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MicroRNA-421 promotes inflammatory
response of fibroblast-like synoviocytes in
rheumatoid arthritis by targeting SPRY1
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Abstract. — OBJECTIVE: The aim of this
study was to investigate whether microRNA-421
could participate in the proliferative, migratory
and inflammatory changes of fibroblast-like sy-
noviocytes (FLS) in rheumatoid arthritis by tar-
geting SPRY1.

PATIENTS AND METHODS: The expressions
of microRNA-421 and SPRY1 in synovial tis-
sues and FLS were detected by quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR)
and Western blot, respectively. The binding con-
dition between microRNA-421 and SPRY1 was
verified by the Dual-Luciferase reporter gene
assay. MicroRNA-421 mimics and inhibitor were
constructed and transfected. The levels of ex-
tracellular interleukin-1 (IL-1), IL-6, and COX2
in FLS after microRNA-421 mimics or inhibitor
transfection were detected by enzyme-linked
immunosorbent assay (ELISA). The regulato-
ry effect of microRNA-421 on the proliferation
and migration of FLS was detected using cell
counting kit-8 (CCK-8) and transwell assay, re-
spectively. Furthermore, collagen-induced RA
mouse model was constructed to confirm the
specific effect of microRNA-421 on regulating
RA development.

RESULTS: MicroRNA-421 was highly expressed
in the synovial tissues of RA patients. SPRY1 ex-
pression in FLS was negatively regulated by mi-
croRNA-421. Moreover, the overexpression of mi-
croRNA-421 significantly promoted proliferative,
invasive potentials and inflammatory response
of FLS. In vivo, RA mouse model indicated that
downregulated microRNA-421 and upregulated
SPRY1 were observed in mice injected with cor-
tisone and microRNA-421 inhibitor when com-
pared with those of controls.

CONCLUSIONS: MicroRNA-421 promotes the
inflammatory response of fibroblast-like synov-
iocytes in rheumatoid arthritis by downregulat-
ing the SPRY1 expression.
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Introduction

Rheumatoid arthritis (RA) is a long-term
systemic inflammatory disease. However, its
pathogenesis has not been well elucidated. Cur-
rently, RA is considered as an autoimmune
disease'? which is characterized by hyperpla-
sia of synovial tissues, vasospasm formation
and bone erosion. The main symptoms of RA
patients include symmetrically swollen joint,
joint pain, morning stiffness and deformity’.
Fibroblast-like synoviocytes (FLS), also known
as synovial fibroblasts (SFs), are B-type cells
distributed in the lining layer of normal synovial
tissues. FLS have similar characteristics to can-
cer cells, reflecting the abnormal proliferation
and apoptosis under pathological conditions of
RA* Meanwhile, FLS in RA patients release
various cytokines, resulting in abnormal prolif-
eration of synovial tissues, infiltration of inflam-
matory cells and erosion of cartilage and bone.
This may eventually lead to joint destruction
and deformity®. Therefore, abnormal prolifer-
ation and apoptosis of FLS are considered as
major causes for RAS.

MicroRNA is an important molecule that is
capable of regulating target gene expressions.
Accumulating evidence has indicated that mi-
croRNAs participate in signal transduction pro-
cesses of innate immunity, adaptive immunity
and inflammatory factors’. MicroRNAs are en-
dogenous, non-coding, small RNA with 22 nucle-
otides in length. Previous studies have indicated
that microRNA is highly conserved in evolution.
Meanwhile, it is encoded by genomic DNA and
transcribed by RNA polymerase®. Some certain
microRNAs have already been found to be in-
volved in the occurrence and progression of RA.
For example, Stanczyk et al’ have found that mi-
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croRNA-155 is highly expressed in synovial fluid
and tissue of RA patients when compared with
those of osteoarthritis patients. Alsaleh et al'
have pointed out that microRNA-346 expression
is significantly increased in FLS of RA, which
can indirectly mediate IL-18 release. However,
the potential effect of microRNA-421 on reg-
ulating FLS functions in RA has rarely been
reported.

