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Abstract

Polycystic Kidney Disease (PKD) is a genetic disorder characterized by
uncontrolled proliferation of renal cells, with the consequent formation of cysts
and loss of renal function. Matrine has the effect of regulating autophagy, and is
considered to regulate inflammatory responses and cyst formation. Therefore,
in this study we focused on the pathological mechanism of matrine-regulated
autophagy in polycystic kidney disease, and identified some autophagy-regulated
genes. We also performed transcriptome sequencing of matrine-treated mouse
renal epithelial cells (IMCD3). The pathway analysis results showed that
signal transduction, including adrenergic signaling in cardiomyocytes, Hippo
signaling pathway, and calcium signaling pathway, which are closely related to
autophagy, comprises the main pathological changes of IMCD3 cells treated
with matrine. These results indicate that exaggerated autophagy participates
in the pathological process of polycystic kidney disease, and may provide new
insight for further basic research on PKD.
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Introduction

Autosomal dominant polycystic kidney disease (ADPKD) is
a common monogenic inherited kidney disease mainly caused
by polycystic kidney disease gene 1 (Pkdl) and polycystic kidney
disease gene 2 (Pkd2) mutations. The incidence rate of ADPKD is
approximately 1/400-1/1000 [1], and it is more common in adults.
This disease is mainly characterized by the appearance of renal
tubular epithelial cell cysts, gradual fibrosis of renal parenchyma,
and progressive decline of renal function, and eventually leads to
renal failure and end-stage renal disease (ESRD). Polycystic Kidney
Disease (PKD) is one of the four major causes of end-stage renal
disease in China [2]. According to epidemiological statistics, there
are approximately 1.5 million patients in China. ADPKD has a
high incidence and poor prognosis, thus it has received widespread
attention from society and the medical community. Patients are
often accompanied by complications such as pain, hematuria, and
intracystic infection in clinical practice. Additionally, patients may
experience several intracystic infections throughout their lifetime.
At present, the commonly used clinical drugs mainly relieve clinical
symptoms and delay renal failure by inhibiting cyst expansion and
cyst fluid secretion. There is no specific cure drug for PKD. If the

disease progresses to end-stage renal disease, then dialysis treatment
or kidney transplantation is the main method used. Nearly half
of ADPKD patients eventually require renal replacement therapy
[3]. Above all, the development of effective drugs to alleviate or
treat polycystic kidney disease is a major issue in the medical field.
Therefore, research on the pathogenesis of polycystic kidney disease
plays an important role in determining effective treatment options.
Traditional Chinese medicine is a valuable asset in China and even in
the world. Many traditional Chinese medicines or their extracts have
shown significant advantages in the treatment of various diseases.
Sophora flavescens Ait is a traditional Chinese medicinal herb, which
has been used for more than 2,000 years due to its anti-inflammatory,
antiviral, antitumor and other functions [4]. The biologically active
components of Sophora flavescens mainly include alkaloids and
flavonoids, among which matrine has a relatively high content in
alkaloids and is the most important active substance [5,6]. Matrine
also has antiviral, antitumor, antibacterial and anti-inflammatory
effects [7]. ADPKD is also an inflammatory disease characterized
by renal cysts. The results of our previous study showed that matrine
induces IMCD3 cells autophagy through the MAPK signaling
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pathway, yet the detailed molecular mechanism requires further study
[8]. This study aimed to explore the regulatory mechanism of matrine
on autophagy in renal epithelial cells, so as to provide new therapeutic
ideas for clinical treatment of patients with polycystic kidney disease.

Recently, With the development of high-throughput sequencing
technology, RNA-seq has been widely used in study the pathogenesis
of many diseases and their underling regulatory mechanisms [9-
11]. In the present study, IMCD3 cells were treated with different
doses of matrine, to perform transcriptomic analysis and reveal the
potential effects of matrine on IMCD3 cell autophagy. DEGs in the
transcriptome were validated using quantitative reverse transcription
PCR (qRT-PCR). These results will improve our understanding of the
molecular mechanism(s) underlying the effects of matrine on IMCD3
cells and will be beneficial to developing effective medicine for PKD.

Results
Matrine-Induced IMCD3 Autophagy

We treated cells with different concentrations of matrine for 24
h, and found that, compared with the blank control group, when the
concentration of matrine was lower than 0.8 mg/mL, the cell viability
did not change significantly, and when the concentration of matrine
was 1.6 mg/mL, the cell viability was significantly inhibited, as
previously reported®. Therefore, we selected 0, 0.2, 0.4, 0.6 and 0.8 mg/
mL of matrine to treat the cells, so as to detect the effect on autophagy.
As shown in Fig. 1, we found that autophagy was significantly
enhanced with increasing matrine concentration, but there is little
difference between 0.6 and 0.4 concentrations. Based on the above
data, to study the specific molecular mechanism of matrine affecting
autophagy, 0, 0.2, 0.4 and 0.8 mg/mL of matrine were chosen as the
doses in subsequent analyses.

