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Objectives: Mounting evidence has demonstrated that microRNAs (miRNAs) participate
in rheumatoid arthritis (RA). The role of highly conserved miR-15/107 family in RA has not
been clarified yet, and hence investigated in this study.

Methods: Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was
used to evaluate the expression of miRNAs and genes. Cell counting kit 8 (CCK-8) and
FACS were used to detect proliferation and apoptosis. Protein expression was detected
by using Western blotting. mRNA deep sequencing and cytokine antibody array were
used to analyze differentially expressed genes, signaling pathways and cytokines.

Results: The expression of miR-15a, miR-103, miR-497, and miR-646 was found
decreased, while miR-424 increased in RA patients. MiR-424 and miR-497 were
further investigated and the results showed that they could regulate the expression of
multiple genes in rheumatoid arthritis synovial fibroblast (RASF) and affect signaling
pathways. At the protein level, miR-497 mimic altered all the selected inflammation-
related genes while miR-424 inhibitor only affected part of genes. MiR-497 mimic, rather
than miR-424 inhibitor, had significant effects on proliferation and apoptosis of RASF.
DICER1 was found to positively regulate the expression of miR-424 and miR-497, while
DICER1 was also negatively regulated by miR-424. The increase of miR-424 could reduce
org March 2021 | Volume 12 | Article 6193921
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miR-497 expression, thus forming a loop, which facilitated explaining the dysregulated
miR-424 and miR-497 in RA.

Conclusion: The miR-424 and miR-497 of miR-15/107 family affect cell proliferation and
apoptosis in RA, and the proposed miR-424-DICER1-miR-497 feedback loop provides a
novel insight into regulating miRNA expression and a candidate target for controlling RA.
Keywords: DICER1 gene, apoptosis, proliferation, inflammation, miRNA family, miRNA – microRNA,
rheumatoid arthritis
INTRODUCTION

Rheumatoid arthritis (RA) is a systemic disease characterized by
synovial inflammation with unclear etiology. The incidence of
RA accounts for about 1% of the world’s total population (1).
The onset age of RA is generally between 35-50 years old (2, 3).
The inflammation mostly starts from small joints, which are
symmetrical and invasive arthritis, often accompanied by extra-
articular organs and systems. As the disease progresses, it can
lead to joint deformities and malfunction (4).

MicroRNAs (miRNAs) are non-coding small RNAs of
approximately 22 nucleotides in length and are highly
evolutionarily conserved (5). Existing studies have shown that
miRNAs participate in cell proliferation, apoptosis, differentiation,
and a series of cell biological behaviors related to the cell cycle
(6). In RA, miRNAs are also involved in the pathogenesis of the
disease. For instance, miR-155 and miR-146 are up-regulated in
RA synovial tissue and participate in the destructive regulation of
RASF (7). MiR-34a is down-regulated in RASF and plays a
pro-apoptotic role through the apoptotic protein X-linked
inhibitor of apoptosis (XIAP) (8). MiR-140 is down-regulated
in synovial tissue and can inhibit cell proliferation (9). Although
miRNAs research in RA is continuously expanding, some
key miRNAs and miRNA families in RA are worth
further investigation.

MiR-15/107 gene family contains miR-15a-5p, miR-15b-5p,
miR-16-5p, miR-103a-3p, miR-107, miR-195-5p, miR-424-5p,
miR-497-5p, miR-503-5p, miR-646 and miR-6838-5p. Members
of this family are defined based on the highly conserved seed
sequence “AGCAGC” near the 5’ end of the mature miRNA
(Supplementary Table 1). The regulation of miRNAs in this
family affects various cell behaviors such as cell division and
metabolism and is also involved in the pathogenesis of various
human diseases (10). MiRNAs in this family have been rarely
reported in RA, but some of these reports are worthy of
reference. For example, some studies suggested that the
expression change of miR-16 in serum from RA patients can
be used as biomarkers for disease detection (11), while miR-15a
can promote apoptosis in the synovium of mice (12), inhibit
proliferation of MH7A cell and has a regulatory effect on NF-kB
(13). Our previous study analyzed the characteristics of the miR-
15/107 family from the perspective of sequence and target genes
(14), so this work will explore the role of the miR-15/107 family
and the impact of its family members on the expression of
inflammation-related genes in RA.
org 2
MATERIALS AND METHODS

