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Abstract. Previous studies have confirmed that astragalo‑
side (AST) exerts a positive effect on alleviating synovial
and joint injury in rheumatoid arthritis (RA). However, the
precise mechanisms through which AST acts in the treatment
of RA remain unclear. Long non‑coding RNA (lncRNA)
LOC100912373 was identified as a key gene related to RA
and has been proven to interact with miR‑17‑5p, in order to
regulate the pyruvate dehydrogenase kinase 1 and protein
kinase B axis (PDK1/AKT axis). The present study aimed to
determine whether AST may treat RA through the interaction
between lncRNA LOC100912373 and the miR‑17‑5p/PDK1
axis. MTT assays and flow cytometry were used to detect
the proliferation and cell cycle progression of AST‑treated
fibroblast‑like synoviocytes (FLSs). The expression of lncRNA
LOC100912373 and miR‑17‑5p, as well as relative the mRNA
expression of the PDK1 and AKT genes following AST inter‑
vention was detected by reverse transcription‑quantitative
PCR (RT‑qPCR), immunofluorescence and western blot
analysis. The results revealed that AST inhibited FLS prolif‑
eration, reduced lncRNA LOC100912373 expression levels,
increased miR‑17‑5p expression levels, and decreased the
PDK1 and p‑AKT expression levels. Additionally, consecutive
rescue experiments revealed that AST counteracted the effects
of lncRNA LOC100912373 overexpression on FLS prolif‑
eration and cell cycle progression. On the whole, the present
study demonstrates that AST inhibits FLS proliferation by
regulating the expression of lncRNA LOC100912373 and the
miR‑17‑5p/PDK1 axis.
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Introduction
Rheumatoid arthritis (RA), a chronic multisystem disease
associated with autoimmunity, is typically characterized
by the excessive proliferation of synovial cells (1,2). The
global incidence of RA is approximately 0.5 to 1.0%, and
the incidence among the female population is significantly
higher than among the male population (3,4). Without timely
diagnosis and treatment, RA may further lead to joint damage
and disability, severely affecting health and the quality of life
of patients (5,6). Fibroblast‑like synoviocytes (FLSs) are the
stromal cells of the joint capsule and play important roles
in the development of RA (7). The abnormal activation and
proliferation of FLSs can cause damage to the joint synovium
and accelerate the disease progression of RA (8). According
to existing research, the pathogenesis of RA is related to a
number of factors; however, the specific etiology remains
unclear (9,10). At present, the most common clinical treat‑
ment for RA mainly includes the treatment of symptoms to
reduce pain experienced by patients; however, the effects of
these treatments are not ideal, and they often lead to certain
side‑effects. Therefore, the development of novel treatment
strategies for RA is of utmost importance.
Traditional Chinese medicine has been applied as a
means of RA treatment for thousands of years; some of these
medicines are still used frequently and have been proven
effective (11,12). Huang Qi (Astragalus membranaceous),
one of the most common traditional Chinese medicinal herbs,
bearing a long history of medicinal use, has been observed
to be therapeutically effective in the course of RA and its
related complications. For example, Liu et al (13) found that
the total flavonoids of Astragalus membranaceous reduced
adjuvant arthritis‑associated damage in rats by regulating
the OPG/RANKL/NF‑κ B pathway. Pu et al (14) proved that
Astragalus membranaceous polysaccharides exerted thera‑
peutic effects on inflammation and synovial cell apoptosis in
rats with adjuvant arthritis. Astragaloside (AST) is the main
active ingredient of Huang Qi, including Astragaloside I‑VIII.
AST has been shown to exert antioxidative, anti‑inflammatory,
and immune regulatory effects (15‑17). In a previous study by
the authors, it was found that AST alleviated RA‑associated
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pathological injury and regulated long non‑coding RNA
(lncRNA) abnormal expression (18).
