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Abstract: Rheumatoid arthritis (RA) is a common autoimmune disease and characterized by chronic inflammation,
abnormal synovial cell proliferation, and joint swelling and tenderness, and it causes patients substantial pain. To
date, the pathogenesis of RA remains unclear, and specific treatment is still lacking in the clinic. Evidence from
previous research indicated that the long noncoding RNA (IncRNA) LOC100912373 is a key IncRNA and involved
in RA. However, our understanding of the specific mechanism of IncRNA LOC100912373 in RA development and
progression is still in its infancy. In this study, fibroblast-like synoviocytes (FLSs) were cultured by enzyme-dispersed
and substrate-attached explant methods. The MTT method, flow cytometry and transmission electron microscopy
were used to determine the effect of IncRNA LOC100912373 on FLSs. The expression of key genes such as In-
cRNA LOC100912373, miR-17-5p, PDK1 and AKT in FLSs was detected by RT-gPCR, immunofluorescence and
Western blot. The localization of IncRNA LOC100912373 was determined by fluorescence in situ hybridization. The
specific targeting relationship between IncRNA LOC100912373 and miR-17-5p/PDK1 was verified by RNA immu-
noprecipitation and luciferase reporter gene analysis. The results showed that INcRNA LOC100912373 localized in
the cytoplasm and was highly expressed in the synovial tissues and FLSs of AA rats. LncRNA LOC100912373 over-
expression promoted the proliferation of FLSs. In addition, IncRNA LOC100912373 could bind to miR-17-5p, and
the expression of INcCRNA LOC100912373 was negatively correlated with miR-17-5p and positively correlated with
PDK1/AKT. In conclusion, IncRNA LOC100912373 may upregulate the expression of PDK1 by sponging miR-17-5p,
accelerating the phosphorylation of AKT and inducing the proliferation of FLSs, thus promoting the occurrence and
development of RA.
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Introduction

Rheumatoid arthritis (RA) is a systemic and
autoimmune disease and characterized by ch-
ronic inflammation, abnormal synovial cell pro-
liferation, joint swelling and tenderness, its in-
cidence is as high as 0.5% to 1% in the popu-
lation, seriously affected people’s health and
quality of life [1-3]. Fibroblast-like synoviocytes
(FLSs) are the stromal cells of the joint capsule.
As a prominent component of synovial pannus
tissue, excessive proliferation of FLSs will lead
to synovial hyperplasia and progressive joint
destruction, and promote the occurrence, de-

velopment and persistence of RA [4, 5]. Ne-
vertheless, to date, the specific pathogenesis
of RA has not been fully elucidated. A number
of studies have been confirmed that it may be
related to immune factors, environmental fac-
tors, heredity and so on [6-8]. Accordingly,
studying the etiology of RA and elucidating its
pathogenesis may identify new targets for the
diagnosis and help patients to develop safer
and more effective treatment strategies.

Long noncoding RNAs (IncRNAs) are one of the
functional noncoding RNAs; they are usually
composed of more than 200 bp, do not contain
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an open reading frame and cannot encode pro-
teins [9, 10]. However, IncRNAs can regulate
the transcription and translation of genetic
information and protein modification, which is
closely related to many diseases [11, 12]. An
increasing number of studies have reported
that there is some correlation between Inc-
RNAs and RA [13, 14]. In our previous studi-
es [15, 16], we found that IncRNA LOC1009-
12373 is a key IncRNA related to RA. However,
our understanding of the specific mechanism
of IncRNA LOC100912373 in the development
and progression of RA is still in its infancy.

The competitive endogenous RNA (ceRNA) the-
ory, which describes a new mechanism of in-
teraction among RNAs, was first proposed by
Salmena et al [17] in 2011. Specifically, this
theory states that INcRNAs can act as ceRNAs
that regulate the expression of downstream tar-
get genes by binding to miRNA targets [18, 19].
As an important gene regulatory molecule in
organisms, the abnormal expression of miRNAs
is closely related to a variety of human diseas-
es. MiR-17-5p, a member of the miR-17 family,
is involved in the normal development of or-
ganisms and the related processes of cell gr-
owth and death [20]. PDK1 belongs to the ser-
ine/threonine protein kinase family, which can
regulate cell proliferation, differentiation, me-
tabolism, apoptosis and other biological func-
tions [21, 22]. Several studies have confirmed
a certain association between PDK1 and RA,
and these researchers have found that inhibi-
tion of PDK1 can reduce the proliferation of
FLSs and the inflammatory response in RA [23,
24].

