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Abstract
INTRODUCTION: The objective of the study was to observe whether Cx43 could regulate EMT of RTECs
by in�uencing Akt/mTOR signaling pathway, and whether ASV could inhibit the development of renal
interstitial �brosis by regulating Cx43.

METHODS: Lentivirus infection was transfected into RTECs with the �nal concentration of 50×PFU/ cell
to regulate the expression of Cx43.And RTECs were intervened by different doses of ASV. After
synchronous culture of RTECs in each group,cell morphological changes were observed and the
expression levels of EMT-related indicators, and the expression levels of Cx43, the protein expressions
and phosphorylation levels AKT and mTOR in different groups were detected by WB.

RESULTS: When the expression of Cx43 in RTECs was regulated by lentivirus infection, the degree of EMT
induced by TGF‐β1 and the phosphorylation level of Akt and mTOR were changed accordingly, indicating
that Akt/mTOR pathway might be a downstream molecular mechanism by which Cx43 could regulate
EMT. After intervention with different doses of ASV, the expression level of Cx43 increased with obvious
concentration dependence, and the expression levels of p-Akt and p- mTOR were signi�cantly altered,
suggesting that ASV could effectively increase the protein expressions of TGF‐β1-induced Cx43 in RTECs
and inhibit the phosphorylation levels of Akt and mTOR.

CONCLUSION: Cx43 is the main material basis of RTECs’injury, and ASV could inhibit TGF-β1 induced
RTECs transdifferentiation. In-depth study of the mechanism may provide a broad application prospect
for the treatment of renal interstitial �brosis.

1. Introduction
End-stage renal disease (ESRD) is the �nal stage of various chronic kidney diseases, which refers to the
irreversible decline of renal physiological functions. ESRD is characterized by high disability rate, high
mortality rate and high medical costs. ESRD makes patients only rely on renal replacement therapy
(kidney transplantation and dialysis therapy) to maintain the pathological state needed for normal life [1].
The incidence of renal failure caused by chronic kidney disease and other chronic diseases is increasing
year by year worldwide, leading to the continuous increase in the number of patients with ESRD, which
has become an increasingly serious public health problem. By the end of 2012, more than 3 million
patients worldwide were receiving treatment for ESRD, and the rate is increasing at 7% per year, far
exceeding the world population growth rate [2]. In recent years, the incidence of ESRD in China has been
increasing year by year and the growth rate has accelerated, causing economic losses and depletion of
health resources to the country, but also bringing heavy economic burden to the whole society, patients
and their families [3].

Renal interstitial �brosis (RIF) is almost the common manifestation and pathological basis of all kinds of
chronic renal disease in the late stage. The occurrence of RIF is mainly manifested by the production of a
large number of �brogenic factors and the proliferation of �broblasts. Epithelial mesenchymal
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transformation (EMT) is one of the main causes of cell proliferation and subsequent renal �brosis
[4].EMT is a transdifferentiation process in which interepithelial cells disadhere, polarity disappears, and
expression of epithelial marker proteins is reduced to obtain mesenchymal cell phenotypes under speci�c
physiological and pathological conditions, such as embryonic development, histopathogenesis, and the
pathogenesis of a variety of chronic diseases.Transforming growth factor (TGF-β1) is a �brogenic growth
factor and a key mediator in the induction of progressive renal failure due to multiple renal injuries
[5].TGF-β1, a member of the TGF family, is a multifunctional peptide cytokine associated with a variety of
biological processes. It can regulate the genesis and differentiation of tissue morphology through such
pathways as cell proliferation, differentiation, metastasis, adhesion, apoptosis and the synthesis and
secretion of extracellular matrix, including the regulation of EMT in many different epithelial cells.

