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MiR-338-5p suppresses rheumatoid arthritis synovial 
fibroblast proliferation and invasion by targeting ADAMTS-9

Y. Sun, X. Sun, Z. Liu, X. Wang, Y. Li

Department of Rheumatology, the Second Affiliated Hospital of Harbin Medical University, 
Heilongjiang, China.

Abstract
Objective

We proposed to find out the role of miR-338-5p played in cell proliferation and invasion of rheumatoid arthritis 
synovial fibroblasts (RASFs) by regulating ADAMTS-9.

Methods
QRT-PCR was performed to quantify the miR-338-5p and ADAMTS-9 mRNA expression in RA sample tissues and normal 
synovial tissues. Western blot was performed to evaluate the ADAMTS-9 protein levels in transfected RASFs. Luciferase 
reporter assays were used to demonstrate whether miR338-5p directly targets ADAMTS-9. MTT, Transwell and wound 

healing assays were respectively used to evaluate the growth and mobility of RASFs. Flow cytometry was applied to 
detect cell cycle distributions and apoptosis rates in transfected RASFs.

Results
MiR-338-5p was significantly downregulated in rheumatoid arthritis (RA) tissues while ADAMTS-9 was obviously 
overexpressed (p<0.001). Luciferase reporter assays demonstrated that miR-338-5p directly targeted ADAMTS-9. 
Moreover, overexpression of miR-338-5p suppressed RASFs biological functions and induced G0/G1 arrest and 

apoptosis of RASFs (p<0.001), while all the effects could be efficiently attenuated by the upregulation of ADAMTS-9.

Conclusion
By inhibiting ADAMTS-9, miR-338-5p suppressed the proliferation and metastasis of rheumatoid arthritis synovial 

fibroblasts. Thus, replenishing miR-338-5p may be a potential therapy for the clinic management of RA.
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Introduction
Rheumatoid arthritis (RA) is a systemic 
inflammatory disease that progres-
sively destroys the joints and severely 
jeopardises the normal life of patients 
(1, 2). Common clinical symptoms in-
clude non-septic proliferative synovitis, 
articular dysfunctions, inflammation 
around the lung and heart and even life-
long disability (3-5). Clustering in the 
centre of pathogenic lesion, generating 
various chemokines and matrix-degrad-
ing enzymes to modulate the interaction 
with adjacent inflammatory tissues, 
Rheumatoid arthritis synovial fibro-
blasts (RASFs) actively contributed to 
the initiation and perpetuation of RA 
(1, 2). Previous studies indicated that 
RASFs share similar properties with 
tumour cells: aberrant cell prolifera-
tion, migration and invasion, as well as 
decreased cell apoptosis (3, 6). Further-
more, RASFs were found to be respon-
sible for the destruction of surrounding 
tissues and act a pro-inflammatory role 
in immune responses (7). Therefore, 
figuring out the potential mechanism 
regulating the proliferation and metas-
tasis of RASFs in RA pathology was 
meaningful to provide novel treatment 
strategies.
MicroRNAs (miRNAs) are a collec-
tion of small non-coding RNAs, each 
consisting of about 20 nucleotides (8). 
Accumulating evidence manifests the 
gene expression regulation function of 
miRNAs (9). It is predicted that human 
genome contains approximately 1500 
miRNAs that may have control over 
the expression of about one third of our 
genes (10). The abnormal expression 
of various miRNAs might be impli-
cated with the pathogenesis of severe 
disorders, such as cancer and infection 
(10, 11). Specific to immune-mediated 
disorders, the potential effect of miR-
NAs on RA has recently arisen indi-
cating that a miRNA-based therapeu-
tic method is plausible (10). In 2011 
Stanczyk et al. revealed the puzzling 
altered-expression of miR-203 at dif-
ferent stages of RA samples (12). By 
targeting Follistatin-Like Protein 1 and 
restraining the TLR4/NFB pathway, 
miR-27a inhibited the migration and 
invasion of RASFs (13). MiR-338-5p 
has been reported as tumour-suppres-