However, the specific relationship between Inc-
RNA LOC100912373 and the miR-17-5p/PDK1
signaling axis and whether they are related to
the occurrence and development of RA need
to be verified. Therefore, in the present study,
based on the ceRNA theory, we studied wheth-
er IncRNA LOC100912373 can modulate PDK1
expression by sponging miR-17-5p to promote
the proliferation of FLSs in RA.

Materials and methods
Animals
The subjects used in this study were male

Sprague-Dawley SPF-grade rats, which were
purchased from the Experimental Animal Cen-
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ter of Anhui Province. All the rats were healthy
and free from other diseases and were raised
in the animal facility of the First Affiliated Hos-
pital of Anhui University of Chinese Medicine.
The experimental scheme was approved by the
Animal Ethics Committee of Anhui University of
Chinese Medicine (AHUCM-rats-004).

Preparation of the animal model and the col-
lection of synovial tissue

After 1 week of adaptive feeding, complete
Freunds adjuvant (Sigma, 1001646446) was
injected subcutaneously into the left hindfoot
to obtain an adjuvant arthritis (AA) rat model,
the specific operation was described by Hui
Jiang et al. [25]. The rats were anesthetized
with 1.0% sodium pentobarbital anesthesia
and were sacrificed after blood was collected
from the abdominal aorta on the 20th day after
immunization, and then the synovial tissue was
then isolated from the knee joint.

Culture and identification of synovial cells

FLSs were cultured in complete DMEM me-
dium with 20% fetal bovine serum (Gibco,
1715752) at 37°C and 5% CO, by the tissue
explant method [26]. The primary and subcul-
tured FLSs were observed under an inverted
phase contrast microscope, the subcultured
synovial cells were identified by immunofluor-
escence staining for vimentin, and the specific
operation was carried out according to the
instructions of the kit.

Synthesis and verification of overexpression
plasmid and siRNA

Design and synthesis of IncRNA LOC1009123-
73 overexpression plasmid and siRNA: To over-
express IncRNA LOC100912373, the full-leng-
th IncRNA LOC100912373 was cloned into the
pcDNA3.1 plasmid (Shanghai GenePharma
Co., Ltd) and marked as the pcDNA3.1-LOC-
100912373 group. Lipofectamine™ 2000 Tr-
ansfection Reagent (5.0 yL, 7.5 pL and 10.0
pL) (Invitrogen, 939336) was evenly mixed wi-
th 2.5 ug DNA to produce three different gr-
oups, and the empty pcDNA3.1 vector was
used as a control. To inhibit gene expression,
IncRNA LOC100912373 sequence information
was obtained from the NCBI database, and
specific small interfering RNA (siRNA) sequen
ces were designed and synthesized according
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Table 1. Information of primers for qRT-PCR

Detection of the cell cycle by

Targeted gene

Forward sequence and Reverse sequence

flow cytometry: FLSs were co-

LOC100912373 F: 5-TTGATTGGCAAACCGCTTCA-3’
R: 5’-GGCTTGCATTCCATTCGTCT-3’
PDK1 F: 5-CTGGCTGGATTTGGTTACGG-3’

R: 5’-ACTCCGTTGACAGAGCCTTAAT-3’

AKT F: 5-GCTGGAGAACCTCATGCTG-3’
R: 5’-GTGTCCCGCAGAACGTC-3’

Product
length (bp) llected and stained with PI
156 (Solarbio, 20190320). The pe-
rcentage of synovial cells in
133 each stage was detected by

flow cytometry (Beckman, Cy-
toFLEX) to observe the effect
110 of INcRNA LOC100912373 ov-
erexpression or interference

to its full-length sequence information. siRNA1
Forward sequence 5-AAUCAAUUUUUUUGUUU-
CCAU-3’, reverse sequence: 5-GGAAACAAAA-
AAAUUGAUUGG-3’, siRNA2 Forward sequence:
5-AUACAAUUUUGCAAUAAGGAA-3’, reverse se-
quence: 5-CCUUAUUGCAAAAUUGUAUUC-3'. si-
RNA3 Forward sequence: 5’-UCUUUACAGCUU-
ACAUUUCCA-3’, reverse sequence: 5-GAAAUG-
UAAGCUGUAAAGAUU-3'. Each siRNA was divid-
ed into three different dose groups: 50 pmol,
75 pmol and 100 pmol. All siRNA sequences
were synthesized and purchased from Gene-
Pharma (Shanghai, China).

