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Abstract. Peritoneal fibrosis is a serious complication that 
can occur during peritoneal dialysis (PD), which is primarily 
caused by damage to peritoneal mesothelial cells (PMCs). The 
onset of peritoneal fibrosis is delayed or inhibited by promoting 
PMC survival and inhibiting PMC epithelial‑to‑mesenchymal 
transition (EMT). In the present study, the effect of astraga-
loside  IV and the role of the nuclear receptor retinoid X 
receptor‑α (RXRα) in PMCs in high glucose‑based PD fluids 
was investigated. Human PMC HMrSV5 cells were transfected 
with RXRα short hairpin RNA (shRNA), or an empty vector, 
and then treated with PD fluids and astragaloside IV. Cell 
viability, apoptosis and EMT were examined using the Cell 
Counting Kit‑8 assay and flow cytometry, and by determining 
the levels of caspase‑3, E‑cadherin and α‑smooth muscle 
actin (α‑SMA) via western blot analysis. Cell viability and 
apoptosis were increased, as were the levels of E‑cadherin in 
HMrSV5 cells following treatment with PD fluid. The protein 
levels of α‑SMA and caspase‑3 were increased by treatment 
with PD fluid. Exposure to astragaloside IV inhibited these 
changes; however, astragaloside  IV did not change cell 
viability, apoptosis, E‑cadherin or α‑SMA levels in HMrSV5 
cells under normal conditions. Transfection of HMrSV5 
cells with RXRα shRNA resulted in decreased viability and 
E‑cadherin expression, and increased apoptosis and α‑SMA 
levels, in HMrSV5 cells treated with PD fluids and co‑treated 
with astragaloside  IV or vehicle. These results suggested 
that astragaloside IV increased cell viability, and inhibited 

apoptosis and EMT in PMCs in PD fluids, but did not affect 
these properties of PMCs under normal condition. Thus, the 
present study suggested that RXRα is involved in maintaining 
viability, inhibiting apoptosis and reducing EMT of PMCs in 
PD fluid.

Introduction

Peritoneal dialysis (PD) is an effective alternative treatment 
for end‑stage renal disease (1‑4). Peritoneal fibrosis is a serious 
complication during PD treatment that affects the survival and 
prognosis of patients undergoing PD. Peritoneal fibrosis is 
also one of the primary factors leading to withdrawal from 
treatment (5‑7). The components and some bioincompatible 
properties of peritoneal dialysates, such as low pH, lactate buffer, 
high sugar, low calcium, plasticizer and glucose degradation 
products, cause loss of peritoneal mesothelial cells (PMCs), 
subcutaneous dense zone thickening, interstitial fibrosis, 
inflammation and neovascularization (8‑12). Damage to PMCs 
is a key initiating factor that leads to peritoneal fibrosis (13‑15). 
After PMCs are damaged, extracellular matrix (ECM) compo-
nents, including collagen, fibronectin, laminin, proteoglycan 
and various fibrogenic factors, such as transforming growth 
factor (TGF)‑β1, fibroblast growth factor, connective tissue 
growth factor, platelet derived growth factor, toll‑like receptors 
(TLRs), angiotensin II receptor and receptor tyrosine kinases, 
are highly expressed or secreted, which interferes with the 
normal metabolism of the ECM and promoting its overde-
position, ultimately leading to peritoneal fibrosis (10,16‑23). 
Peritoneal fibrosis can be delayed or inhibited by promoting 
PMC survival and inhibiting PMC epithelial‑to‑mesenchymal 
transition (EMT) (14,16‑19,21,22,24).

Previous studies have shown that Astragalus membranaceus 
inhibits peritoneal fibrosis in PD through monocyte chemoat-
tractant protein‑1 and the TGF‑β1 pathway  (25), and 
ameliorates renal interstitial fibrosis by inhibiting EMT, 
inflammation, TLR4/NF‑κB and cyrillic B (25-27). Astragalus 
inhibits PMC EMT by downregulating β‑catenin  (28). 
Astragaloside  IV is a key compound extracted from 
Astragalus membranaceus (27,29,30). It has been shown that 
astragaloside IV inhibits TGF‑β1‑induced PMC EMT through 
the upregulation of Smad7 in the TGF‑β1/Smad signaling 
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pathway (31). However, the effect of astragaloside IV on viability 
and apoptosis of PMCs remains unclear.

