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Growing data have indicated that the miR-17–92 cluster is implicated in inﬂammatory response and rheumatoid arthritis
(RA). This study was aimed to investigate the effects of miR-92a on the proliferation and migration of rheumatoid arthritis
ﬁbroblast-like synoviocytes (RA-FLSs). Our results showed that miR-92a was signiﬁcantly down-regulated in RA synovial
tissue and RA-FLSs, whereas the protein level of AKT2 is increased. Restoration of miR-92a suppressed the proliferation
and migration of RA-FLSs. Down-regulation of miR-92a promotes proliferation and migration of normal human FLSs.
Dual luciferase reporter gene assay showed that miR-92a could speciﬁcally bind with the 30 UTR of AKT2 and signiﬁcantly
repressed the luciferase activity. Down-regulation or up-regulation of miR-92a signiﬁcantly increased or decreased the
protein and phosphorylation levels of AKT2. siRNA-mediated down-regulation of AKT2 signiﬁcantly prevented cell
proliferation and migration of RA-FLSs, which were similar to the effects induced by overexpression of miR-92a.
Moreover, AKT2 overexpression rescued miR-92a-mediated suppressive effect on proliferation and migration of RA-FLS.
Thus, miR-92a could inhibit the proliferation and migration of RA-FLSs through regulation of AKT2 expression.
Keywords.

AKT2; MiR-92a; rheumatoid arthritis; RA-FLS

1. Introduction
Rheumatoid arthritis (RA) is a kind of chronic joint inﬂammatory autoimmune disease, characterized by abnormal synovial hyperplasia, tissue destruction and functional disability
induced by inﬂammatory cytokines and proteases (McInnes
and Schett 2011). RA that has incredibly high morbidity and
mortality rates is affecting 0.5–1% adults in developing and
developed countries (Covic et al. 2012; Hajiabbasi et al. 2016).
Many studies have reported that ﬁbroblast-like synoviocytes
(FLSs) are key effector cells in the occurrence and progression
of RA (Audo et al. 2015; Kaneko et al. 2016; Xing et al. 2016).
FLSs from RA patients exhibit ‘tumor-like’ properties including hyperproliferation, decreased apoptosis and aberrant
migration (Karouzakis et al. 2009; Bottini and Firestein 2013).
Activated RA-FLSs migrate and invade into cartilage and bone,
which causes synovial pannus formation and joint destruction
(Mor et al. 2005; Bartok and Firestein 2010; McInnes and
Schett 2011). Accumulated evidence suggests that inhibition of
proliferation and migration of FLSs may be promising for RA
treatment (McInnes and Schett 2011). In the current study, the
elements that affect FLSs activities were investigated.
MicroRNAs (miRNAs) are small (* 22 nucleotide),
highly conserved endogenous non-coding RNAs that
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regulate about 30% of gene expression (Guo et al. 2010).
Accumulating evidence indicates that miRNAs regulate
activation of FLSs and involved in pathological development of RA (Yang and Yang 2015; Mu et al. 2016). The
miRNA cluster is a polycistronic gene which encodes several miRNAs in a single primary, or nascent, transcript
(Sakai et al. 2017). The MiR-17–92 cluster is located in the
C13orf25 (chromosome 13 open reading frame 25), which
encodes six distinct miRNAs in a single primary transcript
(miR-17, miR-18a, miR-19a, miR-19b, miR-20a and miR92a) (Philippe et al. 2013). Growing data have indicated that
miR-17–92 cluster is implicated in inﬂammatory response
and RA (O’Connell et al. 2010; Philippe and Alsaleh 2013).
For instance, miR-19a/b affects the production of inﬂammatory cytokines such as IL-6 in LPS-activated RA synovial
ﬁbroblasts (Philippe et al. 2012). MiR-18a promotes chronic
inﬂammation in the joint (Trenkmann et al. 2013). MiR-17
suppresses expression of inﬂammatory cytokines and
inﬂammatory responses in rheumatoid arthritis synovial
ﬁbroblasts (Akhtar et al. 2016). These studies suggest that
miR-17–92 cluster is potential targets in RA treatment.
AKT2 belongs to the serine/threonine kinase family, which
regulates many pathological processes such as RA development (Xu et al. 2017). The blockage of AKT pathway could
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inhibit RA progression by suppressing IL-21 induced migration
of FLSs (Xing and Jin 2016). In addition, inhibition of AKT2 in
osteoblasts prevents osteoporosis in RA (Kaneshiro et al.
2014). Moreover, activation of PI3 K/AKT pathway promotes
RA-FLS proliferation and inﬂammation (Li et al. 2014). It also
has been reported that miR-650 inhibits proliferation and
migration of rheumatoid arthritis synovial ﬁbroblasts by targeting AKT2 (Xu and Chen 2017). These results suggest AKT2
as a potential therapeutic target of RA.
The aim of this study was to discovery miRNAs directly
targeting AKT2 and regulating activities of FLSs. Here, we
found that miR-92a directly targeted 30 UTR of AKT2.
Moreover, miR-92a inhibited proliferation and migration of
RA-FLSs through targeting AKT2.