Patients and Tissue Collection
Human synovial tissue samples were collected from 8
Osteoarthritis (OA) patients and 8 RA patients during knee
arthroplasty surgery (Department of Joint Surgery, Xi’an Hong
Hui Hospital, Xi’an, China). RASF cells were isolated from
synovial tissues of 4 RA patients as previously described (15).
This study conformed to the Declaration of Helsinki and was
performed with the approval of the human research ethics
committee of Xi’an Jiaotong University. All patients fulfilled
the American College of Rheumatology criteria for RA
classification and written informed consent was obtained from
all patients. Information on all patients is summarized in
Supplementary Table 2.

Cell Culture
Human synovial sarcoma cell line SW982 and RASF cells were
cultured in DMEM (GIBCO life technologies, U.S.A.) medium
supplemented with 10 % fetal bovine serum (GIBCO life
technologies, U.S.A.), 100 U/ml penicillin and 100 mg/ml
streptomycin and incubated at 37°C in humid conditions
provided with 5 % CO2. RASF cells at the 3rd to 6th
generation were used for research.

Transfection of miRNA Mimic or Inhibitor
Gain or loss of miRNA function was achieved by transfection of
10 nM miRNA mimics or 100 nM inhibitors with Lipofectamine
3000 (Invitrogen, U.S.A.). The sequence information of mimics
and inhibitors is shown in Supplementary Table 3. SW982 and
RASF cells (1.5×105 cells/ml) were seeded in 6-well plates
overnight before transfection. After transfection for 48h, RNA
and protein were harvested in the same batch during each
individual cell experiment.

SiRNA and Plasmid Vectors
The human DICER1 siRNA product was designed and
synthesized by GenePharma Company (China). The sequence
information is shown in Supplementary Table 4. 10nM siRNA
was used for cell transfection in 6-well plates. RNA and protein
samples were harvested after 48 h of transfection. 5 mg of the
plasmid carrying the full-length CDS of human DICER1
(pCAGGS-hs-Dicer1 from Phil Shap’s Lab, Addgene plasmid
#41584 (16)) was transfected into a 6-well plate for DICER1 gene
overexpression, plasmid pCAGGS-MCS empty vector was used
March 2021 | Volume 12 | Article 619392
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in control group. Lipofectamine 3000 (Invitrogen, USA) was
used for the transfection of siRNA or plasmid vectors. EZNA™

Endo-Free Plasmid Kit (Omega, USA) was introduced to prepare
plasmids for cell transfection.

RNA Extraction and RT-qPCR
Total RNA was isolated by TRIZOL reagent (Invitrogen, U.S.A.)
and quantified by NanoDrop 2000 (Thermo Fisher Scientific,
U.S.A.). Total RNA for universal cDNA RT reaction was
reversely transcribed by oligo d (T) primer from the
Transcriptor First Strand cDNA Synthesis Kit (Roche,
Mannheim, Germany). MiRNA cDNA from total RNA was
synthesized by Mir-x miRNA First-Strand Synthesis Kit
(Takara, Japan). Real-time PCR quantification was performed
using Mx3000P (Agilent, U.S.A.) and Fast Start Universal SYBR
Green Master (Roche, Mannheim, Germany). The expression of
genes and miRNAs was normalized by GAPDH and U6. All data
were analyzed by the 2-DDCt (semi-quantitative) method. The
detailed information of primers was listed in Supplementary
Table 5. All primers were synthesized by GENEWIZ Company
(Suzhou, China).