Cell transfection: The cells were inoculated in
6-well cell culture plates in advance to ensure
that the cells reached 60% to 80% confluence
by the time of transfection. The IncRNA LOC-
100912373 siRNA and overexpression plas-
mids were transfected into FLSs with Lipo-
fectamine™ 2000 Transfection Reagent (Invi-
trogen, 939336) according to manufacturer
instructions. 48 hours after transfection, the
cells were collected and the expression of
IncRNA LOC100912373 was detected by qRT-
PCR [9].

Cell assay

Detection of FLS proliferation by MTT assay:
After transfection, the cells were cultured for
24,48, and 72 hours. 4 hours before the termi-
nation of culture, 10 yL MTT (5 mg/L) was
added to each well, and the culture was con-
tinued for 4 hours after mixing. At the end of
the culture, 150 pL dimethyl sulfoxide (DMSO)
was added, and the cells were mixed on the
shaker for 10 mins. The optical density (OD)
was measured at 570 nm to observe the ef-
fect of IncRNA LOC100912373 overexpressi-
on or interference on the proliferation of FLSs
[26, 27].
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on the cell cycle of FLSs.

Detection of FLS ultrastructure by transmission
electron microscopy: FLSs were collected, fix-
ed with 2.5% glutaraldehyde and 1% osmium
tetroxide, dehydrated with acetone and impr-
egnated with epoxy resin embedding agent.
Finally, the sample was sliced and stained, and
the ultrastructure of the cell was detected by
transmission electron microscopy.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from cultured cells
with an EZ-10 Total RNA Mini-Preps Kit (San-
gon Biotech, FO18KA3101), and then RNA was
reverse transcribed into cDNA by using a reve-
rse transcription kit (ABclonal, 9619580410).
PCR analyses were performed with TB Green™
Premix Ex Tag™ Il (TAKARA, AK8902). Beta-
actin was used as an endogenous control. All
results were calculated and expressed as 225t
[28]. The primers were synthesized by Shang-
hai Sangon Biotech Technology Service Co., Ltd
and are shown in Table 1.

Western blot

FLSs were washed with cold PBS three times
and cleaved with 100 pL protein lysis buffer.
The lysates were separated by sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and then transferred to a polyvi-
nylidene fluoride (PVDF) membrane. The PVDF
membrane was washed with 1x TBST for 2
mins, blocked with 5% skim milk at room tem-
perature for 2 hours, and incubated with an-
ti-PDK1 antibody (1:500), anti-AKT antibody
(1:2000), or anti-p-AKT antibody (1:1000) over-
night at 4°C. Then, the cells were washed with
TBST three times and incubated with an anti-
mouse or anti-rabbit HRP-conjugated second-
ary antibody (1:10000) for 2 hours at room
temperature [29]. The protein was detected
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with an enhanced chemiluminescence kit. Ea-
ch protein band shown is a representative
image from three replicates. Western blotting
data were quantified with ImageJ software.

Immunofluorescence

FLSs were fixed with 4% paraformaldehyde for
30 mins. Then, 50-100 uL 0.25% Triton X-100
was added and incubate for 10 mins at room
temperature. The sections were washed with
PBS for three times, and immunostained with
primary antibodies, and incubated overnight in
a wet chamber at 4°C. The dilutions of antibo-
dies were PDK1 (1:200), AKT (1:100), and p-
AKT (1:200). Then, the cells were stained wi-
th the corresponding secondary antibody, and
incubated at room temperature for 50 mins.
Cell nuclei were stained with DAPI.