Multiple signaling pathways are involved in TGF-β1-induced renal tubular epithelial EMT. TGF-β1 induced
EMT in renal tubular epithelial cells can be mediated through the classical TGF-β/Smads pathway, and
non-Smad-dependent downstream TGF-β1 pathways also play an important role in the occurrence and
development of EMT, among which the PI3K/ Akt /mTOR signaling pathway plays an important role in
cell metabolism, apoptosis, proliferation and differentiation [6].Gap junctions constitute inter-cell
communication, which can mediate the transfer of small molecular signals between adjacent cells,
participate in the material and information exchange between cells, and then regulate a variety of
physiological processes of cells [7].Cx43 is one of the most widely expressed members of the Connexin
(Cx) family, and is also a molecule that has been studied extensively at present. Studies have found that
the expression and functional changes of Cx43 are closely related to renal �brosis [8].Studies have
shown that the activity of TGF-β is mediated by CX43, which can increase the phosphorylation level of
Smad2, thereby regulating the TGF-β/Smads pathway [9].However, this study by Stains JP et al. [10]
found that in osteoblasts, changes in CX43 content could cause changes in PI3K/ Akt /mTOR pathway
activity. Therefore, whether CX43 could also mediate TGF-β activity through PI3K/ Akt /mTOR pathway
remains to be further studied.

Astragaloside IV (ASV) is the main effective component of Astragalus membranaceus, which has various
pharmacological effects such as immunomodulatory, antibacterial, antiviral, antioxidant, scavenging
oxygen free radicals, protecting cell membrane and so on [11].Studies have shown that ASV can alleviate
renal tubulointerstitial �brosis and is closely related to the inhibition of TGF-β/Smad signaling pathway
[12].Other studies have found that ASV can inhibit gastric cancer cell transdifferentiation induced by
PI3K/ Akt /NF- kB pathway which is activated by TGF-β1[13]. Whether ASV could mediate the activity of
PI3K / Akt / mTOR by regulating the expression of connexin 43, and then affect the transdifferentiation of
renal tubular epithelial cells has not been studied,

In this study, TGF-β 1-induced transdifferentiation of renal tubular epithelial cells was used as the
research object. Low, medium and high concentrations of ASV were intervened to detect the protein and
mRNA expression levels of E-cadherin, a-SMA and vimentin, and further to detect the protein and mRNA
expression levels of connexin 43 and the activity of PI3K/Akt/mTOR pathway. The research aim is to
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investigate the effect of ASV on TGF-β1-induced renal tubular epithelial cell transdifferentiation and its
possible mechanism.

2. Materials And Methods

2.1 Materials
Rat tubular epithelial NRK-52E cell line were obtained from the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China); Transformational growth factor β1(TGF -β1) was purchased from R&D
Systems, Inc. (Minneapolis, MN); Fetal bovine serum (FBS) were provided by Invitrogen (Grand Island,
NY); RPMI nad Dulbecc’s modi�ed eagle’s medium (DMEM) were supplied by GIBCO (gaithersburg,MD);
Dimethyl sulfoxide (DMSO) and TRIzol reagent, Anti-Cx43 antibody, RIPA, phenylmethlysulfonyl �uoride,
Anti E- cadherin and Anti beta actin, and Anti Alpha- SMA were puschased from Sigma chemical Co. (St.
Louis, MO), Anti-Akt 1/2/3 (H-136), Anti-phospho-Akt 1/2/3 (ser 473) Anti-PTEN antibodies, anti- FOXO
antibodies, antibodies against phospho PI3K-p110α were bought from Santa Cruz Biotechnology (Santa
Cruz, CA), Anti-phospho-m-TOR was from Cell Signalling (Beverly, CA).

2.2 EMT model of RTECs induced by TGF-β1
RTECs were cultured with conventional methods. When RTECs grew to fusion of 80%-90%, digestion was
performed with trypsin and DMEM/F12 medium containing 100% FBS was added to terminate digestion.
Counting with a counter plate, the cells were adjusted to an appropriate concentration, and inoculated
into six-well culture plates. When the cell con�uence reached 60%, drug stimulation was added, and the
cells were kept hungry 24 hours before treatment. According to relevant literature and preliminary
experiments, 6ng/m1 TGF-β1 was used to stimulate renal tubular epithelial cells for 48 hours so as to
construct the EMT model of RTECs[14]. Cellular immuno�uorescence was used to observe the changes in
cell morphology, and Western-blot were used to detect the protein levels of EMT-related indicators to
identify the EMT model.