sor in colorectal cancer, gastric cancer, 
hepatocellular carcinoma, etc., inhibit-
ing the tumour progress and metastasis 
(14-16). However, the effects of miR-
338-5p in RASFs have long been over-
looked while the microarray assays 
demonstrated a possible link to the pro-
motion of RASF which thus interested 
us. Then with a series of experiments, 
we observed aberrant levels and signif-
icant effects of miR-338-5p in RASFs.
To explore the regulatory mechanism 
of miR-338-5p, we combined the anal-
ysis of microarray assays and TargetS-
can database and found the potential 
downstream gene, ADAMTS-9, which 
was directly targeted by miR-338-5p. 
A disintegrin-like and metalloprotein-
ase with thrombospondin type 1 motif 
(ADAMTS) is a group of genes en-
coding corresponding enzymes. AD-
AMTS-9, a member of the family, is 
located on chromosome 3p14.2 and 
has been confirmed to be involved in 
the inhibition of cell-autonomous angi-
ogenesis which lead to the suppression 
of human cancers (17). However, AD-
AMTS-9 also functions as aggrecanase 
gene proteolytically process aggrecan 
and has a synergistic effect on other 
pro-inflammatory cytokines, which ac-
companies a series of cellular respons-
es that contribute to the degradation of 
human cartilage (18). Thus, we took 
great interest in the role of ADAMTS-9 
in RASFs pathogenesis and its interac-
tion with miR-338-5p.
In this study, we explored the concrete 
role miR-338-5p in the proliferation, 
metastasis and apoptosis of RASF and 
verified the potential regulatory mech-
anism by targeting ADAMTS-9. The 
results suggest that restoring miR-338-
5p expression might be a new therapy 
for clinical management of RA.

Materials and methods
Clinical sample collection
A total of 15 cases of synovial tissues 
were obtained from RA patients during 
knee joint replacement surgery in the 
Second Affiliated Hospital of Harbin 
Medical University between September 
2014 and February 2016. All the RA 
patients recruited were diagnosed ac-
cording to 1987 revised criteria of the 
American College of Rheumatology 
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(ACR) (19). 10 cases of normal syno-
vial tissues were collected from patients 
undergoing total knee joint replacement 
or amputation due to serious trauma. 
All sample tissues were stored in brine 
ice. None of the patients had received 
any preoperative treatments. Writ-
ten informed consents were provided 
by every patient and the research was 
supported by the Institutional Review 
Board of the Second Affiliated Hospital 
of Harbin Medical University.

Cell culture
The RA synovial tissues obtained were 
cut into pieces and digested by trypsin 
for 4h. Then the cells were harvested 
after centrifugation and incubated in 
DMEM (Hyclone, USA) containing 
20% FBS (Hyclone, USA). The fifth 
to eighth generations of passaged cells 
were harvested for further experiments 
when grown to 90% confluence. HU-
VEC was purchase from BeNa Cul-
ture Collection and maintained in cell 
culture flasks coated with 0.1% gela-
tin (Wako Pure Chemical Industries, 
Ltd) in endothelial cell basal medium 
(Invitrogen, Grand Island, NY, USA) 
supplemented with low serum growth 
supplement (Invitrogen, Grand Island, 
NY, USA). Confluent cultures of HU-
VECs were serially passaged and used 
between passages 3 and 6. All cells are 
incubated at 37℃ in 5% CO2 in humid-
ified incubator.

RNA isolation and quantitative 
Real Time-PCR (qRT-PCR)
Total RNA of collected samples was 
extracted using TRIzol Reagent (Inv-
itrogen, USA). For miRNA detection, 
cDNAs were transcribed and qRT-PCR 
analysis was applied using a sequence 
detector (ABI-Prism, Applied Biosys-
tems). U6 snRNA was used as an in-
ternal reference for miR-338-5p while 
GAPDH was for ADAMTS-9. The rel-
ative quantification of gene expression 
was calculated with the 2-ΔΔCt method. 
Specific primer sequences set for miR-
338-5p and ADAMTS-9 are listed in 
Table I.

Cell transfection
For transient transfections, RASFs and 
HUVEC cells were seeded in a 24-well 

plate. After cell fusion reached more 
than 70%, cells were subsequently 
transfected with miR-338-5p mimics, 
mimics control, miR-338-5p inhibitors 
or ADAMTS-9 siRNA respectively us-
ing LipofectamineTM2000 (Invitrogen, 
USA) as instructions guided. MiR-338-
5p mimics, inhibitors and their controls 
were synthesised and purified by Ge-
nePharma Co, LTD (Shanghai, China).