Western Blotting
Total protein was collected and isolated with RIPA lysis buffer
(Roche, Mannheim, Germany) and then quantified by using
BCA kit (Thermo Fisher Scientific, U.S.A.). Twenty mg of each
protein sample was loaded and separated by the 8-10 % SDS-
PAGE gels, and then transferred to PVDF membranes
(Millipore, Billerica, MA, U.S.A.). After blocking with 10 %
skim milk for 2 h, the membrane was incubated with
antibodies against PDCD4 (CST, 9535T, U.S.A.), BCL2
(Abclonal, A2212, China), MMP3 (Abclonal, A2426, China),
MMP13 (Proteintech, 18165-I-AP, U.S.A.), CCND1 (CST,
2922S, U.S.A.), CCND3 (CST, 2936T, U.S.A.), CCNE1
(Proteintech, 11554-I-AP, U.S.A.), CCNE2 (Proteintech,
11935-I-AP, U.S.A.) and GAPDH (Proteintech, U.S.A.). ECL
kit (Mil l ipore , WBKLS0050 , U.S .A.) was used for
chemiluminescence. The bands were captured and scanned
using Syngene Image system and Genesys software.

Cell Apoptosis Assay
Apoptotic cells were determined by Annexin V FITC Apoptosis
Detection Kit I (BD Pharmingen, U.S.A.). After transfection with
100 nM miR-424 inhibitor and 10 nM miR-497 mimic for 24h,
RASF cells were collected in 1.5 ml tubes. After washing the cells
with 1 ml PBS, 1×binding buffer was added into each tube, then a
mixture of Annexin V-FITC and PI was added, and the tubes
were kept at room temperature in a dark place for 15 min. Next,
1×binding buffer was added into tubes and mixed thoroughly.
The cell suspension was loaded for apoptosis detection, which
was conducted via the Guava FACS machine (Millipore, U.S.A.)
and the software Guava2.2.2.

Cell Counting Kit-8 Assay
RASF was transfected with 100 nM miR-424 inhibitor, 10 nM
miR-497 mimic, or 10 nM negative control (NC). Every well in a
96-well plate was inoculated with approximately 2000 cells. After
Frontiers in Immunology | www.frontiersin.org 3
3 days of incubation, 10 ml of CCK-8 (Beyotime Biotechnology,
China) was added to each well for 1h incubation. The optical
density (OD) value was obtained by the multiskan spectrum
(Thermo, U.S.A.) at a wavelength of 450 nm. The fold change of
optical density (OD) value from three independent cell
experiments was used for data analysis.

Cytokine Expression Profiling Assay
MiRNA mimics were transfected in RASF, and the medium was
changed to DMEM with 0.2 % FBS after 4 h transfection. After
48 h transfection, the medium was collected and centrifuged at
2000 rpm for 10 min at 4°C, and the supernatant was transferred
to a new tube and stored in aliquots at -80°C before assay. The
RASF cells used for the cytokine array were isolated from the
synovial tissues of 4 RA patients. After transfection with
corresponding miRNA mimics and controls, the cell supernatant
was collected and analyzed using RayBio® Human Cytokine
Antibody Array C5.The array detects 80 human cytokines in
conditioned cell culture media. The arrangement of cytokines
was shown in Supplementary Table 6. Both the array detection
and analysis were performed by RayBiotech Company.

MRNA Deep Sequencing by Illumina HiSeq
After transfected with miR-424 or miR-497 mimics, the total
RNA of each sample from RASF was extracted by TRIzol
Reagent (Invitrogen, U.S.A.) and qualified by NanoDrop
(Thermo Fisher Scientific, U.S.A.). Total RNA of 1.5 mg with
RIN value above 7 was used for the following library preparation.
NC-1 corresponds to 424-1 and 497-1 as one patient sample in
total 4 patients. Next-generation sequencing library was
constructed according to the manufacturer’s protocol
(NEBNext® Ultra™ RNA Library Prep Kit for Illumina®). The
detection and analysis of mRNA sequencing were performed by
Genewiz Company. The entire dataset was deposited in the GEO
database (GSE159618).