2. Material and methods
2.1

Object of study

Synovial tissue samples were obtained from 19 RA
patients (14 females and 9 males, 33–73 years old, mean
51 years old) and 13 normal control patients (5 females
and 8 males, 28–69 years old, mean 49 years old), who
were undergoing joint replacement surgery or synovectomy at department of Orthopaedics, 309th Hospital of
Chinese PLA from 2012 to 2017. RA was diagnosed
according to the American College of Rheumatology criteria for classiﬁcation of disease (Arnett et al. 1988).
Normal control patients who suffered joint trauma are free
of other diseases such as autoimmune disease, infectious
disease and cancer. This study was approved by the Ethics
Committee of 309th Hospital of Chinese PLA. Informed
written consent was obtained from all participants.

TaqMan microRNA reverse transcription kit (Applied
Biosystems, Foster City, CA, USA). miR-92a and AKT2
expression was quantiﬁed using TaqMan microRNA Assays
(Applied Biosystems, Foster City, CA, USA) according to
the manufacturer’s instructions. U6 snRNA was used as an
endogenous control.

2.4

After transfection for 48 h, cells were lysed using RIPA
buffer (Beyotime Biotech Inc., China) on ice for 15 min.
Protein concentrations were determined by the BCA Protein Assay kit (Applygen, Beijing, China). Equal protein in
each sample was separated by 8% sodium dodecyl sulfate–
polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred onto polyvinylidene ﬂuoride (PVDF) membrane
(Bio-Rad, USA). The membranes were blocked with 5%
nonfat milk for 30 min, and then incubated with primary
antibodies including anti-AKT2 (1:1000 dilution, Santa
Cruz, USA), anti-p-AKT2(Ser474) (1:1000, Cell Signaling
Technology), anti-AKT1 (1:1000, Cell Signaling Technology), anti-AKT3 (1:1000, Cell Signaling Technology) and
anti-GAPDH (1:2000 dilution, Santa Cruz, USA) at 4°C
overnight. Each membrane was rinsed three times for
10 min, then incubated with the secondary horseradish
peroxidase-linked antibodies. The protein bands were
detected using anti-rabbit or mouse IgG conjugated with
HRP, followed by use of the ECL Plus western blotting
detection system (GE Healthcare, UK) according to the
manufacturer’s instructions. GAPDH was used as the
loading reference for data analysis.

2.5
2.2

Cells and cell culture

Normal human FLSs and RA-FLSs were purchased from Cell
Applications (San Diego, CA, USA). Human embryonic
kidney 293 (HEK293) cells were obtained from the American
Type Culture Collection (ATCC). RA-FLSs and HEK293
were cultured in Dulbecco’s modiﬁed Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum (FBS;
PAA Laboratories, Pasching, Austria) at 37°C within 5% CO2.