An increasing number of studies have shown that lncRNAs,
which are >200 nucleotide (nt) in length and lack an open
reading frame, play important roles in a variety of biological
processes and participate in the pathogenesis of a number of
autoimmune diseases (19,20). As the authors have previously
demonstrated, lncRNAs with a differential expression in RA
can regulate microRNAs (miRNAs or miRs), as competitive
endogenous RNAs (ceRNAs) and can subsequently affect RA
occurrence and development (21). Moreover, as also previously
demonstrated by Bi et al (22), lncRNA PICSAR promoted the
proliferation, migration and invasion of FLSs by sponging
miRNA‑4701‑5p in RA. Therefore, with lncRNAs and
miRNAs as the starting point, research on novel therapeutic
targets of RA may prove helpful for identifying new clinical
diagnosis and treatment strategies.
In a previous study by the authors, it was demonstrated
that lncRNA LOC100912373 was critical for RA patho‑
genesis (23). In subsequent studies, was further validated
that lncRNA LOC100912373 upregulated the expression
of 3‑phosphoinositide‑dependent protein kinase‑1 (PDK1)
by sponging miR‑17‑5p, and thus enhancing FLS prolif‑
eration (24). In the present study, the effects of AST on FLS
proliferation and cell cycle progression, and on lncRNA
LOC100912373/miR‑17‑5p/PDK1 axis component expression
levels were investigated and the mechanisms through which
AST funcitons in the treatment of RA were elucidated.
Materials and methods
Materials and reagents. AST was purchased from
Zhibaicui Biotechnology Co., Ltd., and its purity was
>98.5%. Complete Freund's adjuvant was purchased from
Sigma‑Aldrich; Merck KGaA. DMEM was purchased
from Gibco; Thermo Fisher Scientific, Inc. Anti‑Vimentin
antibody (cat. no. ab92547) was purchased from Abcam.
PI staining solution was purchased from Beijing Solarbio
Science & Technology Co. An MTT assay kit was
purchased from Shanghai, BestBio. EZ‑10 Total RNA
Mini‑Preps kit reagent was purchased from Sangon Biotech
Co., Ltd. A reverse transcription kit was obtained from
ABclonal Biotech Co., Ltd. Antibodies against PDK1 (cat.
no. ab110025), AKT (cat. no. ab18785) and phosphorylated
(p‑)AKT (cat. no. ab38449) were purchased from Abcam.
Secondary antibodies (anti‑mouse or anti‑rabbit; cat.
nos. ZB‑2301 and ZB‑2305) were purchased from Beijing
ZSGB‑BIO. Cy3‑labeled goat anti‑rabbit antibody (cat.
no. A0516) was purchased from Beyotime Institute of
Biotechnology. The pcDNA3.1 plasmid was synthesized
by Shanghai GenePharma Co., Ltd. Lipofectamine® 2000
Transfection Reagent was purchased from Invitrogen;
Thermo Fisher Scientific, Inc.
Animals. In the present study, male Sprague‑Dawley SPF
grade rats (6‑8 weeks old, weighing 200±20 g) were purchased
from the Experimental Animal Center of Anhui Province. All
rats were raised in the animal facility of the First Affiliated
Hospital of Anhui University of Chinese Medicine with an
indoor temperature of 18‑22˚C and a humidity of 40‑60%,

under 12‑h alternate dark/light cycle. Regular rat feed and tap
water were provided ad libitum. The experimental design was
approved by the Animal Ethics Committee of Anhui University
of Chinese Medicine (AHUCM‑rats‑004). Following one
week of adaptive feeding, a model of adjuvant arthritis (AA)
was established by a single injection of Freund's adjuvant
into the left hind foot of the rats, as previously described by
Jiang et al (25).
Cell culture and identification. Following 20 days of AA
modeling (25), the rats were anesthetized by an intraperitoneal
injection of 1.0% pentobarbital sodium (60 mg/kg body weight)
and sacrificed by cervical dislocation after blood sampling
from the abdominal aorta. A quantity of 8‑10 ml blood volume
was collected, and the synovial tissue of the knee joint was then
separated, as previously described (26). The animal remains
were subsequently sent to the Anhui Experimental Animal
Carcass Management Organization for unified processing. The
FLSs were cultured in complete DMEM containing 20% fetal
bovine serum at 37˚C and 5% CO2 through tissue mass culture
method (27). At different time points, the FLSs were evalu‑
ated under an inverted phase contrast microscope (Olympus
Corporation), and passaged synoviocytes were identified by
vimentin immunofluorescence staining. The standard method
of immunofluorescence staining was then applied as described
below.