2.3 Construction and packaging of lentivirus vectors
With reference to GenBank, GJA1 gene interference sequence was designed and synthesized by Shanghai
Genechem Co., LTD. Then, recombinant lentivirus clones with overexpression and interference were
prepared with GJA1 gene and control lentivirus as targets. Simply, overexpressed lentivirus transfer
vectors (GV208) and lentivirus transfer vectors (GV112) were constructed. Both vectors contain ampicillin
resistance gene and enhanced green �uorescent protein gene. For overexpressed lentivirus vectors,
homologous recombination sequence should be added to the 5 'end of the ampli�cation primers. For
interfering lentivirus vectors, the primers were designed to add restriction sites at both ends. The
packaging of the virus was accomplished by transient transfection with 293T cells carrying the transfer
plasmid and three packaging vectors: the tool carrier plasmid carrying the target gene or target sequence,
and pHelper 1.0 and pHelper 2.0. Lentivirus particles were collected 3 days after transfection and
concentrated at 25000rpm for 2 hours at 4℃. With discarding the supernatant, the virus preservation
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solution was added and fully dissolved. Centrifuged at a high speed of 10000 RPM, the supernatant was
taken and packed according to the requirements, and then the lentivirus quality was detected.

2.4 Transfecting into renal tubular epithelial cells with
lentivirus
The RTECs in the logarithmic growth stage was digested with trypsin, and the complete medium was
added to make 3-5×104 /mL cell suspension, and lentivirus infection was transfected with the �nal
concentration of 50×PFU/ cell. The cells were divided into 5 groups: (1) non-infected HRTECs +6ng/m1
TGF-β1 (TGF-β1 group); (2)RTECs infected with lentivirus shRNA-Con +6ng/m1 TGF-β1 (shRNA-Con
group); (3)HRTECs infected with lentivirus shRNA-Cx43+6ng/m1 TGF-β1 (shRNA-Cx43 group); (4)RTECs
infected with lentivirus OE-con +6ng/m1 TGF-β1 (OE-Con group); (5)RTECs infected with lentivirus OE-
Cx43+6ng/m1 TGF-β1 (OE-Cx43 group). After infection, the cells were cultured in conventional medium
for about 8-16h. GFP expression was observed under a �uorescence microscope, and when the infection
e�ciency reached about 80%,the cells were collected and protein and gene levels of EMT-related
indicators were detected.

2.5 Evaluating the effective concentration of ASV by CCK-8
method
Cell count kit -8 (CCK-8) was performed to assess the toxicity of ASV. Brie�y, 5 × 103 RTECSs in
logarithmic phase were distributed in 96-well plates and kept in an incubator at 37°C under 5 % CO2 for
24 hours. After cells treated with various concentrations of ASV (ranging from 0 to 120 µg/ml) for 48
hours, 10 µL of CCK-8 solution (Beyotime, China) was added to each well and the plates were incubated
for 3 hours. Microplate reader (Bio-Tek, USA) was used to record the absorbance at 450 nm and to detect
the cell activities in RTECs under different concentrations of ASV.

2.6 ASV intervention program in vitro and index detection:
In order to study the effect of ASV on TGF-β1-induced EMT, RTECs were divided into 5 groups according
to different intervention methods: the normal group (10% fetal bovine serum), the model group (6 ng/ml
TGF-β1), low-dose of ASV group (6 ng/ml TGF-β1 + 10µg/ml ASV), medium-dose of ASV group (6 ng/ml
TGF-β1 + 40µg/ml ASV) and high-dose of ASV group (6 ng/ml TGF-β1 + 80µg/ml ASV). After
synchronous culture of RTECs in each group at 37℃ in 5% CO2 incubator for 24 hours, cell
morphological changes were observed and the expression levels of EMT-related indicators, such as E-
cadherin and 𝛼-SMA were detected, and the expression levels of Cx43, the protein expressions and
phosphorylation levels AKT and mTOR in different groups were detected by WB.

2.7 Statistical analysis
The experimental data were expressed as mean ± standard deviation (SD), and SPSS20.0 statistical
software was used for statistical processing. The measurement data were analyzed by one-way ANOVA,
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and independent sample t test was used for multiple comparisons of the two sample means. Statistical
signi�cance was indicated at a level of P < 0.05.