Fluorescence in situ hybridization (FISH)

Cell coverslips were fixed with 4% paraformal-
dehyde for 20 mins. Then, the coverslips were
placed in PBS (pH 7.4) and washed on a decol-
orizing shaker for 3 times for 5 mins each. An
immunohistochemical pen was used to draw
circles, and according to the characteristics of
different tissues, protease K (20 pg/mL) diges-
tion was performed for 1-5 mins, and the cover-
slips were washed with PBS 3 times for 5 mins
each. The prehybridization solution was added
and incubated in a 37°C incubator for 1 h then
poured out. Then, the hybridization solution
was added, and the slide was allowed to hy-
bridize overnight at 4°C. The coverslips were
washed once in SSC (2x%) for 10 mins, twice in
SSC (1x) for 5 mins each, and once in SSC
(0.5x%) for 10 mins. DAPI dye solution was add-
ed, and the coverslips were incubated in the
dark for 8 mins, washed with PBS and sealed
with anti-fluorescence quenching agent [30].
The cellular localization of IncRNA LOC10091-
2373 was observed under a fluorescence mi-
croscope.

Luciferase reporter assay

The interactions between IncRNA LOC1009-
12373 and miR-17-5p and between miR-17-5p
and the 3’untranslated region (UTR) of PDK1
mRNA were verified by luciferase reporter ge-
ne analysis. PDK1-3'UTR and IncRNA LOC-
100912373 containing miR-17-5p binding sit-
es were inserted into pGL3 plasmids, and the
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PDK1-3’'UTR-mutant (Mut) and IncRNA LOC-
100912373-Mut fragments were inserted into
the pGL3 plasmid to construct a luciferase re-
porter vector. The recombinant vector and miR-
17-5p simulated by Liposome 2000 reagent
were cotransfected into 293T functional cells.
The cells were collected at 48 h post-transfec-
tion, and luciferase activities were measured
using the Luciferase Reporter Assay System
(Promega) and normalized to the Renilla lucifer-
ase activity.

RNA-binding protein immunoprecipitation (RIP)

The direct binding of IncRNA LOC100912373
and miR-17-5p was detected by RIP. After be-
ing digested by trypsin, the cells were collected
and resuspended in nuclear separation buffer.
The nucleus was precipitated by centrifugation.
The nuclear precipitates were resuspended in
RIP buffer. After resuspension, the nuclear fr-
action was divided into two aliquots of 0.5 mL
each, followed by mechanical shearing and
centrifugation at 13000 rpm for 10 mins. One
aliquot was used as an RNA isolation control.
The antibody was added to the supernatant
and incubated at 4°C for 2 hours, and protein
A/G magnetic beads were added for immuno-
precipitation. The unbound material was wa-
shed off and the bound RNA on RBPs after
immunoprecipitation was purified [31]. RNA
was treated with reverse transcription DNA en-
zyme and detected by qPCR.

Statistical analysis

The data were input into SPSS17.0 software
for statistical processing, and the results were
expressed as the mean + the SD (standard
deviation) (X * s). A one-way analysis of vari-
ance (ANOVA) designed by randomized block
design was used to analyze the differences
among multiple groups, and independent-sam-
ple t-tests and nonparametric tests were used
to detect the differences between groups. The
result was considered statistically significant
when P<0.05.

Results
Identification and activity detection of FLSs
The morphology of FLSs was observed under

microscope. After 3 days of culture, the primary
synovial cells were partially separated from the
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D
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Figure 1. Observation of synovial cell morphology by optical microscopy and fluorescence microscopy (A-C x40, D-F
x200). (A) Primary culture for 3 days. (B) Primary culture for 7 days. (C) FLSs sub-cultured 3 times. (D-F) Immuno-

cytochemical staining of FLSs.

edge of synovial tissue (Figure 1A). After the
primary synovial cells were cultured for 7 days,
the synovial tissue basically disappeared and a
large number of synovial cells were dissociat-
ed, and the cells were oval and spindle-shaped
(Figure 1B). After three passages, the synovial
cells were uniform and spindle-shaped, and
these FLSs were used in the follow-up experi-
ment (Figure 1C). Under a fluorescence micro-
scope, the cytoplasm labeled with the CY3 anti-
body was red, and the nucleus labeled with the
DAPI antibody was blue. As can be seen from
the in Figure 1D-F, the cells in the visual field
are fusiform and homogeneous in shape, which
is consistent with the standard cell morphology
of FLSs.