Statistical Analysis
Experimental data were expressed as mean ± standard error of
the mean (SEM). Differences between the groups were analyzed
using the Mann-Whitney test. p < 0.05 was considered
statistically significant (***p < 0.001, ** p < 0.01, * p < 0.05).
RESULTS

Expression of miR-15/107 Family Members
in Patient Tissues and Expression of
Inflammation-Related Genes After Up-
Regulation of miR-15a, miR-103, miR-424,
miR-497, and miR-646
The expression of 10 miRNAs in the miR-15/107 family was
detected in synovial tissues from OA and RA patients (Figure
1A). The results showed that miR-15a, miR-103, miR-497, and
miR-646 were significantly down-regulated in RA patients than
in the OA patients, while the miR-424 expression was up-
regulated. Therefore, in the following experiments, we focused
March 2021 | Volume 12 | Article 619392

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Wang et al. miR-497/miR-424 Regulate RASF Gene Expression
A

B

C

FIGURE 1 | The expression of miR-15/107 family in RA and OA synovial tissues and pro-inflammatory cytokines, MMPs, Toll-like receptors in SW982 cells. (A) The
expression of 10 mature miR-15/107 family members in human synovial tissue form RA or OA patients determined by using RT-qPCR. (B) The expression of 5
miRNAs after transfected with 10 nM mimics determined by using RT-qPCR. (C) The expression of pro-inflammatory cytokines (IL1B, IL6, IL8, TNFA, TGFB1),
MMPs (MMP3, MMP13) and Toll-like receptors (TLR3, TLR4) determined by RT-qPCR and the results were shown through heatmap, each color block in the
heatmap represents an independent cell experiment. Red, green, and white signals indicate relatively high, low, and baseline (mock group) expression levels. (A) Bar
represents mean ± SEM of samples from OA and RA patients (both n = 8). (B, C): Bar represents mean ± SEM from three independent cell experiments in SW982
cell. Triplicates were used for each transfection and RT-qPCR experiment. Mann-Whitney U test (***P< 0.001, **P< 0.01, *P< 0.05), *: vs. NC mimic, #: vs. mock.
Frontiers in Immunology | www.frontiersin.org March 2021 | Volume 12 | Article 6193924
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on these five miRNAs with altered expression and explored their
roles in RA.

In SW982 cell line, we transfected the 10 nM mimic of miR-
15a, miR-103, miR-497, miR-646, and miR-424. As shown in
Figure 1B, the expression of these miRNAs increased after
transfected with miRNA mimics. Based on these results, we
further tested the expression of several inflammation-related
genes (IL1B, IL6, IL8, MMP3, MMP13, TGFB1, TNFA, TLR3,
TLR4). In miR-15a mimic-treated cells, the expression ofMMP3,
TGFB1 and IL1B significantly decreased, other genes, such as
IL6, TLR3 and TLR4 increased. The expression of most genes
(IL1B, IL6, IL8, MMP3, and TLR4) in miR-103 mimic-treated
cell displayed down-regulation, but only TNFA was up-
regulated. The expression of inflammation-related genes in
miR-424 mimic-treated cells all increased except TLR3 and
TNFA, while in miR-646 mimic-treated cells, the expression of
MMP3, MMP13, TNFA and TGFB1 was down-regulated, and
other inflammation-related genes, like IL6, IL8, IL1B and TLR4
were up-regulated. In miR-497 mimic-treated cells, the
expression of other inflammation-related genes was not
significantly different except that the expression of IL1B was
down-regulated. Summarizing these results as a heatmap (Figure
1C), it was shown that after transfected with miR-424 mimic, the
expression of inflammation-related genes in cells exhibited
opposite states compared with miR-103 and miR-497 mimic-
treated cells. The results further demonstrated that the
expression of miR-424 and miR-497 in RA has the opposite
effect on the regulation of inflammation-related genes, so it will
be more representative to explore their roles.