3. Results

3.1 Establishment of EMT model of RTECs induced by TGF-
β 1
RTECs were observed under �uorescence microscope, and the results were shown in Figure 1. As a
marker for epithelial cells, the expression of E-cadherin in the normal control group was abundant and
continuously distributed inside and around the cells, while the expression of α-SMA, as a marker for
stromal cells, was almost absent. After 6 ng/ml TGF-β1 stimulated cells for 48 h, E-cadherin in the model
group was fractured and the expression level signi�cantly decreased compared with the normal group (P
< 0.01) (Figure 1-a, b), and the expression level of α-SMA signi�cantly increased (P< 0.01) (Figure 1-a, b).
All these indicated that RTECs induced by TGF-β1 should lose the epithelial cell morphology and
transform into a characteristic mesenchymal phenotype.

3.2 Lentiviral vector transfection of RTECs in vitro
effectively regulated Cx43 expression
Lentiviral vector was transfected into RTECs to interfere with Cx43 speci�cally and the effect was
observed under immuno�uorescence microscope. The expression of Cx43 in shRNA-Cx43 group
transfected with lentiviral vector was signi�cantly decreased compared with the model group (P<0.001),
while shRNA-Con group, which was the negative control group, showed no signi�cant change in Cx43
expression compared with the model group (P>0.05) (Figure 2-a, b). In the OE-Cx43 group transfected
with overexpressed lentivirus-interfering vector, the expression of Cx43 was signi�cantly increased
compared with the model group (P<0.001),while in the OE-Cx43 group, the expression of Cx43 was not
signi�cantly changed (P>0.05) (Figure 2-a, b). Western blotting also con�rmed the process, which
indicating that the lentivirus interference could effectively regulate the expression of Cx43(Figure 2-c,
d,e,f).

3.3 Up-regulation of Cx43 could inhibit TGF‐β1‐induced
EMT in RTECs
The lentivirus shRNA-Cx43 was used to decrease the expression of Cx43. Immuno�uorescence results
showed that compared with the model group, E-cadherin expression was signi�cantly decreased in
shRNA-Cx43 group(P<0.05) (Figure 3-a,b), while α-SMA expression was signi�cantly increased in shRNA-
Cx43 group (P<0.05) (Figure 3-a,c). These were consistent with the changes in the expression of each
indicator detected by western blot (Figure 3- d,e,f), indicating that when the expression of Cx43 was
decreased, the degree of EMT induced by TGF‐β1 in RTECs was more obvious. On the contrary, lentivirus
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OE-Cx43 was used to reduce the expression of Cx43. Compared with the model group, the expression of
E-cadherin in OE-Cx43 group increased signi�cantly(P<0.05) (Figure 3-a,b), and the expression of α-SMA
decreased signi�cantly (P<0.05) (Figure 3-a,c). These were consistent with the changes in the expression
of each indicator detected by western blot (Figure 3- d,e,f), indicating that when Cx43 expression was up-
regulated, the degree of EMT induced by TGF‐β1 was inhibited. All these suggested that Cx43 might be
an important regulatory molecule involved in the process of EMT induced by TGF‐β1.

3.4 Akt/mTOR pathway might be a downstream molecular mechanism by which Cx43 regulates the
occurrence of EMT.

Under the immuno�uorescence microscope, it was found that when the expression of Cx43 was reduced
by lentiviral vector transfected into RTECs, the phosphorylation level of Akt and mTOR were signi�cantly
increased compared with the model group (Figure 4-a,b,c), and the differences were statistically
signi�cant (P < 0.05). These were consistent with the changes in the expression of each indicator
detected by western blot (Figure 3-d,e,f),which suggested that the EMT induced by TGF‐β1 in RTECs
mignt be related to the activation of Akt/mTOR pathway when the expression of Cx43 was decreased.
However, when the expression of Cx43 was increased by lentiviral vector transfection, the
phosphorylation level of Akt and mTOR were signi�cantly reduced in the OE-Cx43 group compared with
the model group (Figure 3-a,b,c), with statistically signi�cant differences (P < 0.05). These were
consistent with the changes in the expression of each indicator detected by western blot (Figure 3-d,e,f)
,which suggested that the EMT induced by TGF‐β1 in RTECs was alleviated when Cx43 expression was
up-regulated, which might be related to the inhibition of Akt/mTOR pathway.