Luciferase reporter assays
The plasmids with wild or mutated se-
quence of ADAMTS-9 3’UTR were 
sub-cloned into pmiRGLO Dual-Lucif-
erase miRNA Target Expression Vector 
(Promega, USA). When RASFs grew 
to 80% confluence, cells were then 
co-transfected with plasmids contain-
ing wild or mutant type ADAMTS-9 
3’UTR and miR-338-5p mimics or 
control. After 48h of incubation, a Sir-
ius Luminometer (Berthold Detection 
Systems, Germany) was used to meas-
ure Firefly and Renilla luciferase activi-
ties. Data were shown as Firefly/Renilla    
luciferase ratios.

Western blot
After 48 of incubation, the total protein 
of frozen RASFs was extracted using 
RIPA Reagent (Invitrogen, Carlsbad, 
CA, USA) and its concentration was 
detected using the bicinchoninic acid 
protein assay kit (Beyotime, China). A 
total amount of 100 μg protein sample 
was separated by SDS-PAGE and elec-
tro-transferred to PVDF membranes 
(Santa Cruz biotechnology, Inc., USA). 
PVDF membranes were then blocked 
with 5% non-fat milk and incubated 
overnight with rat anti-human AD-
AMTS and GAPDH primary antibod-
ies (Abcam, Cambridge, USA), diluted 
at 1:1000. The membranes were sub-
sequently incubated with horseradish 
peroxidase-labeled goat anti-rat sec-
ondary antibodies (diluted at 1:4000) 
for 1 h. Protein levels were visualised 

using chemiluminescence detection 
(SignaGen, Rockville, MD, USA).

Endothelial cell tube formation assay
After 48h of transfection, HUVECs 
(2×104 cells/ml) were seeded in a 
96-well tissue culture plate (50 μl 
per well) coated with Growth factor-
depleted Matrigel (BD Pharmingen, 
Bedford, MA, USA). Plate was incu-
bated at 37 °C, 5% CO2 for 12 h, tube 
forming condition was observed under 
Zeiss Observer Z1 microscope (×100). 
Each experiment was conducted in 
triplicate.

MTT assay
Twenty-four hours after transfection, 
transfected cells were harvested and 
seeded into a 96-well plate at the den-
sity of 5×103 cells per well. 10 μl MTT 
reagent (Sigma-Aldrich, St Louise, 
MO, USA) was added to the 96-well 
plate once a day within 72h. Additional 
100μl DMSO solution was added after 
centrifugation at 1000 rpm for 5min. 
The absorbance of tested RASFs was 
measured at 570 nm under a multi-well 
spectrophotometer (bio-Tek Instru-
ments, Winooski, VT, USA).

Transwell assay
After 36h of transfection, RASFs were 
harvested and digested with trypsin and 
re-suspended in DMEM. An amount of 
2×105 RASFs were grown in the upper 
Transwell chambers coated with 100μL 
Matrigel (BD biosciences, Bedford, 
MA, USA) while 100 μL 10% FBS 
were added to the lower chambers. The 
chambers were incubated for 24h, then 
fixed by paraformaldehyde and subse-
quently stained by crystal violet for 30 
min. The average cell numbers of ran-
dom five fields were observed, photo-
graphed and recorded under an optical 
microscope. The numbers of RASFs 
invaded through Matrigel-coated mem-
branes were calculated.

Table I. Specific primer sequences for RT-PCR.

 Forward primers Reverse primers

MiR-338-5p 5’-AACAAUAUCCUGGUGCUGAGU-3’ 
ADAMTS-9 5’-GGACAAGCGAAGGACATCC-3’ 5’-ATCCATCCATAATGGCTTCC-3’
U6 5’ -CTCGCTTCGGCAGCACA-3’ 5’-AACGCTTCACGAATTTGCGT-3’
GAPDH 5’-GATTTGGTCGTATTGGGC-3’ 5’-CGTGTTGTCATACTTCTC-3’
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Fig. 2. ADAMTS-9 was a direct target for miR-338-5p. A: Predicted target sequence of miR-338-5p in the 3’UTR of ADAMTS-9 and the mutated sequence 
of the 3’UTR. B: Luciferase reporter assays in RASFs co-transfected with wild or mutant ADAMTS-9 vectors and miR-338-5p mimics or mimics control. C: 
qRT-PCR was utilised to determine the miR-338-5p and ADAMTS-9 expression at 48h after transfection. D: Western blot was used to detect the protein level 
of ADAMTS-9, VEGF-C and α-SMA at 48h after transfection. Semi-quantitative analysis was performed using Image J. E: Tube formation of transfected HU-
VEC cells was performed to study the angiogenesis effect of miR-338-5p/ADAMTS-9. Data was presented as mean ± SD from three independent experiments. 
p<0.001 compared with the Mock group. Data was presented as mean±SD from three independent experiments. p<0.001 compared with the Mock group.