SPRY is a regulatory feedback factor of re-
ceptor tyrosine kinases (RTKs), which inhibits
RTK-mediated ERK pathway''2. SPRY exerts an
essential role in cell proliferation, differentiation
and survival. SPRY family in mammals contains
four members (SPRY 1-4), which vary greatly
in distributions and activities’. Studies'*'® have
reported that SPRY expression is downregulated
in breast cancer, prostate cancer and liver tis-
sue, suggesting that SPRY may inhibit tumor
development. SPRY1 is considered to inhibit tu-
morigenesis of multiple malignancies, including
prostate cancer and hepatocellular carcinoma'.
Meanwhile, SPRY1 downregulation inhibits the
ERK activity'®. Furthermore, SPRY1 particularly
suppresses receptor tyrosine kinase (RTK)-medi-
ated Ras-ERK/MAPKS signaling'’. However, the
potential role of SPRY1 in RA has not been fully
elucidated.

The aim of this study was to investigate the
role of microRNA-421/SPRY1 in the pathogen-
esis of RA. Moreover, the regulatory effects of
microRNA-421 and SPRY1 on cell proliferation,
migration and inflammatory response of FLS
were explored. Our work might provide evidence
for the prediction and treatment of RA.

Patients and Methods

Sample Collection

This study was approved by the Ethics Com-
mittee of Beijing Luhe Hospital. Informed con-
tent was obtained from each subject before the
study. A total of 30 RA patients and 30 normal
subjects were enrolled for synovial histology ex-
amination. FLS were first isolated from synovial
tissues by fluorescence-activated cell sorting
(FACS). Subsequently, FLS were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM;
Gibco, Grand Island, NY, USA) in a 5% CO,,
37°C incubator. Cultured FLS were assigned
into 3 groups, including the control group, mi-
croRNA-421 mimics group and microRNA-421
inhibitor group.

Quantitative Real Time-Polymerase
Chain Reaction (QRT-PCR)

Total RNA in treated FLS was extracted using
the TRIzol method (Invitrogen, Carlsbad, CA,
USA). Reverse transcription was performed in
strict accordance with PrimeScript RT reagent
Kit (TaKaRa, Otsu, Shiga, Japan). The RNA
concentration was detected using a spectrome-
ter (Hitachi, Tokyo, Japan). QRT-PCR was per-
formed based on the instructions of SYBR Pre-
mix Ex Taqg TM (TaKaRa, Otsu, Shiga, Japan),
with 3 replicates in each group. The relative
expression of miRNAs was calculated using the
2-84C€T method. Primer sequences used in this
study were as follows: SPRY1, F: 5’-CCAG-
GAACCCCTCCTTACTC-3’, R: 5-GATGT-
GTCCGCTAGGAAGGA-3’; microRNA-421,
F: 5-CAAGTGTAAACATCCTCGACTG-3’,
R: 5-GCCTGCGTGTCGTGGAGTCG-3’; IL-
I: F: CGCCATAGCTGGAGAGTGTGG, R:
AGTGCTCTGCTTGAGAGGTGCT,; IL-6,
F: 5-GCGGCATTAGCATGGACAA-3,, R:
5’-CGAATAGCGACGTGCAGTTCT-3"; COX2:
F:CCTATCCTTGTAGAAGCACAAC,R: ACAG-
CGTCATTTCCCCTGTGA; Ué6: F: 5-GCTTC-
GGCAGCACATATACTAAAAT-3, R:
5’-CGCTTCAGAATTTGCGTGTCAT-3’; GAP-
DH: F: 5-CGCTCTCTGCTCCTCCTGTTC-3’,
R: 5>~ ATCCGTTGACTCCGACCTTCAC-3".