MTT assay. The cells were digested with trypsin and seeded
in a 96‑well plate (5,000 cells per well). AST was diluted in
culture medium to a desired concentration (7.8125, 15.625,
31.25, 62.5, 125, 250 and 500 mg/l), added to the cells and
then incubated for 24, 48 and 72 h at 37˚C. Subsequently, 10 µl
MTT were added 4 h before the end of culture. Following
4 h of continuous culture, 100 µl formazan solution were
added to each well, and the plates were oscillated at a low
speed for 10 min, in order to fully dissolve the crystals. The
96‑well plates were removed when all the purple crystals were
dissolved. The optical density was measured using a micro‑
plate reader (Multiskan™ GO; Thermo Fisher Scientific, Inc.)
at 570 nm (28).
The IC50 values were also calculated according to the
following formula: lgIC50 =Xm‑I [P‑(3‑Pm‑Pn)/4], where Xm
represents the lg maximum dose; I represents the lg (maximum
dose/relative dose); P represents the sum of the positive reaction
rate; Pm represents the maximum positive reaction rate; and
Pn represents the minimum positive reaction rate. Inhibition
rate=(1‑OD experimental group/OD control group) x100.
Cell cycle assay. The cells were cultured with AST
(50 mg/ml), and were then collected at the point when a density
of 1x106 cells/ml was reached. Subsequently, 100 µg/ml PI
staining solution (100 ml) were added, followed by a 30‑min
incubation in the dark. The percentage of synovial cells in
each stage was detected by flow cytometry (Beckman Coulter,
Inc.), in order to observe the effect of AST on FLS cell cycle
progression.
Cell ultrastructure. Cells treated with AST were collected,
fixed with 2.5% glutaraldehyde and 1% ozone acid, dehydrated
with acetone and infused with an epoxy resin embedding
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agent. Finally, the samples were sectioned and stained, and the
ultrastructure of the cells was observed through transmission
electron microscopy (Hitachi, Ltd.).
Reverse transcription‑quantitative PCR (RT‑qPCR). Total
RNA was extracted from the FLSs using an EZ‑10 Total RNA
Mini‑Preps kit, and RNA was then reverse transcribed into
cDNA with the use of a reverse transcription kit. PCR anal‑
yses were performed with TB Green™ Premix Ex Taq™ II
(Takara Bio, Inc.). The reaction conditions were as follows:
Pre‑denaturation at 95˚C for 30 sec, 40 cycles at 95˚C for 5 sec
and 60˚C for 1 min. β‑actin was used as the endogenous control.
All the results were calculated using the 2‑ΔΔCq method (29)
and all primers were synthesized by Shanghai Sangon Biotech
Technology Service Co., Ltd. Primer sequences are listed
in Table SI.
Western blot analysis. The cells were washed with
cold PBS three times and lysed with 100 µl lysis buffer.
The lysates were then separated by sodium dodecyl
sulfate‑polyacrylamide gel electrophoresis (SDS‑PAGE;
concentrated gel, 5%; separating gel, 10%) and then trans‑
ferred to a polyvinylidene fluoride (PVDF) membrane. The
PVDF membrane was washed with 1X TBST for 2 min,
blocked with 5% skim milk at room temperature for 2 h,
and incubated with a primary anti‑PDK1 antibody (1:500),
an anti‑AKT antibody (1:1,000) and an anti‑p‑AKT anti‑
body (1:1,000) overnight at 4˚C. The cells were then washed
three times with TBST and incubated with a secondary
HRP‑conjugated anti‑rabbit antibody HRP (1:10,000)
for 2 h at room temperature. All blotting experiments
were performed three times. The proteins were detected
with an enhanced chemiluminescence kit (Super Signal
WestFemto kit; 34094; Thermo Fisher Scientific, Inc.). The
western blot analysis data were quantified using ImageJ
software (version 1.52; National Institutes of Health).