Retinoid X receptor‑α (RXRα) is a ligand‑dependent nuclear 
receptor expressed in various tissues and cells (32‑34). RXRα 
can form heterodimers with other nuclear receptors, including 
peroxisome proliferator activated receptor (PPAR), vitamin D 
receptor (VDR) and thyroid hormone receptors, resulting in the 
involvement of RXRα in multiple signaling pathways (35‑40). 
Previous studies have shown that vitamin D/VDR can inhibit 
peritoneal fibrosis and functional deterioration induced by 
chlorhexidine gluconate by inhibiting PMC EMT (41‑43). 
Telmisartan inhibits peritoneal fibrosis through PPAR‑γ 
activation  (44). The PPAR‑β/δ agonist GW501516 inhibits 
peritoneal inflammation in peritoneal fibrosis by inhibiting the 
TGF‑β‑activated kinase 1/NF‑κB pathway (45). The PPAR‑γ 
agonists rosiglitazone and pioglitazone protect rat PMCs 
against PD solution‑induced damage (46,47). These previous 
studies indicated that the RXR signaling pathway is involved 
in regulating PMC EMT and peritoneal fibrosis. However, the 
role of RXRα in PMC activity, apoptosis and EMT in perito-
neal fibrosis remains unclear.

In the present study, the human PMC HMrSV5 cell line 
and high glucose‑based PD fluids were used as a model (31) to 
study the effects of astragaloside IV on PMC viability, apop-
tosis and EMT during PD. The role of RXRα in PMC viability, 
apoptosis and EMT during PD was also investigated. The find-
ings of the present study may provide important information 
for the prevention and treatment of PD‑induced fibrosis.

Materials and methods

Construction of RXRα short hairpin RNA (shRNA) plasmid. 
The synthetic DNA fragment targeting RXRα (GGA​TCC​
CGC​ACT​ATG​GAG​TGT​ACA​GCT​CAA​GAG​AGA​GCT​GTA​
CAC​TCC​AGT​GCT​TTT​TTCC​AAA​AGC​TT, synthesized by 
Western Biomedical Technology, Ltd.) and the vector SD1211 
(Biovector Science Lab, Inc.) were modified with BamHI 
and HindIII (Takara Bio, Inc.) at 37˚C for 30 min. After gel 
purification, the digested DNA fragment and the vector were 
ligated using T4 DNA ligase (Takara, Bio, Inc.) and then 
transfected into DH5α competent cells (Tiangen Biotech Co., 
Ltd.) for plasmid amplification. After selection and screening, 
plasmids were sequenced to confirm successful construction 
of the shRNA plasmid.

Cell culture and grouping. The human PMC cell line HMrSV5 
was obtained from the Type Culture Collection of the Cell Bank 
of Chinese Academy of Sciences. This cell line was established 
by Professor Pierre Ronco, Hospital Tenon (Paris, France) (48) 
and had been used in a number of previous studies (49‑52). 
HMrSV5 cells were cultured in DMEM containing 10% 
FBS (Gibco; Thermo Fisher Scientific, Inc.) and 1% peni-
cillin‑streptomycin in an incubator at 37˚C supplemented with 
5% CO2 and a saturated humidity. To investigate the effects of 
astragaloside IV (Yuanye Bio‑Technology Co., Ltd.) on PMCs 
in high glucose‑based PD fluids, HMrSV5 cells were divided 
into four groups: i) Normal + vehicle control group, cells were 
cultured in regular media and treated with DMSO; ii) PD 
model + vehicle group, cells were cultured in PD fluids and 
treated with DMSO; iii) normal + astragaloside IV group, cells 

were cultured in regular media and treated with astragalo-
side IV; and iv) PD model regular astragaloside IV group, cells 
were cultured in PD fluids and treated with astragaloside IV. 
To investigate the role of RXRα in maintaining PMCs in PD 
fluids, HMrSV5 cells were divided into four groups: i) Blank 
+ vehicle control group, cells were transfected with the 
SD1211 empty plasmid, cultured in PD fluids and treated with 
DMSO; ii) RXRα shRNA plasmid + vehicle group, cells were 
transfected with the RXRα shRNA plasmid, cultured in PD 
fluids and treated with DMSO; iii) blank + astragaloside IV 
group, cells were transfected with the SD1211 empty plasmid, 
cultured in PD fluids and treated with astragaloside IV; and 
iv) RXRα shRNA + astragaloside IV group, cells were trans-
fected with the SD1211 RXRα shRNA plasmid, cultured in PD 
fluids and treated with astragaloside IV. Cells in each group 
were first transfected with the appropriate plasmid, for 6 h 
and then cultured in fresh media for 24 h. These cells were 
then cultured in PD fluids and astragaloside IV or DMSO 
was added. The PD fluids used for cell culture were made 
from original PD fluids with the addition of 10% FBS. The 
original PD fluids (Lactate‑G4.25%; cat. no. 6AB9896) were 
purchased from Guangzhou Baxter Medical Products Co., 
Ltd. Its components include 4.25 g glucose, 538 mg sodium 
chloride, 26 mg calcium chloride, 5.1 mg magnesium chloride 
and 448 mg sodium lactate/100 ml. The final concentration 
of astragaloside IV in the normal media or PD fluids was 
40 µg/ml. Astragaloside IV was dissolved in DMSO to make 
a 40 mg/ml stock solution. The same volume of DMSO and 
astragaloside IV stock solution was used to treat cells. All cells 
were cultured and treated with pertinent chemicals at 37˚C.