Western Blot

Total protein was extracted from cells by ra-
dio-immunoprecipitation assay (RIPA) solution
(Beyotime, Shanghai, China). After separation,
proteins were transferred onto polyvinylidene
difluoride (PVDF) membranes (Millipore, Bil-
lerica, MA, USA). Then, the membranes were
blocked with skimmed milk and incubated with
primary antibodies (Cell Signaling Technology,
Danvers, MA, USA) overnight at 4°C. On the
next day, the membranes were incubated with
secondary antibody at room temperature for 1 h.
The exposure of protein blots on the membrane
was obtained by enhanced chemiluminescence.

Dual-Luciferase Reporter Gene Assay

Wild-type (SPRY1 WT) and mutant-type
SPRY1 (SPRY1 MUT) were first constructed.
FLS were co-transfected with microRNA-421
mimics or microRNA-421 inhibitor and SPRY1
WT or SPRY1 MUT, respectively. The Luciferase
activity was detected according to the instruc-
tions of relative commercial kits (Promega, Mad-
ison, WI, USA).
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Cell Counting Kit-8 (CCK-8) Assay

FLS were seeded into 96-well plates at a densi-
ty of 2x10°/uL. Briefly, 10 pL of CCK-8 solution
(Dojindo, Kumamoto, Japan) was added to each
well at 6, 24, 48, 72 and 96 h, respectively. The
absorbance at 490 nm was measured by a micro-
plate reader (Bio-Rad, Hercules, CA, USA). 3
replicates were set in each group.

Transwell Assay

FLS were pretreated with 10 pg/mL Rhodamine
123 in a water bath at 37°C for 10 min. 100 puL of
pre-melt Matrigel was added in transwell cham-
ber on ice. Subsequently, 1 mL of cell suspension
(1x10%mL) and 400 puL of DMEM containing 10
ng/mL VEGF were added in the upper and lower
chamber, respectively. After culturing for 5.5 h,
the number of penetrating cells was calculated.

Enzyme-Linked Immunosorbent
Assay (ELISA)

Transfected cells were centrifuged at 6000
rpm/min for 10 min. The expression levels of
IL-1, IL-6, and COX2 in the culture medium
were detected using ELISA detection kit (Abcam,
Cambridge, MA, USA). Finally, the absorbance at
490 nm was recorded.

RA Mouse Model

Female DBA/1 mice with SPF level (13 to
15-week-old) were used for RA mouse model
construction. Briefly, 0. mL of collagen emul-
sion was intracutaneously injected into multiple
sites of mouse tail. After fundamental immuni-
zation for 21 days, 0.1 mL of collagen emulsion
was intraperitoneally injected to enhance immu-
nization. To accelerate RA development, 20 pg
LPS was intraperitoneally injected on the 28%
and 32" day, respectively. Mice in the adjuvant
group received an intracutaneous injection of
isodose CFA (complete Freund’s adjuvant diluted
in 0.1 mol/L glacial acetic acid solution) on the
I** and 21* day, respectively. Corticosterone (10
mg S.C., Sigma-Aldrich, St. Louis, MO, USA),
microRNA-421 inhibitor (2107 transduced units,
GenePharma, Shanghai, China) or normal sa-
line was injected into 3 mice, respectively. The
expression levels of microRNA-421 and SPRY1
were detected in synovial tissues of the above 9
experimental and 3 normal mice. This study was
approved by the Animal Ethics Committee of the
Capital Medical University Animal Center.
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Statistical Analysis

GraphPad Prism 6 (La Jolla, CA, USA) was
used for all statistical analyses. Measurement da-
ta were expressed as mean = standard deviation
(x=* 5). The t-test was used to compare the differ-
ence between the two groups. p<0.05 was consid-
ered statistically significant (*p<0.05, **p<0.01,
**%p<0.001).