Overall Statistical Analyses of the Transcriptome
Sequences

Through high-throughput sequencing RNA-Seq of the 16
samples, we obtained 115.79 GB clean data, and the clean data of each
sample were above 6.59 GB. Additionally, the Q30 and GC content
of the clean reads respectively ranged from 91.87 to 97.4% and 51.37
to 51.96%. The clean reads of each sample were sequenced with the
designated reference genome GRCm39 (http://asia.ensembl.org/
Mus_musculus/Info/Index), and the alignment rates ranged from
92.37% to 94.81% (Table 2), thus indicating that the quality of RNA-
seq was sufficient for the subsequent analysis. After assembly, a total
of 31,447 expressed genes were detected, including 30,647 known
genes and 800 new genes, and a total of 107,691 expressed transcripts,
including 92,262 known transcripts and 15,429 new transcripts.

Significant Impacts of Matrine on Transcriptome
Expressions in IMCD3

The principal component analysis of this study showed that
the samples of different treatments were clearly separated (Figure
2a), indicating that all of the samples were reproducible, with the
exception of A0_1 (Figure S1). Therefore, we removed A0_1 in the
following analysis. A heatmap of gene expression is shown in Fig. 2b.
The results show that these DEGs can effectively distinguish among
the samples, and that the mRNA expressions between the control
group and matrine treated group were distinctive. All of the results

showed that matrine treatment could significantly affect the gene
expression of the IMCD3 cells. In addition, the transcriptome results
showed that 46 genes were down-regulated and 46 genes were up-
regulated as a response to the 0.2 mg/mL matrine treatment; 222 were
down-regulated and 229 were up-regulated as a response to the 0.4
mg/mL matrine treatment; and 636 were down-regulated and 640
were up-regulated as a response to the 0.8 mg/mL matrine treatment
(Figure 2c).

Table 1: gRT-PCR primers.

Primer name Primer "o 3Y) Tm(C") Gene id Target gene
Usp18-F TTGGEGCTCCTGAGGAAACT 56.3 EMSAMUSGI0000030107 Usp18
Uspl3-R COATGTTGTGTAAACCAACCAGH 56
Cmpk2-F CCGGCACAGGAACCTCATE 516 ENSMUSGO00DI020E3E Cmpk2
Cmpkz-R TGEAACACCGCAGAGTTAAGE &7
1613 -F AGTGAGGTCAACCGREAATCT 576 ENSMUSGO0000062486 1itdb
1t3b R TCTAGGTGCTTTATGTAGGLCA 552
Trist15-F CCATCCTCGCAGGACTTAGT 513 ENSMUSGIO0M050395 Trtsf1s
Trist15-R CCCEAAGCATACAGTCTTITCD 56
oasd-F AGACGEAGAACAT TEGATAGATS 559 ENSMUSGOD000032661 cas3
oasi-R GOAGGAGTACACGTIGEETE 7
Zbpl-F TCTGGATGECGTITGAATTGE 551 EMNEMUSEO0000027514 Zbpl
Zbpl-R GAAATGCCAAGTGOCCAAGAL 56
feod]-F GECACAGAAGTETTCCATAMAGT 557 ENSMUSSONNINZZ126 Atodl
feod]-R GAGCCAGGOCTTCCGATAG 568
Saad-F TGLCATCATTCTTTGEATCTTGA 558 ENSMUSGOD0MIO0ZE Saad
Saai-R CCGTGAACTTETGAACAGLCT 514
Al K2 K4 K6 K&
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Figure 1: Matrine-induced IMCD3 cell autophagy. IMCD3 cells were treated
with different doses of matrine for 24 h, and LC3 was analyzed by Western
blot(A0: without matrine; K2: 0.2 mg/mL matrine; K4: 0.4 mg/mL matrine; K6:
0.6 mg/mL matrine; K8: 0.8 mg/mL matrine).