Cell Counting Kit‑8 (CCK‑8) assay. The CCK‑8 assay was 
used to determine the viability of HMrSV5 cells. To investi-
gate the effects of astragaloside IV on the viability of PMCs 
in PD fluids, HMrSV5 cells in the log phase growth from 
each group were seeded in triplicate into 96‑well plates at a 
density 1x105 cells/cm2 and cultured overnight. Cells were 
treated with astragaloside IV, PD and their respective controls 
for 24, 48 or 72 h. To investigate the role of RXRα in main-
taining the viability of PMCs in PD fluids, HMrSV5 cells 
from each group were seeded in triplicate into 96‑well plates 
at a density 1x105 cells/cm2 and cultured overnight. Following 
overnight culture, cells were transfected with SD1211 empty 
vector (0.4 µg/cm2) or RXRα shRNA plasmid (0.4 µg/cm2) 
for 6 h and then cultured in fresh media for 24 h. These cells 
were then treated with astragaloside IV, PD and DMSO for 
24, 48 or 72 h. Cell viability was determined using a CCK‑8 
kit (Sigma‑Aldrich; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's instructions. The absorbance (A) 
at 450 nm was measured using a microplate reader (Thermo 
Fisher Scientific, Inc.). A 96‑well plate with medium and CCK 
reagent was used as a blank control. Cell viability (%)=[A 
(experiment)‑A (blank plate)]/A (normal + vehicle control 
group) x100; or cell viability (%)=[A (experiment)‑A (blank 
plate)]/A (blank + vehicle control group) x100.

Flow cytometry. Flow cytometry was used to examine the 
level of apoptosis in HMrSV5 cells. To investigate the effects 
of astragaloside IV on the level of apoptosis of PMCs in PD 
fluids, HMrSV5 cells were seeded into 6‑well plates at a 
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density 1x105 cells/cm2, cultured overnight and treated with 
astragaloside IV, PD and their respective controls for 48 h. 
To investigate the role of RXRα in apoptosis of PMCs in 
PD fluids, HMrSV5 cells were seeded into 6‑well plates at 
a density 1x105 cells/cm2. Following overnight culture, cells 
were transfected with SD1211 empty vector (0.4 µg/cm2) or 
RXRα shRNA plasmid (0.4 µg/cm2) for 6 h and then cultured 
in fresh media for 24 h. These cells were then treated with PD 
and astragaloside IV or DMSO for 48 h. Cells were collected 
and the rate of apoptosis was determined using a EPICS XL 
flow cytometer (Beckman Coulter, USA) and Annexin V‑PE 
Apoptosis Detection Kit I (BD Biosciences, 559763) according 
to the manufacturer's instructions. Briefly, cells were washed 
twice with cold PBS and then resuspended in 1X Binding 
Buffer (BD Biosciences, 51‑66121E) at a concentration of 
1x106 cells/ml. Then, 100 µl of the solution (1x105 cells) was 
transferred to a 5 ml culture tube and 5 µl of Annexin V‑PE (BD 
Biosciences, 51‑65875X) and 5 µl of 7‑Amino‑actinomycin D 
(7‑AAD; BD Biosciences, 51‑68981E) added. The cells were 
gently vortexed and incubated for 15 min at room temperature 
(25˚C) in the dark. 1X binding buffer (400 µl) was added to 
each tube. Flow cytometry analysis was performed within one 
hour. The results were analyzed using CytExpert 1.2 software 
(Beckman Coulter, Inc.).