2.3 Quantitative realtime polymerase chain reaction
(qRTPCR) analysis
Total RNA, including miRNA, was extracted from synovial
tissues and cells using TRIzol (Invitrogen, La Jolla, CA,
USA) according to manufacturer’s instructions. For miRNA
quantiﬁcation, reverse transcription was performed using the

Protein extraction and Western blot

Plasmid construction and cell infection

FLS were seeded 60–70% conﬂuency in a medium without
antibiotics 24 h prior to transfection. MiRNA control mimic
(miR-Control), miR-92a mimic, miRNA control inhibitor
(anti-NC), and miR-92a inhibitor (anti-miR-92a) (Applied
Biosystems, USA) were transfected at a ﬁnal concentration
of 100 nM with using Lipofectamine RNAiMAX transfection reagent (Invitrogen, USA) according to the manufacturer’s instruction. For AKT2 overexpression, the wild-type
AKT2 cDNA sequence without the 30 UTR was subcloned
into pLenti6/V5 (Invitrogen, USA). The production and
puriﬁcation of lentivirus and cell infection were performed
as previously described (Zheng et al. 2012; Yuan et al.
2013). Empty lentiviral vectors (Vector) were used as control
of lenti-AKT2. SiRNAs of AKT2 were obtained from Santa
cruz (St. Louis, Missouri, USA) and were transfected into
cells using Lipofectamine 2000 reagent (Invitrogen, USA).
The cells were used for next experiments after transfection
for 48 h.
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2.6

Dual luciferase reporter assays

The human AKT2 30 UTR (WT) or mutated (AKT2-MUT)
fragment of AKT2 30 UTR that contained the putative miR92a binding sites were cloned into pIS2 luciferase reporter
vector (Addgene) according to a previous description (Zhang
et al. 2011). For the luciferase reporter assay, FLS were
seeded onto 24-well plates at a density of 1 9 105 cells/well
and co-transfected with 100 ng of the luciferase reporter
vectors and 20 pmol of miR-control or miR-92a mimic. At
48 h after transfection, the cells were lysed and measured for
luciferase activities using the Dual-luciferase Reporter Assay
System (Promega). The activity of ﬁreﬂy luciferase was
normalized to that of Renilla luciferase.

2.7

Cell proliferation

Cell proliferation was detected by 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide (MTT) assay. After
transfection for 48 h, FLS were seeded onto 96-well plates
(5 9 103 cells/well) and incubated for 24, 48 or 72 h. The
MTT solution (20 ml, 5 mg/mL, Sigma-Aldrich, USA) was
added and incubated for additional 4 h at 37°C incubator
with 5% CO2. Dimethyl sulphoxide (DMSO, 300 ll) was
then added to dissolve the crystals. Absorbance of sample at
570 nm was read using a spectrophotometer.

2.8
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performed to assess differences between two groups. P-values
less than or equal to 0.05 were considered signiﬁcant.

3. Results
3.1

Expression of miR-92a in synovial tissues and FLSs

To investigate the effects of miR-92a on RA-FLSs and
rheumatoid arthritis, qRT-PCR was performed to detect the
expression of miR-92a in synovial tissue from 19 RA
patients and 13 healthy controls. The results showed that the
expression of miR-92a was signiﬁcantly down-regulated in
RA patient compared to healthy controls (P \ 0.01, ﬁgure 1A). Oppositely, the expression of AKT2 was increased
in RA patients (P \ 0.01, ﬁgure 1B). Moreover, the
expression of miR-92 was lower in human RA-FLSs than
that in normal human FLSs (P \ 0.05, ﬁgure 1C), whereas
the protein level of AKT2 is increased in human RA-FLSs
(P \ 0.05, ﬁgure 1D). These data suggested that downregulation of miR-92a and up-regulation of AKT2 might be
involved in the pathogenesis of RA.

Cell migration assays

After transfection for 48 h, cell migration assay was performed using Transwell chambers with 8-lm pores (Millpore, USA). FLS (5 9 104 cells per chamber) were
suspended in serum-free DMEM in the upper chambers in
triplicate. DMEM containing 1% FBS was added to the
lower chamber as a chemoattractant. The chambers were
incubated at 37°C within 5% CO2 for 6 h. After incubation,
the cells were ﬁxed in methanol for 10 min at room temperature and stained with 0.1% crystal violet. The non-migrating cells on the upper surface of the ﬁlter membrane
were removed by a cotton swab. The stained cells on the
bottom side of the membrane were observed, photographed,
and counted in ﬁve representative microscopic ﬁelds
(100 9 magniﬁcation).