mRNA Deep Sequencing Analysis of
Differentially Expressed Genes and
Signaling Pathways in miR-424 and miR-
497 Mimic-Treated RASF
We used mRNA deep sequencing to explore the role of miR-424
and miR-497 further. RASF was isolated from the synovial samples
of 4 RA patients, and we established the cell with up-regulated
miRNA expression for sequencing detection by using miR-424 and
miR-497 mimics (Figure 2A). The heatmaps were performed to
show the expression changes of 525 genes in miR-424 and miR-497
mimic-treated cells (Figure 2B). We screened genes with differential
expression fold change ≥ 1.5 and FDR ≤ 0.05. 108 genes were
dysregulated in the miR-424 mimic-treated group, of which 16
genes were up-regulated, and the rest were down-regulated. 31
genes were dysregulated in the miR-497 mimic treatment group,
and 12 genes were up-regulated. They shared 13 genes in common,
9 of which were up-regulated (Figure 2C). Combined with
literature reports (Supplementary Tables 7, 8), we selected some
genes related to RASF for verification. In miR-424 mimic-treated
RASF, we chose three genes to detect and found that the mRNA
expression of CEP55, E2F1 and CCNA2 decreased (Figure 2D)
while in miR-497 mimic-treated RASF, the mRNA expression of
BCL2, TRIM23, and SUMO3 also reduced (Figure 2E). Among the
up-regulated genes, we selected PCNXL3, TPM4, and ZNF616 in
miR-424 mimic-treated group for verification, and ATF1, HABP4,
PODXL in the miR-497 mimic-treated group. The results showed
Frontiers in Immunology | www.frontiersin.org 5
that the expression of these genes was both up-regulated (Figure
2E). The validation results (Figure 2E) of these representative genes
were all consistent with mRNA deep sequencing results.

In KEGG pathway analysis, we found that autophagy, cell
cycle, and glycosaminoglycan biosynthesis signal pathways
changed after miR-424 mimic transfection. The NF-kB and
glycosaminoglycan biosynthesis pathway changes after miR-
497 mimic transfection suggest that inflammatory and joint
synovium destruction were regulated (Figure 2F). Taken
together, these results indicate that miR-424 and miR-497 may
play a role in cell proliferation and apoptosis, and were closely
related to the degradation of extracellular matrix.

Effects of miR-424 and miR-497 on the
Genes Involved in Cell Survival and Matrix
Degradation
Since the expression of miR-424 was elevated, and the expression
of miR-497 decreased in RA patients’ synovium, from the
perspective of potential disease treatment, we performed
several experiments in miR-424 inhibitor and miR-497 mimic-
treated cells. RT-qPCR results confirmed the successful
reduction of miR-424 and increase of miR-497 in SW982 cells
transfected with miR-424 inhibitor and miR-497 mimic,
respectively (Figure 3A). Combining the results in the
TARBASE database (Supplementary Tables 9, 10), the target
genes, including CCND1, CCND3, CCNE1, and CCNE2, were
further selected as the cell proliferation-related genes, PDCD4
and BCL2 were selected as the apoptosis-related genes. Besides,
MMP3 and MMP13 were chosen as the extracellular matrix
degradation-related genes. We tested the expression of these
genes at the protein level. In cells treated with miR-424 inhibitor,
the expression of most genes was unchanged, except for the
down-regulation of MMP3 and MMP13, and the up-regulation
of PDCD4 (Figures 3B–D). After transfected with miR-497
mimic, the expression of CCND1, CCND3, CCNE1, CCNE2,
PDCD4 and BCL2 significantly decreased (Figures 3E, F).
Meanwhile, the expression of MMP3 and MMP13 also
decreased (Figure 3G). These results demonstrated that miR-
497 mimic has significant effects on genes related to cell
proliferation, apoptosis, and extracellular matrix degradation,
while miR-424 inhibitor also has effects on genes related to
apoptosis and extracellular matrix degradation. Compared with
miR-424, the effect of miR-497 seemed more promising.