Expression and cellular localization of IncRNA
LOC100912373

As shown in Figure 2A, the expression of
IncRNA LOC100912373 in synovial tissues of
the model group was significantly higher than
that of the control group. As shown in Figure
2B, the expression of IncRNA LOC100912373
in FLSs of the model group was obviously high-
er than that in the control group.

According to the ceRNA theory, IncRNAs can
regulate miRNAs and downstream target gen-
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es only when they are mainly expressed in the
cytoplasm. Therefore, we performed a FISH
assay of IncRNA LOC100912373 in FLSs, to
clarify the intracellular localization of IncRNA
LOC100912373. As shown in Figure 2C, Inc-
RNA LOC100912373 was mainly expressed in
the cytoplasm.

Cell transfection and verification

After transfection, the cells were stained with
fluorescent dyes. As shown in Figure 3A, a lar-
ge number of cells were successfully trans-
fected in both the pcDNA3.1-LOC100912373
group and the siRNA groups. According to the
mMRNA expression determined by qRT-PCR, the
optimum overexpression concentration of Inc-
RNA LOC100912373 for overexpression was
2.5 ug/5 uL, and the optimum concentration of
siRNA for interference was 75 pmol. The results
are shown in Figure 3B and 3C. The follow-up
experiments were carried out according to the
optimum concentration.

Effects of IncRNA LOC100912373 overexpres-
sion and interference on the proliferation, and
cell cycle of FLSs

As shown in Figure 4A, when the reaction time
was 24 hours, the range of the change in the
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Figure 2. Expression and localization of IncRNA LOC100912373 in synovial tissues and FLSs. A: Expression of In-
cRNA LOC100912373 in the synovium. B: Expression of INcRNA LOC100912373 in FLSs. #P<0.01 compared with
the control group. C: Localization of IncRNA LOC100912373 in FLSs by FISH (x200). a: CY3 fluorescence staining,
b: DAPI fluorescence staining, c: Merge.
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Figure 3. Detection of cell transfection and IncRNA LOC100912373 expression under conditions of overexpression
or interference. (A) Observation of cell transfection results under a fluorescence microscope (x100), (a) pcDNA3.1-
LOC100912373 group, (b) siRNA group. (B) The relative expression of INcRNA LOC100912373 after overexpression
was detected by gRT-PCR. (C) The relative expression of INCRNA LOC100912373 after interference was detected by
gRT-PCR. #P<0.01 compared with the model group.
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Figure 4. The effect on the proliferation and cell cycle of FLSs after IncRNA LOC100912373 overexpression and in-
terference. (A) The OD (570 nm) of each group at different reaction times. (B) Quantification of the cell cycle results.
#P<0.01 compared with the control group, **P<0.01 compared with the model group. (C) The phase of the cell
cycle was detected by flow cytometry. (a) Control group, (b) model group, (c) pcDNA3.1-LOC100912373 group, (d)
pcDNA3.1-NC group, (e) siRNA group, (f) siRNA-NC group.

cell inhibition rate was lower. When the reac- LOC100912373 overexpression on FLS prolif-
tion time was 48 hours and 72 hours, the trend eration was the lowest, while that of IncRNA
in the in the cell inhibition rate was basically LOC100912373 interference on FLSs was the
the same; that is, the inhibition rate of IncRNA highest. Therefore, after comprehensive con-
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Figure 5. Observation of the ultrastructure of FLSs by transmission electron microscopy after IncRNA LOC100912373
overexpression and siRNA interference (x12000). A: control group. B: model group. C: pcDNA3.1-LOC100912373
group. D: pcDNA3.1-NC group. E: siRNA group. F: siRNA-NC group. In the model group, = indicates nuclear mem-
brane, = indicates autophagy AP, ® indicates mitochondrial, = indicates rough endoplasmic reticulum, » indicates
heterochromatin, = indicates nucleus.

sideration, 48 h was chosen as the stimulation
time for the following experiments.

As shown in Figure 4B and 4C, compared with
the control group, the number of FLSs in GO/
G1 phase significantly decreased in the model
group, while the number of FLSs in G2/M phase
increased significantly. Compared with the mo-
del group, the number of FLSs in GO/G1 pha-
se in the pcDNA3.1-L0C100912373 group de-
creased significantly, while the number of FLSs
in G2/M phase increased significantly. In con-
trast, the number of FLSs in GO/G1 phase was
significantly increased and the number of FLSs
in G2/M phase was significantly decreased in
the siRNA group.