3.5 Determination of the effective concentration of ASV
CCK-8 assay was employed to examine the effects of ASV with different concentration (10, 20, 40, 80,
120 µg/ml) on RTECs’ cell viability. The cell viability of the normal control group was de�ned as 100%,
and the ratio to the normal control group was the cell viability of the group stimulated by ASV at different
concentrations. When the concentrations of ASV were from 10 to 80µg/ml, the cell activities increased or
decreased compared with the normal control group, but the differences were not statistically signi�cant
(P>0.05). When the concentration of ASV was 120 g/ml, the cell viability was signi�cantly reduced and
the difference was statistically signi�cant (P<0.05) (Figure 5). Therefore, 10µg/ml, 40µg/ml and 80µg/ml
were selected as the low, medium and high intervention concentrations for ASV within the concentration
range.

3.6 ASV improved EMT induced by TGF‐β1 in RTECs
To investigate whether ASV plays a role in reducing TGF‐β1 induced EMT in RTECs, immuno�uorescence
assay was used to detect the expression of EMT- related marker proteins E-cadherin and α-SMA.
Compared with the model group, the expression levels of Cx43 and E -cadherin increased after
intervention with 10µg/ml of ASV (�gure 6-a,b,c), while the expression levels of α-SMA decreased (�gure
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6-a,d), but the difference was not statistically signi�cant (P>0.05). After intervention with 40µg/ml and
80µg/ml of ASV, compared with the model group, the expression levels of Cx43 and E-cadherin increased
(Figure 6-a,b,c) (P<0.05), and the expression levels of α-SMA decreased (Figure 6-a,d) (P<0.01), with
statistically signi�cant differences. Consistent with the immuno�uorescence results, the effect was also
con�rmed by western blotting (Figure 6-e,f,g). The above experiments indicated that ASV culd effectively
inhibit TGF‐β1- induced EMT in RTECs.

3.7 ASV reversed the expression of Cx43 and the disorders
in Akt/mTOR signaling pathway.
To further clarify whether ASV affects the transdifferentiation of RTECs cells via interfering with the Cx43
and Akt/mTOR pathways, western blotting was used to detect the expression of Cx43, the levels of Akt
and mTOR proteins and their phosphorylation. The protein expressions of Cx43 was shown in Figure 6-i
and Figure 6-l. Compared with the normal control group, the expression level of Cx43 in the model group
was signi�cantly decreased after 6 ng/ml TGF‐β1 stimulated for 48h. While, after intervention with low-
dose, medium dose and high-dose of ASV, the expression levels of Cx43 increased compared with the
model group, and the effect showed obvious concentration dependence. As shown in Figure <link
rid="�g6">6</link>-i, <link rid="�g6">6</link>-j and <link rid="�g6">6</link>-k, there were no signi�cant
differences in the protein expressions of Akt and mTOR in the normal group, model group, low-dose of
ASV group, medium-dose of ASV group, and high-dose of ASV group, while the protein expressions of p-
Akt and p-mTOR were signi�cantly changed. Compared with the normal control group, p-Akt /Akt and p-
mTOR /mTOR were increased in the model group, while the ratios of p-Akt/Akt and p-mTOR/mTOR were
slightly decreased after intervention with low-dose and medium-dose of ASV, with no statistically
signi�cant difference (P>0.05). While after intervention with high-dose of ASV, p-Akt/Akt and p-mTOR
/mTOR were signi�cantly reduced, and the difference was statistically signi�cant (p<0.01). The above
experiments indicated that ASV could effectively increase the protein level of TGF-β1-induced Cx43 and
inhibit the phosphorylation level of Akt and its downstream molecule mTOR.

4. Discussion
According to modern medicine, RIF is characterized by degeneration and loss of renal tubule and
accumulation of extracellular matrix, which is involved with TGF-β1, angiotensin II, HER2 and other
biological factors. As a �brogenic factor, TGF-β1 can induce the activation of myo�broblasts and inhibit
the degradation of collagen �bers, which resulting in the accumulation of large amounts of collagen
�bers between tissues[15]. Studies have shown that TGF-β1 plays an initial activation role in the
formation of �brosis. TGF-β1 can bind to receptors on the cell surface, activate multiple cell signaling
pathways, and induce the expression of target genes, thus promoting the generation of �brosis [16].