Fig. 1. A: MiR-338-5p was downregulated in RA sample tissues while ADAMTS-9 was upregulated. B: MiR-338-5p and ADAMTS-9 mRNA expression 
levels in RA tissues and normal synovial tissues. C: The protein levels of ADAMTS-9 in RASFs were detected with Western blot.
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Wound healing assay
After 36h of transfection, cells were 
harvested and seeded into a 6-well plate 
at a density of 1×105 cells/well. When 
grown to 90% confluence, wound were 
created using a 200 μl pipette tip and 
washed three times by PBS to remove 
the debris. Wound healing was ob-
served and photographed after 24h of 
incubation within the scrape line using 
an optical microscope.

Cell cycle and apoptosis detection
RASFs seeded in plates were harvested 
after transfection for 48 h, then digest-
ed by trypsin and fixed by ice ethanol. 
For cell cycle detection, RASFs were 
washed twice by ice PBS followed with 
an additional of 100 μl PI dye and 100 
μl RNaseA in a dark condition. Subse-
quently, propidium iodide (PI) was add-
ed for colouring. Flow cytometry was 
then performed to quantify the propor-
tions of RASFs in each cycle phase. For 
cell apoptosis detection, RASFs were 
centrifuged at 1000 rpm for 5 mins, 
which was followed by the addition 
of 100 μl AnnexinV-FITC and 100 μl 
PI in a dark condition. Flow cytometry 

was performed again to analyse cell ap-
optosis in early or advanced stage and 
necrosis.

Statistical analysis
All data were analysed with GraphPad 
Prism 6.0. Continuous data were dis-
played as mean ± standard deviation (x- 
± SD), in which the differences within 
two different groups were analysed by 
Student’s t-test while one-way ANOVA 
were performed to analyse the differ-
ence among multiple groups. p-value 
<0.05 was regarded as statistically sig-
nificant.

Results
MiR-338-5p was downregulated in 
RA synovial tissues while ADAMTS-9 
was upregulated
To investigate whether miR-338-5p 
was involved in the pathogenesis of 
RA, we detected the expression in RA 
sample tissues which was compared 
with normal synovial tissues. QRT-
PCR revealed that miR-338-5p was 
significantly downregulated in RA tis-
sues in comparison with normal syno-
vial tissues (Fig. 1a, p<0.001). Mean-

while, the ADAMTS-9 mRNA expres-
sion level was quantified in passaged 
RA synovial tissues and corresponding 
normal synovial tissues. Interestingly, 
qRT-PCR revealed that the expression 
of ADAMTS-9 was obviously down-
regulated in RA synovial tissues (Fig. 
1b, p<0.001). Western blot was further 
performed to investigate the protein 
expression of ADAMTS-9 in both RA 
and normal synovial tissues. Results in-
dicated that ADAMST-9 was frequently 
downregulated in RA synovial tissues, 
which was consistent with previous 
data (Fig. 1c, p<0.001).

ADAMTS-9 was a direct target 
for miR-338-5p
For further detection, a biological pre-
diction database, TargetScan was used 
to find potential targets of miR-338-5p. 
ADAMTS-9 was selected for its 3’-
UTR sequence contained binding sites 
that were complementary with miR-
338-5p (Fig. 2a). Luciferase reporter 
assays were applied to validate the pre-
diction. It was verified that the over-
expression of miR-338-5p in RASFs 
significantly inhibited the luciferase 

Fig. 3. MiR-338-5p suppressed RASFs proliferation and mobility of RASFs. A: The effect of miR-338-5p on RASFs proliferation measured by MTT 
assay. B: The numbers of RASFs that invaded through Matrigel-coated membrane were calculated 72 hours after transfection. C: Wound healing assay 
was performed to evaluate the effect of miR-338-5p on RASFs migration. Data was presented as mean±SD from three independent experiments. p<0.001 
compared with the Mock group.
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activity of ADAMTS-9 site in the wild 
type, while it was rarely affected in the 
mutated type (Fig. 2b, p<0.001). The 
results demonstrated that ADAMTS-9 
was a direct target for miR-338-5p. 
Subsequently, we performed trans-
fection to mediate the expression of 
miR-338-5p and set the following five 
groups as: Mock group (only treated 
with reagents), NC group (transfected 
with miR-338-5p mimics control), 
Mimics group (transfected with miR-
338-5p mimics), Inhibitor group (trans-
fected with miR-338-5p inhibitor) and 
In+siA-9 group (co-transfected with 
miR-338-5p inhibitor and ADAMTS-9 
siRNA). QRT-PCR was performed to 
determine the expression of miR-338-
5p while Western blot was applied to 
investigate whether miR-338-5p regu-
lated ADAMTS-9 protein expression. 