Immunofluorescence. Cells were fixed in 4% paraformalde‑
hyde for 30 min. A total of 50‑100 µl 0.25% Triton X‑100
was added and the sections were incubated for 10 min at
room temperature. The sections were washed with PBS three
times, primary antibodies were added, and the sections were
immunostained overnight in a wet chamber at 4˚C (antibody
dilutions: PDK1, 1:200; p‑AKT, 1:200). All sections were
then stained with the corresponding secondary antibody [goat
anti‑rabbit IgG H&L (FITC); dilution, 1:1,000; cat. no. ab6717,
Abcam] and incubated at room temperature for 50 min. In the
end, nuclei were stained with DAPI at room temperature for
5 min. Immunofluorescence was observed under a fluorescence
microscope (Nikon Corporation).
Rescue experiment. To further confirm whether AST interferes
with FLS proliferation and cell cycle progression by regulating
lncRNA LOC100912373 expression, a rescue experiment was
conducted. Full‑length lncRNA LOC100912373 was cloned
into the pcDNA3.1 plasmid to construct an overexpression
plasmid; this construct was labeled lncRNA LOC100912373
overexpression (Over). In addition, the empty pcDNA3.1
vector was labeled as the negative control (NC). The cells
were seeded in a 6‑well plate in advance, in order to ensure
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that cell confluence was 60 to 80% per well at the time of
transfection. The lncRNA LOC100912373 overexpression
and NC plasmids were transfected into the FLSs using
Lipofectamine® 2000. Specific transfection operation and
screening of the optimum overexpression concentration
of lncRNA LOC100912373 (2.5 µg/5 µl) were performed
according to a published method by the authors (24), and
the FLSs were treated with AST (50 mg/ml) simultaneously.
At 48 h after transfection, the cells were collected and cell
proliferation and cell cycle progression was detected by MTT
assay and flow cytometry.
Statistical analysis. All data were analyzed using SPSS
17.0 software (SPSS, Inc.), and results are expressed as the
mean ± SD (standard deviation). One‑way analysis of variance
(ANOVA) was used for comparisons among multiple groups
and Tukey's multiple comparisons test was used to define
differences between groups. P<0.05 was considered to indicate
a statistically significant difference.
Results
Identification of FLSs. The morphology of the FLSs was
observed under a microscope. Following three days of culture,
the primary synovial cells were gradually separated from the
edge of the synovial tissue (Fig. 1A). After the primary syno‑
vial cells were cultured for 14 days, the synovial tissue mainly
disappeared, a large number of synovial cells were dissoci‑
ated, and the cells were oval and spindle‑shaped (Fig. 1B).
After undergoing three passages, the synovial cells were
uniform and spindle‑shaped. Those cells were then used in the
follow‑up experiment (Fig. 1C). Under a fluorescence micro‑
scope, the CY3‑labeled cytoplasm appeared red in colour, and
the DAPI‑labeled nucleus, in blue. As depicted in Fig. 1D‑F,
all cells were fusiform and homogeneous in shape, which was
consistent with standard FLS cell morphology (30).
Effects of AST on FLS proliferation, cell cycle progression and
cell ultrastructure. As shown in Fig. 2A, the FLS inhibition rate
increased further with the increasing AST concentration. On
the other hand, in comparison with the inhibition rate at 24 h,
the 48‑ and 72‑h inhibition rates were significantly increased
in response to the various AST concentrations. However, there
was no significant difference between the increase rate at 48
and 72 h. Therefore, the 48‑h incubation time was selected for
use in follow‑up experiments. According to the calculations,
the IC50 value of AST at 48 h was 48.59 mg/l; thus, 50 mg/l
was selected as the drug concentration for stimulation in the
follow‑up experiments (Fig. 2B).
As shown in Fig. 2C and D, the model group exhibited
significantly decreased numbers of FLSs in the G0/G1 phase,
whereas it exhibited significantly increased numbers of FLSs
in the G2/M phase, in comparison with the control group.
In addition, the AST group exhibited significantly increased
numbers of FLSs in the G0/G1 phase, whereas it exhibited
significantly decreased numbers of FLSs in the G2/M phase,
in comparison with the control group.
Under a transmission electron microscope, the FLSs were
evidently fusiform. In the control group, the cell membranes
were intact, the nuclei were oval and clearly visible, and a
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Figure 1. Observation of synovial cell morphology by optical microscopy and fluorescence microscopy (A‑C) magnification, x40; (D‑F) magnification, x100.