2.9

Statistical analyses

Data were present as means ± standard deviation (SD). The
software of SPSS19.0 software (Chicago, IL) was used for
statistical analysis. For comparisons of three or more groups, the
analyses were performed by one-way analysis of variance
(ANOVA) with Dunnett’s post hoc test. Student’s t-test was

Figure 1. miR-92a is down-regulated in RA synovial tissues and
FLSs. (A and B) The expression of miR-92a and AKT2 in
synovial tissues from RA patients (n = 19) and healthy controls
(n = 13) was detected by qRT-PCR analysis. (C) qRT-PCR
analysis of miR-92a levels in normal human FLSs and RA-FLSs.
(D) Western blot analysis of AKT2 protein levels in normal human
FLSs and RA-FLSs. **P \ 0.01 ***P \ 0.001.
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3.2 Restoration of miR-92a suppresses
the proliferation and migration of RA-FLSs
To further elucidate the function of miR-92a in RA-FLSs
and rheumatoid arthritis, its expression was restored by
transfection with miR-92a mimic in RA-FLS. A 3.3-fold
increase in miR-92a level was observed after transfection for
48 h (ﬁgure 2A). Moreover, up-regulation of miR-92a signiﬁcantly prevented cell proliferation and migration of RAFLSs (ﬁgure 2B and C). These data suggested that miR-92a
was a growth and migration suppressor of human RA-FLSs.

3.3 Down-regulation of miR-92a promotes
proliferation and migration of normal human FLSs
To further conﬁrm the inhibitory effects of miR-92a on
proliferation and migration of RA-FLSs, we detected the
proliferation and migration of normal human FLSs in which
miR-92a were down-regulated by transfection with miR-92a
inhibitor. The expression of miR-92a signiﬁcantly decreased
after transfection for 48 h (ﬁgure 3A). As expectedly, downregulation of miR-92a markedly promoted the proliferation
and migration of normal human FLSs (ﬁgure 3B and C),
which conﬁrmed the inhibitory effects of miR-92 on cell
proliferation and migration of FLSs.

3.4

with the miR-control group, miR-92a signiﬁcantly inhibited
relative luciferase activity when co-transfected with the
AKT-WT reporter plasmid. However, miR-92a-mediated
inhibitory effect was not observed in the AKT-MUT reporter
transfected cells (ﬁgure 4B). These data suggested that miR92a directly bound to the predicted binding site that is
mutated in the study. In addition, the protein level and
activity of AKT2 was decreased in RA-FLSs transfected
with miR-92a mimic, whereas increased in normal FLSs
transfected with miR-92a inhibitor (ﬁgure 4C–F). However,
the expression changes of miR-92a did not affect the
expression levels of AKT1 and AKT3 (ﬁgure 4C–F). These
results demonstrated that miR-92a may inhibited AKT2
expression by directly binding to the 30 UTR of AKT2.

3.5 Knocking down of AKT2 inhibits the proliferation
and migration of RA-FLSs
To further determine the role of AKT2 in RA-FLSs and
rheumatoid arthritis, AKT2 was knocked down in RA-FLSs
and cell proliferation and migration were detected by MTT
assay and transwell migration assay, respectively. As shown
in ﬁgure 5A, delivery of AKT2 siRNA 1 and 2 signiﬁcantly
decreased the expression of AKT2. siRNA-mediated downregulation of AKT2 signiﬁcantly prevented cell proliferation
and migration of RA-FLSs, which were similar to the effects
induced by miR-92a overexpression.

AKT2 is a direct target of miR-92a

Using targetsan database, AKT2 was identiﬁed as a potential
target gene of miR-92a. To verify the binding site, the
30 UTR of AKT2 containing the wild-type (AKT-WT) or
mutated (AKT-MUT) seed-sequence of miR-92a shown in
ﬁgure 4A was cloned into a ﬁreﬂy luciferase reporter vector.
Then, dual luciferase assays were performed. Compared

3.6 AKT2 overexpression rescues miR-92a-mediated
suppressive effect on proliferation and migration of RAFLS
The rescue experiments were further performed to evaluate
whether overexpression of AKT2 could reverse the miR-