TGF-β1 has been shown to rapidly activate PI3 kinase in a variety of cellular systems, leading to
activation of Akt kinase [17].Akt is a central regulator of multiple pathways involved in cell survival, cell
size control, and cell migration. Akt regulates cell functions by phosphorylating a variety of downstream
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factors such as enzymes, kinases and transcription factors. Inhibitors of PI3 kinase and Akt, or a
dominant negative form of Akt, have been found to inhibit TGF-β1-induced EMT[18]. mTOR is a
serine/threonine protein kinase that regulates cell growth, cell proliferation, cell movement, protein
synthesis and transcription. Over-activated mTOR promotes EMT, and MTOR inhibitors inhibit bleomycin-
induced pulmonary �brosis and EMT in mice [19].

The EMT changes of RTECs are closely related to the damage of gap junction intercellular
communication(GJIC). GJIC mediated by Cx43 is involved in the transmission of energy and information
between cells, and plays an important role in the regulation of cell proliferation, differentiation,
metabolism and internal environment stability and other physiological processes [20]. Impaired
intercellular information transmission can lead to decreased cell proliferation, cell cycle arrest and cell
hypertrophy, and then increase secretion of extracellular matrix, which eventually leads to the occurrence
of renal interstitial. The phosphorylation of CX43 directly affects the assembly, degradation of CX43 on
the cell membrane and the GJIC mediated by gap junctions. There are at least �ve serine phosphorylation
sites in connexin 43, which are necessary for the aggregation and intercellular junction of connexin 43. It
has been proved that there are action sites of protein kinase C and mitogen activated protein kinase on
the molecule of connexin 43, which are related to the closure of gap junction channels [21].

James CC et al. [22] proved that during the process of cell transdifferentiation, the reduction of Cx43
protein can act as a key link to activate PI3K/ Akt /mTOR to further promote the occurrence of cell
transdifferentiation. Studies have shown that the glomerular mesangial cells exposed to high
concentration of glucose could reduce CX43, inhibit PTEN, trigger Akt phosphorylation, activate
downstream mTOR, and lead to GMC hypertrophy [23].On the contrary, overexpression of CX43 could
inactivate PTEN/PI3K/Akt/M-TOR pathway, prevent Akt and mTOR phosphorylation, and reverse GMC
hypertrophy [23]. Kuang Jy et al. [24] believed that the negative correlation between CX43 expression and
Akt/ ERK activation was caused by the direct interaction between Akt/ ERK and CX43. They found that
the T286/A305/Q308/Y313 residues and S272/S273 at the carboxyl terminus of CX43 were crucial for
its binding to Akt and ERK, respectively. In this study, Western Blot, immuno�uorescence and other studies
con�rmed that up-regulation of CX43 could inhibit the TGF-β1-induced EMT process in RTECs. We further
observed that when lentivirus shRNA-CX43 was used to decrease the expression of CX43, the
phosphorylation levels and gene expressions of Akt and mTOR were signi�cantly increased, whereas
when lentivirus OE-CX43 was used to increase the expression, the phosphorylation levels and gene
expressions of Akt and mTOR were signi�cantly decreased. All these indicate that Akt/mTOR signaling
pathway may be the downstream molecular mechanism of CX43 regulating EMT. ASV has speci�c
inhibitory effects on cell transdifferentiation and tissue �brosis, and its mechanism involves complex
signaling pathways.

Studies have shown that ASV inhibits PI3K/Akt/mTOR signal and prevents epithelial mesenchymal
transdifferentiation (EMT) process by down-regulating TGF-β1 expression [25].In this study, different
concentrations of ASV were used to intervene TGF-β1-induced Rtecs cell transdifferentiation. Compared
with the model group, ASV could reduce the expression of a-SMA, vimentin and other genes and proteins,
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and enhance the expression of E-cadherin molecule, indicating that ASV had anti-transdifferentiation
effect, which was consistent with the existing studies. After drug intervention, the expression level of
CX43 was increased and the phosphorylation level of PI3K/ Akt /mTOR was decreased in a dose-
dependent manner. Combined with existing studies, it was speculated that the inhibition of TGF-β1-
induced RTECs cell transdifferentiation by ASV might be related to the inhibition of phosphorylation of
Akt and mTOR by regulating the expression of CX43 molecule.