(A) Primary culture for three days. (B) Primary culture for 14 days. (C) FLS subculture (three times). (D) Cytoplasmic staining. (E) Nuclear staining.
(F) Merged image. FLS, fibroblast‑like synoviocyte.

large number of endoplasmic reticulum and mitochondria
could be seen in the cytoplasm (Fig. 2E). The model group
cell morphology was apparently aberrant compared with
that of the control group, and the model group mainly
included FLSs that were swollen and had damaged, dilated
and incomplete cell membranes. Moreover, the cell nuclear
shape was irregular, the nuclear membrane was blurred
and the nucleolus could not be clearly distinguished in the
model group. Additionally, the endoplasmic reticulum in
the cytoplasm was significantly expanded and the number
of mitochondria was significantly decreased in the model
group, when compared with the control group (Fig. 2F).
These changes suggested that the model group FLSs were
in an activated state. Following AST treatment, there was
an improvement in the above‑mentioned pathological
phenomena in FLSs (Fig. 2G).
Effects of AST on FLS lncRNA LOC100912373 and miR‑17‑5p
expression. As shown in Fig. 3A, the lncRNA LOC100912373
expression levels in the model group were significantly higher
in contrast to the control group expression levels. However, the
AST group lncRNA LOC100912373 expression levels were
significantly lower. As presented in Fig. 3B, compared with
the control group, the model group exhibited a significantly
decreased miR‑17‑5p expression. The miR‑17‑5p expres‑
sion levels were significantly increased in the AST group, in
comparison to the model group expression levels.
Effect of AST on FLS PDK1 and AKT expression. PDK1
controls cell growth, differentiation, survival, protein trans‑
lation and glucose metabolism by activating related protein
kinases (31,32). As shown in the Fig. 4A, PDK1 was mainly
expressed in the cytoplasm, and PDK1 mRNA and protein
expression levels were significantly increased in the model
group. Following AST treatment, PDK1 mRNA and protein
expression was significantly decreased (Fig. 4B‑D).
AKT, a protein kinase that regulates cell survival and
apoptosis, is phosphorylated by PDK1 (33,34). As shown in

Fig. 4E, p‑AKT was also mainly expressed in the cytoplasm,
and there were no significant differences in the mRNA
and protein expression of AKT among the three groups.
However, when compared with the control group, the model
group exhibited a significantly increased mRNA and protein
expression of p‑AKT. Conversely, following AST treatment,
p‑AKT mRNA and protein expression was significantly
decreased (Fig. 4F‑H).
AST reverses the effects of lncRNA LOC100912373 overex‑
pression on FLSs. To determine whether the effect of AST
on FLSs was achieved by regulating lncRNA LOC100912373
expression, a rescue experiment was performed. As depicted
in Fig. 5A, following transfection with overexpression
plasmid, the expression levels of lncRNA LOC100912373
were significantly increased according to the corresponding
RT‑qPCR results, indicating that the plasmid was successfully
transfected into the FLSs. As shown in Fig. 5B, the rate of
FLS inhibition was significantly decreased following lncRNA
LOC100912373 overexpression, in contrast to impact upon the
model group FLS inhibition rate. Of note, after AST treatment
was applied to the lncRNA LOC100912373 overexpression
group, the rate of FLS inhibition was significantly reversed,
to some extent.
As shown in Fig. 5C and D, the cell cycle progression
results were also consistent with the aforementioned results.
The number of FLSs in the G0/G1 phase significantly
decreased and the number of FLSs in the G2/M phase signifi‑
cantly increased following the overexpression of lncRNA
LOC100912373, while AST intervention restored the effects
of lncRNA LOC100912373 overexpression on the FLS cell
cycle.