Western blotting. To investigate the effects of astragaloside IV 
on caspase‑3 levels and EMT of PMCs in PD fluids, HMrSV5 
cells were seeded in 6‑well plates at a density 1x105 cells/cm2. 
After overnight culture, cells were treated with astragalo-
side IV, PD and their respective controls for 48 h. To investigate 
the role of RXRα on the caspase‑3 levels and EMT of PMCs 
in PD fluids, HMrSV5 cells were seeded in 6‑well plates at 
a density 1x105 cells/cm2. After overnight culture, cells were 
transfected with SD1211 empty vector (0.4 µg/cm2) or RXRα 
shRNA plasmid (0.4 µg/cm2) for 6 h and then cultured in fresh 
media for 24 h. These cells were then treated with astragalo-
side IV, PD and DMSO for 48 h. Cells were collected and lysed 
using RIPA buffer [50 mM Tris‑HCl (pH 7.4), 150 mM NaCl, 
1% (v/v) NP40, 0.1% (w/v) SDS, 0.5% (w/v) sodium deoxy-
cholate] with protease inhibitor PMSF (100 mM; Beyotime 
Institute of Biotechnology). Equal amounts of proteins (50 µg) 
were separated by SDS‑PAGE on 10% gels and then trans-
ferred onto PVDF membranes. After blocking with 5% non‑fat 
milk at room temperature for 2 h, membranes were incubated 
overnight at  4˚C with the following primary antibodies: 
E‑cadherin (1:500; Abcam, ab1416), α‑smooth muscle actin 
(α‑SMA; 1:500; Abcam, ab32575), caspase‑3 (1:500; Abcam, 
ab32351), β‑actin (1:500; Abcam, ab179467) or GAPDH 
(1:1,000; Cell Signaling Technologies, Inc., 2118). This was 
followed by incubation with horseradish peroxidase‑coupled 
secondary antibodies (1:1,000; Cell Signaling Technologies, 
Inc.; 7074 and 7076). Bands were visualized using the 
Enhanced Chemiluminescence Reagent kit (EMD Millipore) 
and analyzed using the GDS8000 system GelDoc‑It310 and 
software VisionWorks LS v6.5.2 (UVP, LLC).

Knockdown of RXRα expression in HMrSV5 cells and 
determination of relative RXRα mRNA levels using reverse 
transcription‑quantitative PCR (RT‑qPCR). HMrSV5 cells 
were transfected with SD1211 empty vector (0.4 µg/cm2) or 

RXRα shRNA plasmid (0.4 µg/cm2) using Lipofectamine® 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) and 
Opti‑MEM (Gibco; Thermo Fisher Scientific, Inc.), which 
was added to cells, incubated for 4‑6 h and then cultured with 
regular media. After 24 h of culture, total RNA was extracted 
from cells using a MiniBEST Universal RNA Extraction 
kit (Takara Bio, Inc., 9767), according to the manufacturer's 
instructions, and reverse transcribed using oligo dT primers 
and a PrimeScript II 1st Strand cDNA Synthesis kit (Takara 
Bio, Inc., 6210A) according to the manufacturer's instructions. 
The thermocycling conditions used for the reverse transcrip-
tion was as follows: 30˚C 10 min, 42˚C 30‑60 min, 95˚C 5 min, 
and then chilled in ice. Relative mRNA levels were analyzed 
by RT‑qPCR using a PowerUp SYBR Green Master Mix 
(Applied Biosystems) and an ABI 7500 fast cycler (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). GAPDH was used 
for normalization. The relative RXRα mRNA levels were 
calculated using the 2‑ΔΔCq method after normalization (53). All 
experiments were repeated three times. The following primers 
were used: GAPDH forwards, AGA​TCC​CTC​CAA​AAT​
CAA​GTG​G and reverse, GGC​AGA​GAT​GAT​GAC​CCT​TTT; 
RXRα forward, CGG​GAA​GGT​TCG​CTA​AGC​T, and reverse, 
TGT​TCC​AGG​CAT​TTG​AGC​C. Primers were designed using 
Primer 5 according to reference sequences in NCBI and 
synthesized by Invitrogen (Thermo Fisher Scientific, Inc.).

Statistical analysis. Quantitative data are expressed as the 
mean ± standard deviation for three experimental repeats. All 
the data were analyzed using SPSS 17.0 software (SPSS, Inc.). 
Graphics for quantitative data were processed using Prism 5 
(GraphPad). Statistical analysis of the difference among 
multiple groups was performed by one‑way ANOVA followed 
by the post hoc Student‑Newman‑Keuls test. Statistical analysis 
of the difference in RXRα levels in HMrSV5 cells transfected 
with SD1211 empty vector and those transfected with RXRα 
shRNA plasmid was performed using Student's t‑test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Astragaloside IV enhances the viability of PMCs in PD fluid. 
To study the effect of astragaloside IV on the viability of PMCs 
during high‑glucose PD, HMrSV5 cells were treated with PD 
fluid and astragaloside IV, and cell viability was determined 
using a CCK‑8 assay. The viability of HMrSV5 cells was 
decreased in the PD model + vehicle groups compared with 
the normal + vehicle controls (Fig. 1). Viability in the PD 
model group was increased significantly after treatment with 
astragaloside IV compared with the PD model + vehicle groups 
(Fig. 1). Under normal conditions, the viability of HMrSV5 
cells was not affected by astragaloside  IV (Fig. 1). These 
results suggested that astragaloside IV increased viability of 
PMCs cultured in PD fluid, but did not affect cell viability 
under normal conditions.