As shown in Figure 2c, miR-338-5p 
efficiently increased in the Mimics 
group and decreased in the Inhibitor 
and In-siA9 group (p<0.001). Consid-
ering few differences were observed 
between Inhibitor and In-siA9 group, 
siADAMTS-9 was not able to affect the 
level of miR-338-5p. Also miR-338-5p 
mimics obviously suppressed the AD-
AMTS-9 mRNA levels compared with 
Mock and NC groups and miR-338-
5p inhibitors obviously enhanced its 
expression while the enhancement of 
miR-338-5p was totally attenuated by 
ADAMT-9 siRNA (p<0.001). Protein 
level of ADAMTS-9 was also measured 
with Western blot assay (Fig. 2c) and 
all groups showed the similar expres-
sion trends with ADAMTS-9 mRNA. 
Taken together, miR-338-5p directly 
targeted ASAMTS-9 in RASFs.

MiR-338-5p inhibited angiogenesis 
in HUVEC
The protein level of α-SMA and 
VEGF-C was also detected after ma-
nipulation of miR-338-5p and AD-
AMTS-9 in RAFLs. Semiquantitative 
analysis was performed with Image J. 
As shown in Figure 2d, the expression 
of α-SMA and VEGF-C decreased in 
the Mimics group and increased in the 
Inhibitor group. Also, cotransfection 
of ADAMTS-9 siRNA could attenuate 
the promoting effect of miR-338-5p. 
To further explore the effect of miR-
338-5p/ADAMTS-9 on angiogenesis, 
tube formation was performed. En-
dothelial cells (HUVEC) form tube 
like structure when these cells were 
seeded on matrigel. The average num-
ber of branches was calculated (Fig. 
2e). Compared with the branch num-

Fig. 4. MiR-338-5p induced G0/G1 arrest and induced apoptosis in RASFs. A: The cell cycle distribution of RASFs transfected with miR-338-5p mimics, 
inhibitor or ADAMTS-9 siRNA was detected using flow cytometry 48 hours after transfection. B: Cell apoptosis rate of RASFs was detected using flow 
cytometry and Annexin V-FITC/PI staining 48 hours after transfection. Data was presented as mean±SD from three independent experiments. p<0.001 
compared with the Mock group.
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ber in the Mock group, reduction was 
observed in the Mimics group while 
increasing was obtained in the Inhibi-
tor group. Taken together, miR-338-5p 
functions as an anti-angiogenesis role 
via suppressing ADAMTS-9.

The role of miR-338-5p played in 
RASFs’ biological functions
To detect the biological functions of 
miR-338-5p in RASFs, we restored 
or reduced its expression respectively 
through transfection of miR-338-5p 
mimics or inhibitors. MTT assay indi-
cated that miR-338-5p mimics signifi-
cantly suppressed the growth of RASFs 
compared with control and blank con-
trol groups while its inhibitors played 
a completely opposite role (Fig. 3a, 
p<0.001). Transwell assay showed 
that obviously fewer cells transferred 
through Matrigel with overexpression 
of miR-338-5p in comparison with 
control and blank control groups, sug-
gesting that miR-338-5p could promote 
the growth of RASFs. Meanwhile, the 
downregulation of miR-338-5p obvi-
ously strengthened the RASFs’ inva-
siveness (Fig. 3b, p<0.001). Wound 
healing assay revealed that miR-338-5p 
mimics frequently inhibited the RASFs 
migration (Fig. 3c, p<0.001). In all pre-
vious experiments, ADAMTS-9 siRNA 
could efficiently abrogate the promot-
ing effect of miR-338-5p inhibitor on 
proliferation, invasion and migration.
To further figure out the role of miR-
338-5p on RASFs biological functions, 
low cytometry was applied to investi-
gate RASFs cell cycle distribution and 
apoptosis rates. As shown in Figure 4a, 
down-regulation of miR-338-5p signifi-
cantly increased the number of cells in 
the S phase and G2/M phase while over-
expression of miR-338-5p induced G0/
G1 phase arrest compared with control 
and blank control groups (p<0.001). 
Meanwhile, the overexpression of 
miR-338-5p rarely induced RASFs ap-
optosis and miR-338-5p inhibitor effi-
ciently suppressed apoptosis (Fig. 4b, 
p<0.001). Similarly, ADAMTS-9 at-
tenuated the functions of miR-338-5p 
on RASFs’ cell cycle and apoptosis.
All the data above indicated that by 
down-regulating ADAMTS-9, miR-
338-5p suppressed the proliferation, 