Identification of cell ultrastructure

Under transmission electron microscopy, the
FLSs of the control group were fusiform, the
nucleus was oval, the nucleolus was clear, the
rough endoplasmic reticulum in the cytoplasm
was rich, and there was a lack of Golgi complex
and a small number of vesicles (Figure 5A). In
the model, pcDNA3.1-NC, and siRNA-NC grou-
ps, FLSs were slightly edematous and glyco-
gen-rich; mitochondria were fewer in number,
slightly swollen and dilated; the membrane was
damaged, leading to cytoplasmic leakage. Au-
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tophagosomes were formed in the cell body,
the rough endoplasmic reticulum were signi-
ficantly expanded, the nucleus was irregular,
heterochromatin was increased and gathered
around the nuclear membrane, and the nuclear
membrane was indistinct. The outer membra-
ne of the cell was discontinuous and damag-
ed (Figure 5B, 5D and 5F). The above condition
of FLSs were significantly aggravated in the
pcDNA3.1-L0C100912373 group was signifi-
cantly aggravated (Figure 5C) and were signi-
ficantly improved in the siRNA group was sig-
nificantly improved (Figure 5E).

Effects of IncRNA LOC100912373 overexpres-
sion and interference on the expression of
miR-17-5p

As shown in the Figure 6, compared with that
in the control group, the expression level of
miR-17-5p in the model group was significantly
decreased. Compared with that in the model
group, there was no significant difference in
the pcDNA3.1-NC and siRNA-NC groups. The
expression level of miR-17-5p in the pcDNA-
3.1-L0C100912373 group was significantly de-
creased, while the expression level of miR-17-
5p in the siRNA group was significantly incre-
ased.

Am J Transl Res 2020;12(12):7709-7723
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Figure 6. Changes in miR-17-5p expression in FLSs
after IncRNA LOC100912373 overexpression and
siRNA interference. #P<0.01 compared with the
control group, **P<0.01 compared with the model
group.

Effects of IncRNA LOC100912373 overexpres-
sion and interference on PDK1

PDK1 has the function of regulating related
protein kinases and can affect cell metabo-
lism, growth, proliferation and other physiolo-
gical processes. As shown in Figure 7, com-
pared with the control group, the expression
of PDK1 mRNA and protein in the model gr-
oup was significantly increased. Compared wi-
th the model group, the expression of PDK1
mRNA and protein in the pcDNA3.1-LOC10091-
2373 group was significantly increased, while
the expression of PDK1 mRNA and protein in
the siRNA group was significantly decreased.
There was no significant difference between
the pcDNA3.1-NC group, and the siRNA-NC gr-
oup.

Effects of IncRNA LOC100912373 overexpres-
sion and interference on AKT

AKT, a downstream target gene of PDK1, has
functions in regulating glucose metabolism,
controlling protein synthesis and affecting cell
physiological processes. As shown in Figure 8,
compared with the control group, the mRNA
and protein expression of AKT in the model
group showed no significant change, and the
protein level of p-AKT/AKT increased signifi-
cantly in the model group. Compared with the
model group, the mMRNA expression of AKT in
the pcDNA3.1-LOC100912373 group was not
significantly different, and the protein level of
p-AKT/AKT increased significantly. In the siRNA
group, the mRNA expression of AKT was also
not significantly changed, and the protein level
of p-AKT/AKT was significantly decreased.
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LncRNA LOC100912373 can combine with
miR-17-5p and upregulate the expression of
PDK1

We analyzed the sequences of IncRNA LOC-
100912373, miR-17-5p and PDK1 and found
that IncRNA LOC100912373 has potential
miR-17-5p binding ability (Figure 9A), and PD-
K1 is a potential downstream target gene of
miR-17-5p (Figure 9C). To verify their binding
relationship, we carried out a luciferase report-
er assay. As shown in Figure 9B, compared wi-
th the miR-17-5p-NC group, the miR-17-5p mi-
mic group significantly inhibited the luciferase
activity of LOC100912373-WT but had no sig-
nificant effect on the luciferase activity of LOC-
100912373-Mut, indicating that IncRNA LOC-
100912373 directly targeted miR-17-5p. As sh-
own in Figure 9D, compared with the miR-17-
5p-NC group, the miR-17-5p mimic group sig-
nificantly inhibited the luciferase activity of
PDK1-WT, but had no significant effect on the
luciferase activity of PDK1-Mut, indicating that
PDK1 is a downstream target gene of miR-17-
5p and can bind to it.