Astragaloside IV reduces apoptosis of PMCs cultured in PD 
fluid. To examine the effect of astragaloside IV on the rate 
of apoptosis in PMCs during high glucose‑based PD, PD 
fluid‑treated HMrSV5 cells were used as a PD model. These 
cells were treated with astragaloside IV or vehicle control, and 
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the rate of apoptosis was determined using flow cytometry. 
Additionally, the protein levels of caspase‑3, a hallmark of apop-
tosis, were determined using western blotting. The number of 
apoptotic HMrSV5 cells was significantly increased in PD fluids 
compared with the normal control (Fig. 2A and B). Apoptosis 
was significantly reduced in PD model cells after treatment 
with astragaloside IV, while the HMrSV5 cells apoptosis was 
not affected by astragaloside  IV under normal conditions 
(Fig. 2A and B). Caspase‑3 protein levels in HMrSV5 cells were 
significantly increased in the PD model group compared with the 
normal control. Caspase‑3 levels were significantly decreased in 
the PD model cells following treatment with astragaloside IV 
(Fig. 2C). Caspase‑3 protein levels were not affected by astraga-
loside  IV under normal conditions (Fig. 2C). These results 
suggested that astragaloside IV inhibited apoptosis of PMCs in 
the PD model, but that astragaloside IV did not affect apoptosis 
under normal conditions.

Astragaloside IV inhibits EMT of PMCs cultured in PD fluid. 
To investigate the effect of astragaloside IV on EMT of PMCs 
in PD, HMrSV5 were treated with high‑glucose PD fluid and 
astragaloside IV, and the levels of E‑cadherin and α‑SMA 
were determined using western blot analysis. The level of 
E‑cadherin was decreased in HMrSV5 cells cultured in PD 
fluid compared with the normal control (Fig. 3). The level of 
E‑cadherin in the PD model was significantly increased by 
treatment with astragaloside IV (Fig. 3). The level of α‑SMA 
was significantly increased in HMrSV5 cells cultured in PD 
fluid compared with the normal control (Fig. 3). The level of 
α‑SMA was significantly decreased in the PD model after 
treatment with astragaloside IV (Fig. 3). The levels of both 
E‑cadherin and α‑SMA were not affected by astragaloside IV 
under normal conditions (Fig. 3). These results suggested that 

astragaloside IV inhibited PMC EMT induced by PD fluid, but 
did not affect PMC EMT under normal conditions.

Knockdown of RXRα expression in HMrSV5 cells. To knock-
down the expression of RXRα in HMrSV5 cells, the RXRα 
shRNA plasmid was constructed using the SD1211 vector 
and transfected into HMrSV5 cells. The relative expression 
level of RXRα mRNA was determined using RT‑qPCR to 
examine the effect and efficiency of RXRα shRNA on RXRα 
expression in HMrSV5 cells. The level of RXRα mRNA was 
decreased by ~80% in the HMrSV5 cells after transfection 
with SD1211 RXRα shRNA compared with the empty vector 
control (Fig. 4). These data suggested that RXRα expression 
was significantly and efficiently reduced in HMrSV5 cells by 
the SD1211 RXRα shRNA plasmid.

RXRα is required to maintain the viability of PMCs in PD 
fluids. To examine the role of RXRα in maintaining the viability 
of PMCs during high glucose‑based PD, HMrSV5 cells were 
transfected with SD1211 RXRα shRNA or empty SD1211, 
these cells were treated with PD fluids and astragaloside IV or 
vehicle control, and the cell viability was determined using the 
CCK‑8 assay. The results showed that the viability of HMrSV5 
cells treated with vehicle or astragaloside IV was decreased 
after RXRα shRNA transfection compared with the empty 
vector transfections (Fig. 5). Treatment with astragaloside IV 
resulted in increases in the viability of HMrSV5 cells after 
RXRα shRNA or blank vector transfection compared with the 
vehicle control treatment (Fig. 5). These results suggested that 
a decrease in the level of RXRα results in reduced viability of 
PMCs in PD fluid. Therefore, RXRα is required to maintain 
the viability of PMCs in PD fluid.