Conclusion
In conclusion, the signaling pathways involved in cell transdifferentiation are complex and diverse. In this
study, we focused on the relations between expression of CX43 and the activation status of
PI3K/Akt/mTOR pathway. Gap junction proteins (GJPs) play an important role in the pathological
processes of cells, tissues and organs. The gap junction protein family, especially the CX43 molecule, has
been closely associated with the development of disease. CX43 is the main material basis of functional
impairment of RTECs. Although it has been found that CX43 molecule is the upstream regulator of
PI3K/Akt/mTOR signaling pathway, relevant studies still need to be further improved in this study. Further
study on the mechanism of its action on intercellular junction communication may provide a new idea for
the development of drugs to prevent EMT of renal tubular epithelial cells by regulating CX43.

In this study, it was found that ASV could indeed affect the expression of molecules on the
PI3K/Akt/mTOR signaling pathway by regulating CX43, but this may only be a part of the mechanism of
ASV inhibiting TGF-β1-induced RTECs’transdifferentiation, which can only be regarded as a certain
theoretical support. As for whether it can be used in the clinical treatment of renal interstitial �brosis, it
still needs to be further improved in vivo experiments and clinical studies. ASV has a variety of
pharmacological activities, in-depth study of its repair mechanism of renal tubular epithelial cell damage,
as well as the improvement of clinical trials, may provide a broad application prospect for the treatment
of ESRD against renal interstitial �brosis.
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Figures

Figure 1

Comparision of the EMT-related indicators in RTECs before and after being stimulated by TGF-β1 RTECs
were observed under �uorescence microscope, and the results were shown in Figure 1. After being
stimulated by 6 ng/ml TGF-β1 for 48 h, E-cadherin in the model group was fractured and the expression
level signi�cantly decreased compared with the normal group (P < 0.01) (Figure 1-a,b), and the expression
level of α-SMA signi�cantly increased (P<0.01) (Figure 1-a,c).
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Figure 2

Comparisions of the expressions of Cx43 in RTECs before and after lentiviral transfection Lentiviral
vector was transfected into RTECs to interfere with Cx43 speci�cally and the effect was observed under
immuno�uorescence microscope. The expression of Cx43 in shRNA-Cx43 group transfected with
lentiviral vector was signi�cantly decreased compared with the model group (P<0.001), while shRNA-Con
group, which was the negative control group, showed no signi�cant change in Cx43 expression compared
with the model group (P>0.05) (Figure 2-a,b). In the OE-Cx43 group transfected with overexpressed
lentivirus-interfering vector, the expression of Cx43 was signi�cantly increased compared with the model
group (P<0.001) while in the OE-Cx43 group, the expression of Cx43 was not signi�cantly changed
(P>0.05) (Figure 2-a,b). Western blotting also con�rmed the process, which indicating that the lentivirus
interference could effectively regulate the expression of Cx43(Figure 2-c, d,e,f).
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Figure 3

Comparisions of the EMT-related indicators in RTECs before and after lentiviral transfection The lentivirus
shRNA-Cx43 was used to decrease the expression of Cx43. Immuno�uorescence results showed that
compared with the model group, E-cadherin expression was signi�cantly decreased in shRNA-Cx43
group(P<0.05) (Figure 3-a,b), while α-SMA expression was signi�cantly increased in shRNA-Cx43 group
(P<0.05) (Figure 3-a,c). These were consistent with the changes in the expression of each indicator
detected by western blot (Figure 3- d,e,f), indicating that when the expression of Cx43 was down-
regulated, the degree of EMT induced by TGF‐β1 in RTECs was more obvious. On the contrary, lentivirus
OE-Cx43 was used to reduce the expression of Cx43. Compared with the model group, the expression of
E-cadherin in OE-Cx43 group increased signi�cantly(P<0.05) (Figure 3-a,b), and the expression of α-SMA
decreased signi�cantly (P<0.05) (Figure 3-a,c). These were consistent with the changes in the expression
of each indicator detected by western blot (Figure 3-d,e,f), indicating that when Cx43 expression was up-
regulated, the degree of EMT induced by TGF‐β1 was inhibited. All these suggested that Cx43 might be
an important regulatory molecule involved in the process of EMT induced by TGF‐β1.
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Figure 4