invasion and migration of RASFs, effi-
ciently induced G0/G1 phase arrest and 
cell apoptosis.

Discussion
In a microenvironment, the over pro-
liferation of RASFs has been directly 
linked to the initiation and progression 
of RA (6, 10). Interestingly, RASFs can 
be expanded in cell culture and also es-
cape contact inhibition which are the 
features of tumour transformation (20). 
Considering the behavior of RASF is in 
some way similar to that of human can-
cer cells, it inspired us to speculate its 
passive regulation under miRNAs (1).
MiRNAs are short non-coding RNAs 
interfering with the post-transcription 
process of proteins by binding to the 3’ 
UTR of certain mRNAs (21, 22). Ac-
cumulating evidence has made the bi-
ologists and medical scientists believe 
that miRNAs are predominant in the 
tumourigenesis and immune inflamma-
tion of humans and have the potential 
to act as efficient biomarkers in vari-
ous diseases (23-27). Altered expres-
sions of different miRNAs have been 
observed in immune cells derived from 
RA patients (28-30). For instance, it 
is revealed that miR-155 is a positive 
regulator while miR-146a is a nega-
tive one of inflammation in RA (31-
33). In our study, by examining 15 RA 
synovial tissues samples and 10 normal 
samples with qRT-PCR test, miRNA-
338-5p was found downregulated in 
RA synovial tissues compared to the 
normal samples. For the time being, the 
detailed relationship between miRNAs 
and RA is yet investigated. MiRNAs are 
embraced as novel potential markers of 
various disease including RA, and miR-
NA-based breakthrough in RA diagno-
sis and treatment is therefore expected 
(10). In our study, miRNA-338-5p was 
found aberrantly downregulated in RA 
synovial tissues compared with the nor-
mal tissues and inhibited the viability, 
proliferation, migration and invasion 
of RASFs, which makes it a promising 
biomarker for RA diagnosis. 
Aggrecan is regarded as one of the most 
common proteoglycans in articular car-
tilage, enabling articular cartilage to 
bear great physical forces and move 
smoothly. The damage to aggrecan 

can lead to the inflammation of carti-
lages and induce progression of vari-
ous types of arthritis (34). During the 
development of RA, the cartilage ma-
trix is invaded by fibroblasts originating 
from the synovial tissues (35), and the 
degradation of aggrecan is required in 
this process. Belonging to metallopro-
teinases, both MMPs and ADAMTSs 
were overexpressed in RASFs and con-
tributed to the damage of joint tissues 
by impairing the extracellular aggre-
can in both RA and osteoarthritis (36, 
37). Experiments also revealed that 
ADAMTS-9 is involved in inflamma-
tory responses associated with cartilage 
damage (38, 39). Our study confirmed 
that the up-regulation of miR-338-5p 
directly suppressed the expression of 
ADAMTS-9 according to dual-lucif-
erase assay. Afterwards, co-transfection 
and associated experiments were per-
formed which confirmed the suppress-
ing effects of miR-338-5p on RASFs 
proliferation and metastasis were effi-
ciently attenuated by ADAMTS-9 siR-
NA, verifying miR-338-5p functions 
via the regulation of ADAMTS-9.
For the first time, the role of miR-338-
5p in RA was studied. Admittedly, flaws 
exist in our findings. To enrich our study, 
we intended to conduct in vivo experi-
ments to comprehensively rationalise 
the assertions we have made. Besides, 
it is acknowledged that the targets of a 
single miRNA are usually multiple (40), 
which leaves us wonder if there exist 
other genes targeted by miR-338-5p to 
make a difference in the behaviours of 
RASFs. There is still a long way to go 
before we eventually figure out the in-
teractions of miRNAs and genes during 
RA pathogenesis and development.
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