For further confirmation, we performed an RIP
assay to determine IncRNA LOC100912373
and miR-17-5p enrichment in the immunopre-
cipitated complex. As shown in Figure 9E, the
expression of mRNA in the pcDNA3.1-LOC-
100912373 group was obviously higher than
that in the pcDNA3.1 and LOC100912373-Mut
groups, indicating that IncRNA LOC100912373
could enrich miR-17-5p in FLSs.

Discussion

There are many kinds of cells involved in the
pathological process of RA, of which FLSs are
the most common cell type at the vascular
membrane-cartilage junction [32]. FLSs con-
tain a large number of endoplasmic reticulum,
the main function of which is protein synthesis
[33]. In addition, FLSs can be continuously acti-
vated in both inflammatory and noninflamma-
tory environments and show tumor-like prolif-
eration [34]. LncRNAs regulate the homeosta-
sis and function of immune cells to a certain
extent and play important roles in immune dis-
eases. [35, 36]. Many studies have indicated
that there is a close relationship between Inc-
RNAs and the occurrence and development of
RA. Zhao et al. found that IncRNA LINCO1197
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Figure 7. Changes in PDK1 protein and mRNA expression in FLSs after IncRNA LOC100912373 overexpression and
interference. A: Changes in PDK1 protein expression were observed by immunofluorescence technique (x200). B:
Changes in PDK1 mRNA expression were observed by qRT-PCR. C: Changes in PDK1 protein expression were ob-
served by Western blot. D: Semiquantitative analysis of PDK1 protein. #P<0.01 compared with the control group,

"*P<0.01 compared with the model group.

promotes the expression of THBS2 through
sponging miR-150, resulting in the inactivation
of TLR4/NF-kB, thus reducing the pathogenes-
is of RA [37]. Xuan et al. also found that the
inhibition of INcRNA PICSAR could significantly
reduce the proliferation, migration, invasion
and pro-inflammatory cytokine production of
FLSs [38]. In this study, we confirmed that Inc-
RNA LOC100912373 could regulate the miR-
17-5p/PDK1 axis to accelerate the phosphory-
lation of AKT and induce the proliferation of
FLSs, thus promoting the pathogenesis of RA.

LncRNA LOC100912373, an intergenic sense
IncRNA, originates from 28480029-28505430
on chromosome 5 and consists of five exons
with a combined length of 853 bp. In this stu-
dy, we found that the expression of IncRNA
LOC100912373 in the synovium and FLSs of
RA model rats was significantly higher than th-
at of the control group. The overexpression of
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IncRNA LOC100912373 promoted the prolifer-
ation of FLSs, while interference with IncRNA
LOC100912373 could significantly inhibit the
proliferation of FLSs. Further, the ultrastructur-
al characteristics of FLSs in each group were
observed under a transmission electron micro-
scope. The cellular morphological characteris-
tics suggested that the expression of IncRNA
LOC100912373 does have an effect on FLSs.
The overexpression of INcRNA LOC100912373
caused obvious swelling in the cells and an
obvious expansion of the endoplasmic reticu-
lum compared with the model group; in con-
trast, interference with IncRNA LOC1009123-
73 alleviated the above situation.

However, IncRNA LOC100912373 is a new Inc-
RNA, and its specific mechanism in the occur-
rence and development of RA is unknown. Ac-
cording to the ceRNA theory, a number of stud-
ies have confirmed that it is feasible to study
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Figure 9. LncRNA LOC100912373 can combine with miR-17-5p and target PDK1. A: Schematic comparison be-
tween INncRNA LOC100912373 and the “seed sequence” in miR-17-5p. B: The binding relationship between IncRNA
LOC100912373 and miR-17-5p verified by dual luciferase reporter gene assay, *#P<0.01 compared with the NC
group. C: Schematic comparison between miR-17-5p and the “seed sequence” in PDK1. D: The binding relation-
ship between PDK1 and miR-17-5p verified by dual luciferase reporter gene assay, #*P<0.05 compared with the NC
group. E: The enrichment of IncRNA LOC100912373 and miR-17-5p verified by RIP assay. #P<0.01 compared with

the pcDNA3.1 group, *"P<0.01 compared with the pcDNA3.1-LOC100912373 group.
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Figure 10. LncRNA LOC100912373 targets miR-17-5p and upregulates PDK1/AKT to promote the proliferation of

FLSs, leading to the occurrence and development of RA.