Figure 2. Restoration of miR-92a suppresses the proliferation and migration of RA-FLSs. (A) qRT-PCR analysis of miR-92a levels in
RA-FLSs transfected with the miR-92a mimic or miR-control. (B) MTT assay was performed to test the viability of RA-FLSs transfected
with the miR-92a mimic or miR-control after culturing for 24, 48 or 72 h. (C) Cell migration was determined by transwell migration assay.
Bar graphs represent data from three independent experiments. Data are expressed as mean ± SD. ***P \ 0.001.
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Figure 3. Down-regulation of miR-92a promotes the proliferation and migration of normal human FLSs. Normal human FLSs were
transfected with the miR-92ap inhibitor (anti-miR-92a) or corresponding control (anti-NC) for 48 h. (A) qRT-PCR analysis of miR-92a
levels in normal human FLSs transfected with the anti-miR-92a or anti-NC. (B) MTT assay was performed to test the viability of normal
human FLSs transfected after culturing for 24, 48 or 72 h. (C) Cell migration was determined by transwell migration assay. Bar graphs
represent data from three independent experiments. Data are expressed as mean ± SD. ***P \ 0.001.

Figure 4. Identiﬁcation of AKT2 as a direct target of miR-92a. (A) Bioinformatic analysis revealed that the 30 UTR of AKT2 mRNA
contained a putative miR-92a target site. (B) Luciferase reporter assay. 293T cells were co-transfected with AKT2 30 UTR reporter
constructs harbouring wild-type or mutated miR-92a target site (shown in A) and miR-92a mimic or miR-control. Fireﬂy luciferase activity
was normalized to Renilla luciferase activity. (C–D) RA-FLSs were transfected with miR-92a mimic (miR-92a) or miR-control for 48 h.
(C) qPCR was used to detect the expression of miR-92a. (D) Western blot analysis of AKT2 protein levels in RA-FLSs transfected with the
miR-92a or miR-control. (E–F) Normal human FLSs were transfected with anti-miR-92a or anti-NC for 48 h. (E) qPCR was used to detect
the expression of miR-92a. (F) Western blot analysis of AKT2 protein levels in Normal human FLSs transfected with anti-miR-92a or antiNC. Bar graphs represent data from three independent experiments. Data are expressed as mean ± SD. **P \ 0.01, ***P \ 0.001.
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Figure 5. Silencing of AKT2 inhibits cell proliferation and migration of RA-FLSs. RA-FLSs were transfected with control (scramble) or
AKT2-targeting siRNAs (AKT2 siRNA 1 and 2) for 48 h. (A) Western blot analysis of AKT2 protein levels in RA-FLSs. (B) MTT assay
was performed to detect cell proliferation after culturing for 24, 48 or 72 h. (C) Cell migration was determined by transwell migration assay.
Bar graphs represent data from three independent experiments. *P \ 0.05 versus cells transfected with scramble. Data are expressed as
mean ± SD. ***P \ 0.001.

92a-mediated suppressive effects on proliferation and
migration of RA-FLSs. We enforced the expression of
AKT2 in miR-92a-overexpressing RA-FLSs by infection
lentivirus vectors containing AKT2 (AKT2). The overexpression of AKT2 did not affect the expression of miR-92a
(ﬁgure 6A). Moreover, AKT2 is overexpressed in miR-92a
overexpressed RA-FLSs (ﬁgure 6A and B). As shown in
ﬁgure 6B, the expression level of AKT2 in miR-92a and
AKT2 co-overexpressed group was similar with that in miRcontrol transfected group. In addition, AKT2 overexpression
restored the inhibitory effect of miR-92a on cell proliferation
and migration of RA-FLSs (ﬁgure 6C and D). These results
suggested that miR-92a exerted its inhibitory role in RAFLSs proliferation and migration by targeting AKT2.