RXRα is required to reduce apoptosis and the level of 
caspase‑3 in PMCs cultured in PD fluid. To examine the role 
of RXRα in the apoptosis of PMCs during high glucose‑based 
PD, HMrSV5 cells were transfected with SD1211 RXRα 
shRNA or SD1211 empty vector, these cells were treated 
with PD fluid and astragaloside IV or vehicle control. The 
rate of apoptosis was determined using flow cytometry and 
the level of caspase‑3 was determined using western blotting. 
The results showed that the rate of apoptosis in HMrSV5 cells 
treated with vehicle or astragaloside IV were increased after 
RXRα shRNA transfection compared with the blank shRNA 
transfection (Fig. 6A and B). Treatment with astragaloside IV 
resulted in decreased apoptosis of HMrSV5 cells transfected 
with RXRα shRNA or blank vector compared with the vehicle 
control treatments (Fig. 6A and B). Similar changes in the 
levels of caspase‑3 were observed (Fig. 6C). These results 
suggested that a decrease in the level of RXRα resulted in 
an increase in apoptosis and the level of caspase‑3 in PMCs 
cultured in PD fluid. Therefore, RXRα may be involved in 
reducing the apoptosis of PMCs in PD fluids.

RXRα is silencing increased EMT of PMCs cultured in PD 
fluid. To examine the role of RXRα in EMT of PMCs during 
high glucose‑based PD, HMrSV5 cells were transfected with 
SD1211 RXRα shRNA or SD1211 empty vector, and cultured 
in PD fluid with astragaloside IV or vehicle control. The levels 
of E‑cadherin and α‑SMA were determined using western 

Figure 1. Astragaloside IV enhances the viability of peritoneal mesothelial 
cells in high‑glucose PD fluid. Cultured HMrSV5 cells were treated with 
high‑glucose PD fluid and astragaloside IV for 24, 48 or 72 h. Cell viability 
was determined using the Cell Counting Kit‑8 assay. *P<0.05 vs. normal + 
vehicle; #P<0.05 vs. PD model + vehicle. PD, peritoneal dialysis.
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blot analysis. The level of E‑cadherin in HMrSV5 cells treated 
with vehicle or astragaloside IV were decreased after RXRα 
shRNA transfection compared with the blank shRNA trans-
fections (Fig. 7). Treatment with astragaloside IV resulted 
in an increase in the level of E‑cadherin in HMrSV5 cells 
after RXRα shRNA or blank vector transfections compared 
the vehicle control treatments (Fig. 7). By contrast, the level 
of α‑SMA in HMrSV5 cells treated with vehicle or astraga-
loside IV were increased after RXRα shRNA transfection 
compared with the empty shRNA transfections (Fig.  7). 
Treatment with astragaloside  IV resulted in a decrease in 
the level of α‑SMA in HMrSV5 cells after RXRα shRNA or 
empty vector transfections compared with the vehicle control 

treatments (Fig. 7). These results suggested that a decrease in 
the level of RXRα resulted in an increase in EMT in PMCs in 
PD fluid. Therefore, RXRα may be required inhibit EMT in 
PMCs in PD fluid.

Discussion

Damage to PMCs is an initiating and important factor in perito-
neal fibrosis. A number of preclinical animal and in vitro studies 
have revealed that the onset of peritoneal fibrosis is delayed 
or inhibited by promoting PMC survival and inhibiting PMC 
EMT (8‑12,14,16‑19,21,22,24). Previous studies have revealed 
that several drugs can inhibit PMC EMT and inhibit peritoneal 

Figure 2. Astragaloside IV inhibits high‑glucose PD fluid‑induced apoptosis in peritoneal mesothelial cells. HMrSV5 cells were treated with high‑glucose PD 
fluids and astragaloside IV. Apoptotic cells were detected using flow cytometry. (A) Representative results obtained using flow cytometry. (B) Analysis of the 
results obtained using flow cytometry. (C) Caspase‑3 protein levels in HMrSV5 cells treated as indicated were determined using western blotting and quantita-
tive analysis. *P<0.05 vs. normal + vehicle; #P<0.05 vs. PD model + vehicle. PD, peritoneal dialysis; PE, phycoerythrin; 7‑AAD, 7‑amino‑actinomycin D.
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fibrosis. Melatonin can reverse lipopolysaccharide‑induced 
EMT (54). Fluvastatin inhibits high glucose‑based PD‑induced 
fibronectin expression in human PMCs via the serum‑ and 
glucocorticoid‑inducible kinase 1 pathway (55). The histone 
acetyltransferase inhibitor C646 reverses EMT in human 
PMCs via the TGF‑β/Smad3 signaling pathway  (56). The 
adenosine 5'‑monophosphate (AMP)‑activated protein kinase 
activator HL156A protects against peritoneal fibrosis  (57). 
Suramin inhibits the occurrence and deterioration of peritoneal 
fibrosis (58). Selenium inhibits EMT by regulating reactive 
oxygen species (ROS) and the ROS/matrix metalloproteinase‑9 
signaling pathways and the PI3K/AKT pathways in PMCs (59). 
Hydrogen sulfide can improve peritoneal fibrosis by inhibiting 
inflammation and TGF‑β synthesis (60). Metformin ameliorates 
the transition phenotype of PMCs and peritoneal fibrosis via 
the modulation of oxidative stress (61). The data in the present 
study showed that astragaloside IV increases cell viability and 
inhibits apoptosis and EMT in PMCs cultured in high‑glucose 
PD fluid, without affecting PMCs under normal conditions. 
This is consistent with a previous report by Zhang et al (31). 