IncRNAs through their target miRNAs and
MRNAs with known functions [39-41]. In a pre-
vious study, we found through miRNA screen-
ing that miR-152-5p, miR-20a-3p, miR-17-2-3p
and miR-17-5p were the key genes associated
with RA [16]. Through bioinformatics predic-
tion, it was found that there was a high de-
gree of binding between miR-17-5p and Inc-
RNA LOC100912373. Thereafter, through RNA
immunoprecipitation and luciferase reporter
assays, we found that IncRNA LOC100912373
and miR-17-5p were enriched by the AGO2 anti-
body. The luciferase activity of LOC1009123-
73-WT was lower than that of LOC100912373-
Mut, indicating that miR-17-5p is the down-
stream target of IncRNA LOC100912373 and
can be combined with it. MiR-17-5p belongs to
the miR-17-92 gene cluster, which is located
in the intron of miR-17HG (host gene of miR-
17-92 gene cluster) on human chromosome 13
and plays various roles in cell proliferation, au-
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tophagy and apoptosis [42, 43]. In this study,
we verified the expression of miR-17-5p by RT-
gPCR and found that the expression of miR-
17-5p was low in RA-FLSs, which was consis-
tent with the results of Akhtar et al. [44]. We
further found that the overexpression of Inc-
RNA LOC100912373 decreased the expressi-
on of miR-17-5p; in contrast, the expression of
miR-17-5p increased after interfering with Inc-
RNA LOC100912373.

PDK1 is one of the potential target genes of
miR-17-5p, as evidenced not only by bioinfor-
matics predictions, but also by the luciferase
reporter assay in this study. PDK1 is a serine/
threonine kinase in the AGC kinase family that
contains 556 amino acids [45]. PDK1 has been
shown to be closely related to the occurrence
and development of RA. Sun et al. found that
high expression of PDK1 accelerates the pro-
gression of RA [46]. Similar findings were ob-
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tained in another study, which found that the
inhibition of PDK1 can reduce the proliferation
of FLSs and achieve the goal of treating RA
[23]. AKT, also known as protein kinase B
(PKB), is a downstream target gene of PDK1
[47]. In the PDK1/AKT pathway, phosphatidy-
linositol 3-kinase is first activated to produce
PIP3 on the plasma membrane. Both PDK1
and AKT have a PH domain. Through the bind-
ing of its PH domain to PIP3, PDK1 can acce-
lerate the phosphorylation of serine 473 and
threonine 308 by AKT, thus activating the AKT
signaling pathway [48, 49]. The activation of
the AKT signaling pathway will promote the ac-
tivation of the inflammatory factor-related sig-
naling pathway, cause the release of proinflam-
matory factors such as TNF-a, IL-13 and IL-6,
and induce abnormal proliferation and the in-
flammatory response of FLSs, thus aggravat-
ing the occurrence and development of RA [50-
52]. In this study, we found that IncRNA LOC-
100912373 overexpression upregulate the ex-
pression of PDK1, promotes the phosphoryla-
tion of AKT, activates AKT and causes exces-
sive proliferation of FLSs. In contrast, under the
condition of IncRNA LOC100912373 interfer-
ence, the expression of PDK1 is inhibited, whi-
ch reduces the activity of AKT and inhibits the
proliferation of FLSs.

Conclusion

Based on the ceRNA theory, we studied the
targeting by IncRNA LOC100912373 of the
miR-17-5p/PDK1 axis and its effects on FLSs.
As shown in Figure 10, our study found th-
at IncRNA LOC100912373 competitively binds
with miR-17-5p, relieves its inhibition of PDK1,
accelerates the phosphorylation of AKT, and
causes the excessive proliferation of FLSs, whi-
ch induces the occurrence and development
of RA. This study deepens our understanding
of the pathogenesis of RA from the perspective
of IncRNAs and provides a new direction and
target for the clinical diagnosis and treatment
of RA.
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