Comparisions of the phosphorylation levels of Akt and mTOR in RTECs before and after lentiviral
transfection Under the immuno�uorescence microscope, it was found that when the expression of Cx43
was reduced by lentiviral vector transfected into RTECs, the phosphorylation levels of Akt and mTOR were
signi�cantly increased compared with the model group (Figure 4-a,b,c), and the differences were
statistically signi�cant (P < 0.05). These were consistent with the changes in the expression of each
indicator detected by western blot (Figure 4-d,e,f), which suggested that the EMT induced by TGF‐β1 in
RTECs mignt be related to the activation of Akt/mTOR pathway when the expression of Cx43 was
decreased. However, when the expression of Cx43 was increased by lentiviral vector transfection, the
phosphorylation levels of Akt and mTOR were signi�cantly reduced in the OE-Cx43 group compared with
the model group (Figure 4-a,b,c), with statistically signi�cant differences (P<0.05). These were consistent
with the changes in the expression of each indicator detected by western blot (Figure 4-d,e,f) ,which
suggested that the EMT induced by TGF‐β1 in RTECs was alleviated when Cx43 expression was up-
regulated, which might be related to the inhibition of Akt/mTOR pathway.
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Figure 5

Determination of the effective concentration of ASV CCK-8 assay was employed to examine the effects
of ASV with different concentration (10, 20, 40, 80, 120 μg/ml) on RTECs’ cell viability. The cell viability of
the normal control group was de�ned as 100%, and the ratio to the normal control group was the cell
viability of the group stimulated by ASV at different concentrations. When the concentrations of ASV
were from 10 to 80μg/ml, the cell activities increased or decreased compared with the normal control
group, but the differences were not statistically signi�cant (P>0.05). When the concentration of ASV was
120μg/ml, the cell viability was signi�cantly reduced and the difference was statistically signi�cant
(P<0.05) (Figure 5). Therefore, 10μg/ml, 40μg/ml and 80μg/ml were selected as the low, medium and
high intervention concentrations for ASV within the concentration range.
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Figure 6

Comparisions of the effects of different doses of ASV on RTECs induced by TGF‐β1 Immuno�uorescence
assay was used to detect the expression of EMT-related marker proteins E-cadherin and α-SMA.
Compared with the model group, the expression levels of Cx43 and E-cadherin increased after
intervention with 10μg/ml of ASV (Figure 6-a,b,c), while the expression levels of α-SMA decreased (Figure
6-a,d), but the difference was not statistically signi�cant P>0.05). After intervention with 40μg/ml and
80μg/ml of ASV, compared with the model group, the expression levels of Cx43 and E-cadherin increased
(Figure 6-a,b,c) (P<0.05), and the expression levels of α-SMA decreased (Figure 6-a,d) (P<0.01), with
statistically signi�cant differences. Consistent with the immuno�uorescence results, the effect was also
con�rmed by western blotting (Figure 6-e,f,h). The protein expressions of Cx43 was shown in Figure 6-i
and Figure 6-l. Compared with the normal control group, the expression level of Cx43 in the model group
was signi�cantly decreased after 6 ng/ml TGF‐β1 stimulated for 48h. While, after intervention with low-
dose, medium dose and high-dose of ASV, the expression levels of Cx43 increased compared with the
model group, and the effect showed obvious concentration dependence. As shown in Figure 6-i, 6-j and 6-
k, there were no signi�cant differences in the protein expressions of Akt and mTOR in the normal group,
model group, low-dose of ASV group, medium-dose of ASV group, and high-dose of ASV group, while the
protein expressions of p-Akt and p-mTOR were signi�cantly changed. Compared with the normal control
group, p-Akt /Akt and p-mTOR /mTOR were increased in the model group, while the ratios of p-Akt/Akt
and p-mTOR/mTOR were slightly decreased after intervention with low-dose and medium-dose of ASV,
with no statistically signi�cant difference (P>0.05). While after intervention with high-dose of ASV, p-
Akt/Akt and p-mTOR /mTOR were signi�cantly reduced, and the difference was statistically signi�cant
(p<0.01).