Astragaloside IV may be a potential drug that could be used for 
the inhibition of peritoneal fibrosis.

Previous studies have shown that several signaling pathways 
are involved in the protective effects of astragaloside IV in 
different cell types during fibrosis and under high glucose chal-
lenge. Astragaloside IV inhibits TGF‑β1/PI3K/AKT‑induced 
forehead box O3a hyper‑phosphorylation and downregulation 
to reverse EMT during the progression of bleomycin‑induced 
pulmonary fibrosis (62). Astragaloside IV has been reported 
to inhibit renal fibrosis and promote renal function in diabetic 
KK‑Ay mice through inhibition of glucose‑induced EMT in 
glomerular podocytes by activating autophagy and Sirtuin‑1 

Figure 5. RXRα is required to maintain the viability of peritoneal meso-
thelial cells in high‑glucose PD fluid. HMrSV5 cells were transfected with 
the RXRα shRNA plasmid or blank vector and treated with astragaloside IV 
or DMSO in high‑glucose PD fluids for 24, 48 or 72 h. Cell viability was 
determined using the Cell Counting Kit‑8 assay. *P<0.05 vs. blank shRNA + 
vehicle; #P<0.05 vs. blank shRNA + astragaloside IV. PD, peritoneal dialysis; 
shRNA, short hairpin RNA; RXRα, retinoid X receptor‑α.

Figure 4. Knockdown of RXRα in HMrSV5 cells using RXRα shRNA. The 
RXRα shRNA plasmid was transfected into HMrSV5 cells. The effect and 
efficiency of the RXRα shRNA transfection were determined using reverse 
transcription quantitative‑PCR. *P<0.05 vs. blank shRNA. RXRα, retinoid X 
receptor‑α; shRNA, short hairpin RNA.

Figure 3. Astragaloside IV inhibits high‑glucose PD fluid‑induced EMT 
of peritoneal mesothelial cells. (A) E‑cadherin and α‑SMA protein levels 
in HMrSV5 cells treated with high‑glucose PD fluid and astragaloside IV 
as indicated. Protein levels were determined using western blotting. 
(B) Quantitative analysis of western blotting data. *P<0.05 vs. normal + 
vehicle; #P<0.05 vs. PD model + vehicle. α‑SMA, α‑smooth muscle actin; 
PD, peritoneal dialysis.
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expression, which results in decreased acetylation of NF‑κB 
subunit p65  (63). Astragaloside  IV also downregulates 
the calcineurin/nuclear factor of activated T cells/tran-
sient receptor potential channel 6 pathway to prevent high 
glucose‑induced podocyte apoptosis (64). Astragaloside IV 
prevents high glucose‑induced apoptosis and inflammatory 
reactions by inhibiting the JNK pathway in human umbilical 
vein endothelial cells (65). Astragaloside IV ameliorates high 
glucose‑induced apoptosis and oxidative stress in the human 
proximal tubular HK‑2 cell line by regulating the nuclear factor 

erythroid 2‑related factor 2/antioxidant responsive element 
(NFE2L2/ARE) signaling pathway  (66). Astragaloside  IV 
protects primary cerebral cortical neurons from oxygen and 
glucose deprivation/reoxygenation by activating the cyclic 
AMP (cAMP)‑dependent protein kinase/cAMP response 
element‑binding protein pathway (67). Astragaloside IV inhibits 
cell viability, invasion, migration and TGF‑β1‑induced EMT in 
gastric cancer cells through inhibition of the PI3K/AKT/NF‑κB 
pathway  (68). Astragaloside  IV inhibits the invasion and 
migration of hepatocellular carcinoma cells by reducing EMT 