Discussion
Currently, RA treatments mainly focus on mitigating symp‑
toms and preventing complications rather than reversing or
curing RA. The pathogenesis of RA is extremely complex
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Figure 2. Effect of AST intervention on FLS proliferation, cell cycle progression and cell ultrastructure. (A) Inhibition rate in the groups treated with various
concentrations of AST under different reaction times. #P<0.05 and ##P<0.01, compared with the 72‑h intervention; *P<0.05 and **P<0.01, compared with the
48‑h intervention. (B) IC50 value calculated by MTT assay. (C) Cell cycle phase was detected by flow cytometry. (a) Control group; (b) model group; (c) AST
group. (D) Quantification of the cell cycle results. ##P<0.01, compared with the control group; **P<0.01, compared with the model group. (E) Control group
(magnification, x12,000). (F) Model group (magnification, x12,000). (G) AST group (magnification, x12,000). a, nucleus; b, nuclear membrane; c, mitochondria;
d, endoplasmic reticulum; ALS, astragaloside; FLS, fibroblast‑like synoviocyte.

Figure 3. Effect of AST on lncRNA LOC100912373 and miR‑17‑5p expression. (A) Changes in lncRNA LOC100912373 expression in FLS following AST
intervention. (B) Changes in miR‑17‑5p expression in FLSs following AST intervention. ##P<0.01, compared with the control group; **P<0.01, compared with
the model group. ALS, astragaloside; FLS, fibroblast‑like synoviocyte.

and involves environmental, immune, genetic and other
factors (35,36), thus rendering the achievement of RA
targeted treatment development a difficult research target.
Currently, increasing attention has been paid to the role of
natural herbal extracts with a probable therapeutic effect on
the treatment of several diseases, including RA (37,38). For

example, Astragalus membranaceus, Tripterygium wilfordii
and Radix Paeoniae Alba have been proven to have certain
therapeutic effects on RA (39‑41). The therapeutic effect of
traditional Chinese herbs on diseases mainly depends on a
variety of active components. For example, AST and other
ingredients are components of Astragalus membranaceus.
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Figure 4. PDK1 and AKT protein and mRNA expression changes in FLSs following AST intervention. (A) PDK1 protein expression changes were observed
through immunofluorescence technique (magnification, x200). (a) Control group; (b) model group; (c) AST group. (B) p‑AKT protein expression changes
were detected through immunofluorescence technique (magnification, x200). (a) Control group; (b) model group; (c) AST group. (C) PDK1 mRNA expression
changes were detected through RT‑qPCR. (D) Semi‑quantitative analysis of PDK1 protein. ##P<0.01, compared with the control group; **P<0.01, compared
with the model group. (E) PDK1, AKT and p‑AKT protein expression changes were detected by western blot analysis. (F) AKT mRNA expression changes
were detected by RT‑qPCR. (G) Semi‑quantitative analysis of p‑AKT/AKT protein. ##P<0.01, compared with the control group; **P<0.01, compared with the
model group. ALS, astragaloside; FLS, fibroblast‑like synoviocyte.

Some studies have proven that AST may exert beneficial thera‑
peutic effects on a variety of diseases, through the modulation
of immune function and the inhibition of inflammatory factor
production (42,43). In a previously published study by the
authors, it was elucidated that AST may exert a regulatory effect
on differentially expressed lncRNAs during the development
of RA (18). In the present study, the above‑mentioned results
were further validated, and it was attested that AST regulated
the expression of lncRNA LOC100912373, miR‑17‑5p and
PDK1 in the FLSs of rats with AA.
Being a type of RNA that has been linked to cell biological
activities, lncRNAs are indispensable cell function regula‑
tors. In addition to directly regulating cell function, lncRNAs
can also act as a ceRNAs, that regulate miRNA and mRNA
downstream expression, thus affecting RA disease occur‑
rence and development (44). Zhao et al (45) confirmed that
lncRNASMAD5‑AS1, a ceRNA, inhibits the proliferation
of diffuse large B cell lymphoma via the Wnt/β ‑catenin

pathway by sponging miR‑135b‑5p to increase the expression
of APC. Similarly, lncRNAs are also inextricably linked to
RA. In contemporary RA research, lncRNAs have received
extensive attention as diagnostic biomarkers and as potential
therapeutic targets for RA (46,47). Some studies have proven
that lncRNA expression is related to the risk and activity of
RA. In addition, lncRNAs can participate in the regulation
of relevant signaling pathways in order to affect FLS prolif‑
eration (48,49). In a previously published study, it was verified
that lncRNA LOC100912373 is a differentially expressed
gene that is crucial for the occurrence and development of
RA; in addition, lncRNA LOC100912373 can induce FLS
proliferation by competing with miR‑17‑5p, so as to promote
PDK1/AKT signaling pathway activation, thereby promoting
RA progression (24). Notably, in the present study, it was
revealed that AST reduced lncRNA LOC10091237 expression
and increased miR‑17‑5p levels, in order to affect PDK1 axis
activation in the FLSs of rats with AA.