Effects of miR-424 and miR-497 on the
Proliferation and Apoptosis of RASF
We further investigated the effects of miR-424 inhibitor and
miR-497 mimic on cell proliferation and apoptosis in RASF. The
Annexin V-FITC and PI double staining was carried out to
determine the effects on apoptosis. CCK8 was performed to
detect RASF proliferation. According to the scatter plot (Figure
4A), after transfected with miR-497 mimic, the apoptotic ratio
significantly increased compared with the NC group. However,
there was no change of apoptotic ratio after RASF was
transfected with miR-424 inhibitor (Figure 4B). In miR-497
mimic-treated RASF, the cell proliferation decreased, while in
March 2021 | Volume 12 | Article 619392
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FIGURE 2 | MRNA deep sequencing results and validation after gain of miR-424 and miR-497 function for 48 h in RASF. (A) The expression of miR-424 and miR-
497 in RASF transfected with 10 nM mimic 48h detected by using RT-qPCR. (B) Heat map of all dysregulated genes from mRNA deep sequencing from 10nM miR-
424 or miR-497 mimic-treated RASF cells. (C) Venn diagram of dysregulated genes in miR-424 and miR-497 mimic-treated cell from miRNA deep sequencing
results. (D, E) RT-qPCR results of dysregulated genes in miR-424 mimic-treated cells (D) and miR-497 mimic-treated cells (E). (F) KEGG signal pathway analysis
diagram. RASF cells isolated from synovial tissue of 4 RA patients were transfected with miR-424 or miR-497 mimics and inhibitors, respectively. Triplicates were
used for each transfection experiment. Bar: mean ± SEM of samples from 4 patients. P<0.05, *: vs. NC mimic, using Mann-Whitney U test.
Frontiers in Immunology | www.frontiersin.org March 2021 | Volume 12 | Article 6193926
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FIGURE 3 | Expression of proliferation, apoptosis, and extracellular matrix degradation related genes at protein level in SW982 cells. (A) The expression of miR-424
and miR-497 determined by using RT-qPCR from SW982 cell transfected with 100 nM miR-424 inhibitor or 10 nM miR-497 mimic for 48h. (B–D) Western blotting
results of CCND1, CCND3, CCNE1, CCNE2 (B), BCL2 and PDCD4 (C), MMP3, and MMP13 (D) in 100 nM miR-424 inhibitor-treated cells. (E–G) Western blotting
result of CCND1, CCND3, CCNE1, CCNE3 (E), BCL2 and PDCD4 (F), MMP3 and MMP13 (G) in 10 nM miR-497 mimic-treated cells. Bar: mean ± SEM from three
independent cell experiments in SW982 cell. Triplicates were used for each transfection and RT-qPCR experiment. P<0.05, *: vs. NC, #: vs. mock using Mann-
Whitney test.
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miR-424 inhibitor-treated RASF, proliferation was not
significantly changed compared with NC group (Figure 4C).

Analysis of Differentially Expressed
Cytokines in Cell Supernatant
We performed a cytokines array assay to detect the cytokines
secreted in RASF supernatants. Comparing with the NC group,
10 out of 80 detected cytokines showed significant differences
after miR-424 or miR-497 mimic treatment (Figure 5A). The
cytokines in Figure 5B were quantitative data of miR-424 and
miR-497 with fold change≥1.5 and≤0.67. Comparing the
expression of these cytokines, the protein secreted by RASF
showed opposite regulation. In miR-424 mimic-treated cell, the
cytokines changed significantly were IL-10, RANTES, Eotaxin,
Eotaxin-2, IGFBP-1 and IGFBP-2, among which RANTES
(CCL5) increased most obviously. In miR-497 mimic-treated
cells, ENA-78, IL-10, RANTES, IGF-1, eotaxin-3 and IGFBP-4
Frontiers in Immunology | www.frontiersin.org 8
have apparent changes. It is worth noting that the expression of
RANTES was quite different in the supernatant of two miRNA-
treated cells. The secretion of RANTES increased in miR-424
mimic-treated cell, while in miR-497 mimic-treated cell, the
secretion of RANTES decreased. The expression of IGPBP4
and ENA78 also showed the opposite state. These results
indicated that miR-424 and miR-497 have opposite effects on
the secretion of certain inflammation-related cytokines.