Figure 6. RXRα is required to reduce the rate of apoptosis and the level of caspase 3 in peritoneal mesothelial cells in high‑glucose PD fluid. HMrSV5 cells 
were transfected with RXRα shRNA plasmid or blank vector and treated with astragaloside IV or DMSO in high‑glucose PD fluid for 48 h. The rate of 
apoptosis was examined using flow cytometry. (A) Representative results obtained by flow cytometry. (B) Analysis of the results obtained flow cytometry. 
(C) Caspase‑3 protein levels in HMrSV5 cells treated as indicated were determined using western blotting and densitometry analysis. *P<0.05 vs. blank shRNA 
+ vehicle; #P<0.05 vs. blank shRNA + astragaloside IV. PD, peritoneal dialysis; shRNA, short hairpin RNA; RXRα, retinoid X receptor‑α; PE, phycoerythrin; 
7‑AAD, 7‑amino‑actinomycin D.
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via effect on the AKT/glycogen synthase kinase‑3β/β‑catenin 
pathway (69), and suppressing long noncoding RNA activated 
by TGF‑β/interleukin‑11/STAT3 signaling (70). Therefore, 
it is speculated that similar signaling pathways may also be 
involved in the protective effects of astragaloside IV in PMCs 
to prevent damage from high glucose‑based PD fluids, in 
addition to the upregulation of Smad7 in the TGF‑β1/Smad 
signaling pathway during the inhibition of TGF‑β1‑induced 
PMC EMT by astragaloside IV (31).

PMC homeostasis is important for resistance against 
peritoneal fibrosis (13‑15). Previous studies have identified 
several molecular components that are essential for PMC 
homeostasis. Heat shock protein 70 has been reported to 
protect PMCs from late glycation end products‑induced 
EMT through the mitogen‑activated protein kinase/ERK and 
TGF‑β/Smad3 pathways (71,72). NF‑κB mediates the inhibition 
of high glucose induced PMC extracellular matrix synthesis 
by pioglitazone (46) and the effects of chondroitin sulfate on 
peritoneal fibrosis (73). Twist promotes cell proliferation and 

EMT‑induced fibrosis by regulating Y‑box binding protein 1 
in PMCs  (74). Acidic organelles mediate TGF‑β1‑induced 
cellular fibrosis via (pro)renin receptor and vacuolar 
ATPase trafficking in human PMCs (75). MicroRNA‑15a‑5p 
suppressed PMC EMT (76) and microRNA‑21 promoted PMC 
EMT (77). VDR, PPARγ and PPARβ/δ are also involved in the 
regulation of PMC activity and homeostasis during peritoneal 
dialysis (41‑47). As RXRα is a dimerization partner for VDR 
and PPAR, the role of RXRα in PMC homeostasis during PD 
was investigated. The data from the present study indicated 
that RXRα was required to maintain viability, inhibit apoptosis 
and reduce EMT of PMCs in high glucose‑based PD fluid. 
Therefore, RXRα is an important factor for PMC viability and 
the ability to resist apoptosis and EMT induction.

It has previously been established that Astragalus 
membranaceus  inhibits per itoneal f ibrosis dur ing 
PD (18‑20,22). The data from the present study, and the study 
by Zhang et al (31), showed that astragaloside IV, a component 
of Astragalus membranaceus, increased cell viability and 
inhibited apoptosis and EMT in PMCs in high glucose‑based 
PD fluids without affecting PMCs under normal conditions, 
suggesting that astragaloside IV is an active, key component of 
Astragalus membranaceus that contributes to its anti‑fibrosis 
function. It was also shown that RXRα was required to 
maintain viability, inhibit apoptosis and reduce EMT in 
PMCs cultured in high‑glucose PD fluids. A limitation of the 
present study was that the cause‑effect relationship between 
astragaloside IV and RXRα was not investigated. It has been 
previously shown that astragaloside IV can bind to gluco-
corticoid receptor (GR) with a low affinity, modulating the 
GR‑mediated signaling pathway, including dephosphorylation 
of PI3K, AKT, inhibitor of κB and NF‑κB in microglia (78). 
Astragaloside IV is a natural PPARγ agonist that suppresses 
the activity of β‑secretase 1 and amyloid β (Aβ) levels in 
SH‑SY5Y cells, and reduces neuritic plaque formation and Aβ 
levels in the brains of APP/PS1 mice, a model of Alzheimer's 
disease (79). Whether and how the effect of astragaloside IV 
on PMCs is mediated by RXRα remains to be determined; this 
question requires further investigation in future studies.

In conclusion, astragaloside IV increased cell viability, and 
inhibited apoptosis and EMT of PMCs in high‑glucose PD 
fluid, but did not affect PMCs under normal condition. RXRα 
silencing reduced viability, inhibited apoptosis and reduced 
EMT of PMCs in high‑glucose PD fluid. Astragaloside IV 
may be a potential drug that could be used for the inhibition of 
peritoneal fibrosis. RXRα was found to be an important factor 
involved in maintaining the viability of PMCs, and in their 
ability to resist apoptosis and EMT induction. The findings of 
the present study may provide important information for the 
prevention and treatment of PD‑induced fibrosis.
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