repeat domain 
36 (WDR36) and glutamyl-prolyl-tRNA synthe-
tase (EPRS), meanwhile these genes were im- 
plicated in regulation of cell proliferation and 
inflammation, therefore lncRNA RP11-83J16.1 
might regulate RA-FLS functions via the inter- 
action with these genes, but this speculation 
needed further experiments to validate. Furth- 
ermore, we also subsequently performed res-
cue experiments via co-transfecting lncRNA 
RP11-83J16.1 knockdown and URI1 overex-
pression plasmids into RA-FLS, and observed 
that URI1 overexpression compensated the re- 
gulatory effect of lncRNA RP11-83J16.1 kno- 
ckdown in RA-FLS, which implied that lncRNA 

RP11-83J16.1 took effect via regulating URI1 
and its downstream β-catenin pathway in RA- 
FLS.

In conclusion, this current study uncovered the 
involvement of lncRNA expression profiles in  
RA development, and showed that the novel 
lncRNA RP11-83J16.1 not only correlates with 
increased RA risk, inflammation and disease 
activity, but also promotes RA-FLS prolifera-
tion, migration, invasion, and inflammation by 
regulating URI1 and downstream β-catenin 
pathway components.
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Supplementary Table 1. Antibodies
Antibody Company Dilution
Primary Antibody
    Rabbit polyclonal to C19orf2 (URI1) Abcam (UK) 1:1000
    Rabbit monoclonal to FRAT1 Abcam (UK) 1:3000
    Rabbit polyclonal to beta Catenin (β-catenin) Abcam (UK) 1:2000
    Rabbit monoclonal to GAPDH Abcam (UK) 1:5000
Secondary Antibody
    Goat Anti-rabbit IgG-HRP Abcam (UK) 1:10000

Supplementary Table 2. Primers
Gene Forward Primer (5’-3’) Reverse Primer (5’-3’)
LncRNA MTCO2P12 CCGCCATCATCCTAGTCCTTAT TGAAGATTAGTCCGCCGTAGTC
LncRNA KCNQ5-IT1 GAACGATGTGGACCTGACCTC CTGATGTAGCTGATGTGAGTAAGTC
LncRNA RP11-83J16.1 AAGTGTGGCAAGCACCAACC CTCAAGCCTTAGCACAATCTTTG
LINC00570 CTGGAAGGTGGAGCGTAAGGA GTGCCAATGCCGCCAATCT 
LncRNA RP11-342M1.6 CCGATGGTTGCTGCCTAGAGA GTGTGGTTGCCGTTGGAGAG
LncRNA REXO1L4P TGGCTTCGTGGAGACCTTCA GCAGGATGGCTTGGACTTGG
URI1 CTTGCAGTGACACCAGTGAGAG TCAGGACCACCACTCTCAACT
FRAT1 CCAACCAGAAACCCGCACAG AGATGCTTCCAACAGAACTTCCTT
β-catenin CCGACACCAAGAAGCAGAGAT GCACGAACAAGCAACTGAACT
GAPDH GACCACAGTCCATGCCATCAC ACGCCTGCTTCACCACCTT