Interaction of miR-424 and miR-497
Through DICER1
The opposite expression of miR-424 and miR-497 in RA synovium
brought out the question that other genes may be involved in
regulation between them. As an essential gene for miRNA
maturation and a target gene for miRNA, we focus on DICER1.
The targeting relationship among DICER1 and miR-424 and miR-
497 has been verified (Supplementary Table 11). The effect of
A

B C

FIGURE 4 | Apoptosis and proliferation result caused by gain or loss of miR-424 and miR-497 function in RASF. (A) Flow cytometry representative images of
Annexin V-FITC and PI double staining after transfected with 100 nM miR-424 inhibitor and 10 nM miR-497 mimic for 24 h. Four quadrants represent viable cells;
early apoptotic cells, late apoptotic cells and dead cells. (B) Percentage of apoptotic cells in transfected cells. (C) Proliferation result detected by cell counting kit-8
assay (CCK8) after transfected with 100 nM miR-424 inhibitor and 10 nM miR-497 mimic for 72h. RASF cells isolated from synovial tissue of 4 RA patients were
transfected with miR-424 inhibitor or miR-497 mimic, respectively. Bar: mean ± SEM of samples from 4 patients. *: P < 0.05 using the Mann-Whitney U test.
March 2021 | Volume 12 | Article 619392
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DICER1 on miRNAs was determined, and the results showed that
when DICER1 was knocked down in SW982 cell line, the
expression of miR-15a, miR-103, miR-424, miR-497 and miR-646
was reduced, while DICER1 overexpression could increase the
expression of these miRNAs (Figure 6A). Because miR-424 is the
unique miRNA with increased expression in RA synovium, we
detected the expression of miR-15a, miR-103, miR-497 and miR-
646 in RASF transfected with miR-424 mimic. The results showed
that only miR-497 was down-regulated, while the other 4 miRNAs
Frontiers in Immunology | www.frontiersin.org 9
were not significantly changed (Figure 6B). This result indicated
that there might be a regulatory relationship between miR-424 and
miR-497. In addition, the protein expression of DICER1 could be
down-regulated by miR-424 mimic (Figure 6C) in both RASF and
SW982 cell lines. Combining these results, we propose amechanism
that the increase of miR-424 reduces the expression of miR-497
through a miR-424-DICER1-miR-497 feedback loop, resulting in
the opposite miR-424 and miR-497 expression in RA synovium
(Figure 6D).
A

B

FIGURE 5 | Cytokine expression alteration caused by gain of miR-424 and miR-497 function for 48 h in RASF. (A) Image result of cytokine array from the
supernatant of RASF transfected with 10 nM miR-424 or miR-497 mimic for 48 h. Red circle: Elevated expression. Green circle: Reduced expression. (B) All
differentially expressed cytokines in miR-424 and miR-497 with fold change ≤0.67 or fold change≥1.5. RASF cells isolated from synovial tissue of 4 RA patients were
transfected with miR-424 and miR-497 mimics. Triplicates were used for each transfection experiment.
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DISCUSSION

In the present study, we have mainly focused on the role of the miR-
15/107 family in RA and found that miR-424 and miR-497 are
reversely expressed in RA. At the same time, miR-424 and miR-497
had the opposite capacity to regulate some inflammation-related
genes and inflammatory cytokines. Besides, miR-497 inhibited
Frontiers in Immunology | www.frontiersin.org 10
proliferation and promoted apoptosis in RASF cells. A miR-424-
DICER1-miR-497 feedback loop has been further considered as a
possible underlying mechanism of increased miR-424 and reduced
miR-497 expression from the same miRNA family in RA
synovial tissues.

The expression of inflammation-related genes and cytokines is
closely related to the occurrence and development of RA. The
A