Results

Expressions of MicroRNA-421 and
SPRYT1 in Synovial Tissues

QRT-PCR results showed that the expression
of microRNA-421 in synovial tissues of RA
patients was significantly higher than that of
normal subjects (p<0.001, Figure 1A). Western
blot results indicated that SPRY1 was markedly
downregulated in synovial tissues of RA patients
when compared with that of normal subjects
(p<0.001, Figure 1 B). Subsequently, the possible
interaction between microRNA-421 and SPRY1
in RA was detected. Transfection efficacies of
microRNA-421 mimics and inhibitor were first
verified by qRT-PCR and Western blot (p<0.01,
Figure 1C). Both protein and mRNA levels of
SPRY1 were significantly decreased after mi-
croRNA-421 overexpression in FLS (Figure 1D
and 1E), suggesting the regulatory effect of mi-
croRNA-421 on SPRY1.

SPRY1 Was the Target Gene of
MicroRNA-421

TargetScan predicted that SPRY1 might be
the target gene of microRNA-421 (Figure 2A).
Subsequently, the target condition was further
verified by Dual-Luciferase reporter gene assay.
The results demonstrated that FLS co-transfect-
ed with SPRY1 WT and microRNA-421 mim-
ics showed remarkably lower Luciferase activity
than those co-transfected with SPRY1 MUT and
microRNA-421 mimics (p<0.001, Figure 2B).
This indicated that SPRY1 was the target gene of
microRNA-421.

MicroRNA-421 Promoted Proliferation,
Migration and Inflammation of SFs
CCK-8 results showed that microRNA-421
overexpression significantly promoted FLS via-
bility (Figure 3A). The transwell assay demon-
strated that migratory ability of FLS was remark-
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Figure 1. Expressions of microRNA-421 and SPRY1 in synovial tissues. A, QRT-PCR indicated that microRNA-421 was
overexpressed in synovial tissues of RA patients than that of the normal group. B, Western blot results indicated that SPRY1
was downregulated in synovial tissues of RA patients compared with that of the normal group. C, Transfection efficacies of
microRNA-421 mimics and inhibitor were verified. D, E, Both protein D, and mRNA E, levels of SPRY1 were significantly
decreased after microRNA-421 overexpression in FLS.

A miR-421 3’cgcggguuaaUUACA(|5l|\(|:l|\l|\(|:l|.la 5
SPRY1 5’auuuauugcaAAAGACUGUUGAa 3
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- Figure 2. SPRY1 was the target gene of microRNA-421.
A, TargetScan predicted that SPRY1 might be the target
gene of microRNA-421. B, Luciferase activity of FLS co-
0.0 - transfected with SPRY1 WT and microRNA-421 mimics
WT Mut was markedly lower than those co-transfected with SPRY1
MUT and microRNA-421 mimics.
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Figure 3. MicroRNA-421 promoted proliferation, migration and inflammation of FLS. A, CCK-8 results showed that
microRNA-421 overexpression promoted FLS viability. B, The transwell assay demonstrated that migratory ability of FLS
was remarkably elevated after transfection of microRNA-421 mimics. C, The mRNA levels of IL-1, IL-6, and COX2 were
significantly increased in FLS transfected with microRNA-421 mimics. D, The levels of IL-1, IL-6, and COX2 were remarkably
increased in culture medium of FLS transfected with microRNA-421 mimics.

ably elevated after transfection of microRNA-421
mimics (Figure 3B). The expressions of inflam-
matory factors in FLS were detected by qRT-PCR
and ELISA, respectively. We found that mRNA
levels of IL-1, IL-6 and COX2 were markedly in-
creased in FLS transfected with microRNA-421
mimics when compared with those of controls
(Figure 3C). Similar results were obtained in
ELISA detection (Figure 3D).