4. Discussion
RA is an inﬂammatory autoimmune disease that are characterized by joint synovial inﬂammation (McInnes and
Schett 2011). MiRNAs can regulate post-transcriptional
mRNA expression, which are involved in many pathological
progression including RA development (Filkova et al.
2012). Accumulating data have indicated that miRNAs
mediate the proliferation and migration of RA-FLSs (Yang
and Yang 2015). It has reported that miRNAs from miR17–92 cluster play an important role in RA development and
inﬂammatory regulation (O’Connell and Rao 2010; Philippe
and Alsaleh 2013). However, the role of miR-92a in RA
remains unclear. Here, our data suggested that miR-92a was
signiﬁcantly decreased in RA synovial tissue and FLSs. The
down-regulation of miR-92a in RA patients suggested its
critical role in RA development.
As a major cell population in synovial tissues, RA-FLSs are
involved in RA development. Activations of RA-FLSs

including proliferation and migration contribute to pannus
formation and tissue damage during RA progression (Lefevre
et al. 2009). Previous study has demonstrated that inhibition of
RA-FLSs protects against joint destruction in RA (Lao et al.
2016). It has been considered that RA-FLSs may be a novel
therapeutic target for RA (Li et al. 2015). Therefore, we further
investigate the regulatory role of miR-92a in RA-FLSs. Of
note, our results have shown that miR-92a suppresses the
proliferation and migration of RA-FLSs, which suggests that it
plays an inhibitory role in RA progression.
To further investigate the mechanism by which miR-92a
inhibits the proliferation, migration and invasion of RAFLSs, we sought to identify its direct target genes. It is
predicted by targetscan database that miR-92a potentially
targeted 30 UTR of AKT2. This prediction was conﬁrmed by
luciferase reporter assay that suggested the binding between
miR-92a and the 30 UTR of AKT2. In addition, enforced
expression of miR-92a signiﬁcantly decreased the levels of
endogenous AKT2 in RA-FLSs. We further observed that
AKT2 was up-regulated in RA patients and RA-FLSs, which
is consistent with previous study (Xu and Chen 2017).
AKT comprises three isoforms including Akt1, Akt2 and
Akt3 that are mammalian serine/threonine kinases (Cohen 2013;
Yu et al. 2015). Since AKT2 exhibits regulatory role in cell
growth and migration in different types of cancer cells (Shen
et al. 2013; Rensing et al. 2014; Yu and Littlewood 2015; Wang
et al. 2016). We hypothesized that miR-92a inhibited cell proliferation and migration by down-regulating AKT2. In line with
the hypothesis, our data demonstrated that silencing down-regulation of AKT2 phenocopied the effects of miR-92a overexpression on RA-FLSs, which caused a signiﬁcant reduction of
RA-FLSs proliferation and migration. Rescue experiments
using a miRNA-resistant AKT2 variant also conﬁrmed the link
between miR-92a and AKT2 in the regulation of RA-FLS
proliferation and migration. In agreement, previous studies have
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Figure 6. Enforced expression of AKT2 counteracts the biological effects of miR-92a on RA-FLSs. RA-FLSs were infected and
transfected with lentivirus vector carrying AKT2 lacking 30 UTR (AKT2) along and miR-92a- or miR-control and empty vector control.
(A) qPCR was used to explore the expression of miR-92a. (B) Western blot analysis was conducted to determine the protein level of AKT2.
(C) MTT assay was used to detect the proliferation of RASFs after culturing for 24, 48 or 72 h. (D) Transwell migration assay were used to
detected RA-FLSs migration. Bar graphs represent data from three independent experiments. *P \ 0.05 ***P \ 0.001.

reported the promoting effect of AKT2 on cell proliferation and
migration (Shen and Zhang 2013; Rensing and de Jager 2014;
Yu and Littlewood 2015; Wang and Wu 2016). It has been
reported that PI3 K/AKT2 signalling pathway inhibits osteoblast differentiation in the pathogenesis of RA (Kaneshiro and
Ebina 2014). Besides, AKT2 increased the expression of
PGLYRP1, IL36A and MMP13 in RAFLSs, which led to promotion of joint destruction (Hartkamp et al. 2014). Moreover,
the inhibition of PI3 K/Akt/mTOR pathway could lessen bone
destruction in RA (Kim et al. 2012). Thus, miR-92a may suppressed the proliferation and migration of RA-FLSs by preventing AKT2-mediated production of MMPs and cytokines.
In conclusion, miR-92a is down-regulated in RA synovial
tissues and RA-FLSs. Besides, restoration of miR-92a suppresses cell proliferation and migration of RA-FLSs by targeting AKT2. These ﬁndings suggest that the miR-92a/
AKT2 pathway may play an important role in the

pathogenesis of RA and represent a novel target for prevention and treatment of RA.
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