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Figure 5. Effect of AST on FLS proliferation and cell cycle with lncRNA LOC100912373 overexpression. (A) lncRNA LOC100912373 expression levels
following transfection with overexpression plasmid was detected by RT‑qPCR. ##P<0.01, compared with the model group. (B) FLS inhibition rate between
groups, under a 48‑h intervention time. ##P<0.01, compared with the model group; **P<0.01, compared with the lncRNA LOC100912373 overexpression group.
(C) Cell cycle phase was detected by flow cytometry. (a) Control group; (b) model group; (c) lncRNA LOC100912373 overexpression group; (d) AST group;
(e) lncRNA LOC100912373 overexpression and AST intervention group; (f) NC group. (D) Cell cycle quantification. #P<0.05, compared with the control group;
##
P<0.01, compared with the control group; *P<0.05, compared with the control group; **P<0.01, compared with the model group; ΔΔ P<0.01, compared with the
lncRNA LOC100912373 overexpression group. ALS, astragaloside; FLS, fibroblast‑like synoviocyte.

PDK1 is a serine/threonine kinase, which belongs to the
AGC kinase family. AKT, also known as protein kinase B
(PKB), is the downstream target gene of PDK1. Some studies
have demonstrated that the PDK1/AKT signaling pathway is
involved in the occurrence and development of RA, through
the regulation of several cell biological processes, such as cell
proliferation, cell cycle progression and differentiation (50,51).
More specifically, as an important protein of the PI3K/AKT
signaling pathway, PDK1 can bind to the product of activated
PI3K, PIP3. Afterwards, PDK1/PIP3 complex transfers to the

cell membrane, in order to phosphorylate AKT and activate
AKT signaling pathway (52). AKT signaling pathway activa‑
tion can accelerate the release of pro‑inflammatory factors
and thus may lead to abnormal cell biological processes, such
as excessive cell proliferation, decrease in cell proliferation
and increase in cell necrosis (53,54). In general, it is known
that excessive FLS proliferation is an important principal
pathological feature of RA. Because cell proliferation is
controlled through the regulation of the cell cycle, abnormal
cell cycle progression must occur during the development of
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Figure 6. Therapeutic effect of AST on RA is achieved through the inhibition of lncRNA LOC100912373 expression, the increased release of miR‑17‑5p binding
to PDK1, the prevention of PDK1/AKT signaling pathway activation and FLS proliferation reduction. ALS, astragaloside; FLS, fibroblast‑like synoviocyte.

RA. In a previously published research by Fu et al (55), PDK1
promoted proliferation and inhibited apoptosis in human
spermatogonial stem cells via the PDK1/KDR/ZNF367,
ERK1/2 and AKT pathway. In the present study, it was
demonstrated that AST can suppress excessive proliferation
and restore the normal cell cycle progression of the FLSs in
AA rats. In addition, PDK1 and p‑AKT mRNA and protein
expression levels were significantly decreased in FLSs
following AST treatment. Moreover, in order to further vali‑
date the above‑mentioned results, a rescue assay was carried.
Thus, it was confirmed that the excessive proliferation and
the establishment of abnormal cell cycle progression caused
by lncRNA LOC100912373 overexpression in FLSs could be
reversed by AST treatment (Fig. 6).
In conclusion, the results of the present study revealed that
AST suppressed the excessive proliferation of FLSs in rats
with AA, through the inhibition of lncRNA LOC100912373
expression. miR‑17‑5p binds to PDK1, and thereby prevents
PDK1/AKT signaling pathway activation. Therefore, AST may
serve as a potential therapeutic for RA, and the results of the
present study may provide novel insight into future research
for the use of traditional Chinese medicines for the prevention
and treatment of RA.
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