MicroRNA-421 Inhibitor and
Corticosterone Regulated Expressions
of MicroRNA-421 and SPRYT1 in
RA Mouse Model

In vivo, RA mouse model was construct-
ed to explore whether microRNA-421 inhib-
itor could regulate RA development. No sig-
nificant differences in the expression levels
of microRNA-421 and SPRY1 were observed
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Figure 4. MicroRNA-421 inhibitor and corticosterone affected expressions of microRNA-421 and SPRY1 in RA mouse
model. A, B, Compared with mice injected with saline, downregulated microRNA-421 A, and upregulated SPRY1 B, were
observed in mice injected with cortisone and microRNA-421 inhibitor. C, Higher protein expression of SPRY1 was observed
in mice injected with cortisone and microRNA-421 inhibitor than those injected with saline.

in mice injected with cortisone and microR-
NA-421 inhibitor. Compared with mice in-
jected with saline, significantly downregulated
microRNA-421 and upregulated SPRY1 were
observed in mice injected with corticosterone
and microRNA-421 inhibitor (Figure 4A and
4B). However, both corticosterone and microR-
NA-421 inhibitor administration could only
partially reverse the original expressions of
microRNA-421 and SPRY1. The protein ex-
pression of SPRY1 in synovial tissues was also
detected by Western blot. The results showed
that higher protein expression of SPRY1 was
observed in mice injected with corticosterone
and microRNA-421 inhibitor than those inject-
ed with saline (Figure 4C). The above data sug-
gested that microRNA-421 inhibition exerted
similar therapeutic effects of the anti-inflam-
matory drug as corticosterone.

Discussion

MicroRNA-421 significantly promoted prolif-
erative and migratory potentials of FLS in RA via
downregulating SPRY1. Our study revealed that
microRNA-421 exerted its biological function by
directly binding to SPRY1, which might provide
new references for RA treatment. The patho-
genesis of RA has not been thoroughly studied.
However, evidence has shown that some certain
microRNAs are closely related to the pathogene-
sis of RA. Li et al?® have found that the levels of
microRNA-155, microRNA-146a, microRNA-132
and microRNA-16 are higher in peripheral blood
of RA patients compared with those of osteoar-
thritis patients. Besides, the expression levels of
microRNA-146a and microRNA-16 are correlated
with the severity of RA. Dong et al*' have found
that microRNA-21 concentration in peripheral
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blood of RA patients is significantly downregu-
lated. Meanwhile, microRNA-21 concentration is
negatively correlated with the ratio of Th17/Treg
cells in peripheral blood. /n vitro studies have
also demonstrated that lipopolysaccharide treat-
ment downregulates microRNA-21 concentration
in peripheral blood of RA patients.

Currently, microRNA-421 has been well
studied in gastric cancer. Meanwhile, relative
studies?*?* have also confirmed its role in neu-
roblastoma, pancreatic and prostate cancers
and other malignant tumors. Jiang et al*® have
analyzed the relationship between microR-
NA-421 expression and clinical data in gastric
cancer. Moreover, Zhou et al?® have found that
microRNA-421 knockdown remarkably inhib-
its the development of gastric cancer. However,
the specific effect of microRNA-421 on RA is
rarely reported. Our work demonstrated that
microRNA-421 was overexpressed in synovial
tissues of RA patients. MicroRNA-421 up-reg-
ulation could significantly accelerate prolifer-
ative, migratory potentials and inflammatory
response of FLS. Hence, we speculated that
microRNA-421 might be involved in RA de-
velopment.

Recent studies have shown that SPRY]1, as
a direct target of microRNA-21, can regulate
various diseases, including cancer?, atrial fibril-
lation?®, vascular and metabolic diseases?. Fur-
thermore, SPRY is also capable of inducing cell
senescence®. In this work, microRNA-421 was
confirmed to regulate cellular behaviors of FLS
via directly binding to SPRY1. Similar results
were obtained in vivo. Therefore, we considered
that microRNA-421 could serve as an anti-in-
flammatory drug for the treatment of RA.

Conclusions
Our results showed that microRNA-421 pro-

motes the inflammatory response of FLS by
downregulating SPRY1 expression in RA.
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