B

C

D

FIGURE 6 | Interaction of miR-424 and miR-497 with DICER1. (A) The expression of miR-15a, miR-103a, miR-424, miR-497 and miR-646 during loss and gain of
DICER1 function in SW982 cells detected by RT-qPCR. Loss and gain of DICER1 function were validated by western blotting, representative image shown. (B) The
expression of miR-15a, miR-103, miR-497 and miR-646 after transfected with 10 nM miR-424 mimic for 48 h by RT-qPCR in RASF. (C) Western blotting results of
DICER1 after transfected with 10 nM miR-424 mimic for 48 h in RASF and SW982 cells. (D) Brief mechanism diagram of negative feedback loop. RASF cells were
isolated from synovial tissue of 4 RA patients. Bar: mean ±SEM from 4 patients in RASF and mean ± SEM from 3 independent cell experiments in SW982 cell.
Triplicates were used for each transfection and RT-qPCR experiment. *: P<0.05 compared with NC.
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release of IL-6 and IL-1 can cause inflammation of the synovium
(17). The toll-like receptors such as TLR2, TLR3, TLR4, TLR5,
TLR6, TLR-7, and TLR9 are overexpressed in RASF and participate
in RA (18, 19). The expression of MMP3 andMMP13 is considered
as a crucial marker of RA disease activity (20–22). In our results,
miR-424 and miR-497 had opposite expression levels in RA patient
samples, and the increased expression of miR-424 and miR-497
caused inflammation-related genes to show an opposite expression
trends in SW982 cells. The cytokine array results also reflect the
same regulatory effect. RANTES mediates T cells in RA and other
cells involved in inflammation (23), while RANTES can also induce
MMP1 and MMP13 expression in human RASF (24). The
overexpression of RANTES in RASF is a potential mediator that
affects the intensity and composition of cell infiltration in the joints
of inflammatory arthritis (25). Therefore, the different expression
levels of RANTES and other cytokines further confirmed that
miR-424 and miR-497 have different roles in regulating
cytokines secretion.

We screened three genes related to miR-497 mimic (BCL2,
TRIM23, SUMO3) based on the mRNA deep sequencing results.
Previous research showed that the high transcription level of BCL2
in SF Terg cells could suppress cell apoptosis (26). In the deep
sequencing results, up-regulating miR-497 reduced the expression
of BCL2 at mRNA levels. Western blotting data also demonstrated
that miR-497 mimic could significantly reduce the expression of
BCL2 at the protein level. These results suggest that miR-497 mimic
may play a role in promoting apoptosis. This speculation is
consistent with the results of the cell proliferation and apoptosis
detection, so we assume that miR-497 mimic can promote the
apoptosis of RASF cells. The expression of SUMO3 and TRIM23 in
the sequencing results is also reduced, but in a report, the high
expression of TRIM23 and the knockdown of SUMO3 could
promote the activation of NF-kB pathway (27, 28), which means
that the effect of miR-497 is not unidirectional, but it does effect the
inflammatory signaling pathways and cell apoptosis.

Besides RA, miR-424 and miR-497 also show opposite
expression trends in other disease. In middle cerebral
artery occlusion (MCAO) mouse models, the expression of miR-
424 significantly reduced (29), while the expression of miR-497
increased (30). In squamous cell carcinoma of skin, miR-424
expression increased, and miR-497 expression decreased (31). In
colorectal cancer, the expression of miR-424 and miR-497 co-target
IGF1-R and are both down-regulated, but only the up-regulated
expression of miR-497 will result in the inhibition of IGF1-R 3’UTR
activity (32). To further explain why they have the opposite
expression tendency in RA patient samples, we focus on DICER1.
In RA, the decrease of DICER1 expression aggravates the symptoms
in the mouse model of joint inflammation (33), and the lack of
DICER1 causes the decrease of RA-related miRNA expression (34).
In experimental serum metastatic arthritis established with
DICER1-deficient mice, the imbalance of miRNA biosynthesis
associated with enhanced inflammatory response (35), which
confirms the vital role of DICER1 in RA. As a target gene, it has
been shown that exosomes secreting gastric cancer can transfer
miR-107 to the host myeloid-derived suppressor cells, where miR-
107 induces MDSC amplification and activation by targeting
Frontiers in Immunology | www.frontiersin.org 11
DICER1 (36). The bidirectional effect of DICER1 is the key factor
for it to become an intermediate molecule. Here, we propose a
mechanism that the increase of miR-424 reduces the expression of
miR-497 through a miR-424-DICER1-miR-497 feedback loop,
leading to the opposite miR-424 and miR-497 expression in RA
synovium. The feedback loop of DICER1 is not necessarily the only
hidden clue, however, our results provide a novel insight into
understanding miRNA expression and new candidate targets for
controlling RA.
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