Figure 2: Significant impacts of matrine on transcriptome expressions in
IMCD3. a) Principal Component Analysis (PCA) of different concentration
of matrine treated groups, except for AO_1 (AO: without matrine; K2: 0.2 mg/
mL matrine; K4: 0.4 mg/mL matrine; K8: 0.8 mg/mL matrine). b) Heat map
of differently expressed genes (DEGs) in the matrine-treated samples (K2,
K4, K8) and controls (A0). ¢) Number of up-regulated genes (red bars) and
down-regulated genes (green bars) following different concentrations of

matrine treatment.
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Figure 3: KEGG pathway enrichment analysis of the differently expressed
genes (DEGs). a) Up-regulated pathways (left) and down-regulated
pathways (right) following 0.2 mg/mL matrine treatment. b) Up-regulated
pathways (left) and down-regulated pathways (right) following 0.4 mg/mL
matrine treatment. ¢) Up-regulated pathways (left) and down-regulated
pathways (right) following 0.8 mg/mL matrine treatment.
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Figure 4: Verification of DEGs by qRT-PCR. a) Venn diagram for the DEGs
in different doses of the matrine-treated samples and controls. b) The relative
mRNA levels of selected DEGs in the matrine treated samples and controls
were examined by gPCR. The mRNA levels by qPCR are presented as the
fold change compared with the AO sample after normalization against HPRT.

Analysis of the Differently Expressed Genes (DEGs)

In the present study, KEGG enrichment analyses were performed
on the DEGs expressed in the different doses of the matrine-treated
groups to clarify the relevant biological pathways. According to the
pvalue (< 0.05) of KEGG analysis of the up- and down-regulated
signal pathways, we identified significant up- and down-regulated
signal pathways of the 0.2 mg/mL matrine-treated group compared
to the control group (Figure 3a & Figure S2a). The up-regulated
DEGs were enriched in the digestive system, including gastric acid
secretion and pancreatic secretion. In contrast, the down-regulated
genes were enriched in the cholesterol metabolism, influenza A,
measles and NOD-like receptor signaling pathway, among which
NOD-like receptor signaling has a role in regulating autophagy [12].
As for the 0.4 mg/mL matrine treated group, we found that, compared
with the control group, the up-regulated DEGs are enriched in signal
transduction, including adrenergic signaling in cardiomyocytes
[13,14], Hippo signaling pathway [15,16], Apelin signaling pathway
[17] and calcium signaling pathway [18,19], and these are closely

Table 2: Summary of RNA-seq data.

Sample  Raw reads Raw bases 3:3? Clean bases f;;:('*} Q20(%) ©30(%) GE content(k)
Al 47241248 7133428448 45420118 6800430100 0.0266 9727 8273 5189
Q2 SIT2EETD TIELT2T1ITO 1750708 T5TOTO4565 a.02712 a7.04 92.22 5L80
AL 3 AE035844 351412444 45303426 6647470618 Q.0274 96.9% 92068 S5LT7
A4 45102138 Tal4472838 AR0E3T4E T4 2005631 0265 4731 42.82 5182
K21 ALETE072 BASGAIGATZ A49T3ETE 6568423551 D264 ar.at 4294 5141
Ko_? AWITT2HZ Toa6569562 49171488 Qs LrreTy Q0263 ara 93.03 5184
K23 AFHZE24 7335320424 43075850 7145111327 0264 av.35 $29 9154
K24 Sha31162 B355005462 54173080 1420801556 0.0267 ar.2e 9269 5137
K41 52836702 TITEHE4A002 51811850 TI52462045 0.0276 9E.5% 38T SL5E
K42 S016EETE 7575500276 43353344 7253347522 Q.027 9713 9238 5174
K43 55471404 BITE1ER004 54355354 TRMIGITET Q.0271 arl 92.35 518
K44 456809646 TSZ1256546 48835620 7141063635 0.0274 9E.97 9205 5196
K31 46793988 Toesa52188 45918008 GT22TBaT9Y Q0263 974 4298 51,88
Ka 2 51972212 TAATANMO2 BOTE1080 7427027063 0.027% 9R491 4197 51491
K83 AG7AIT2R TH11302928 A35TEITE TLOMETOE QU265 973 $2.92 51.96
K4 S4580430 BI0A044930 53664413 TH11824763 0265 a7.32 42.8% 51.8¢

related to autophagy. The down-regulated genes were also enriched
in signal transduction, including the NOD-like receptor signaling
pathway, Il-17 signaling pathway, AGE-RAGE signaling pathway in
diabetic complications, and Chemokine and JAK-STAT signaling
pathways, among which the NOD-like receptor signaling pathway,
IL-17 signaling pathway [20], AGE-RAGE signaling pathway [21] and
JAK-STAT signaling pathway [22] regulate autophagy (Figure 3b &
Figure S2b). The DEGs between the control group and 0.8 mg/mL
matrine-treated group were also analyzed by KEGG categories (Figure
3¢ & Figure S2c). The up-regulated enriched pathways were mainly
related to calcium signaling pathway, Rapl signaling pathway, apelin
signaling pathway and MAPK signaling pathway [23]. In addition to
the Rapl signaling pathway, these pathways have been reported to
play important roles in autophagy. The down-regulated genes were
enriched in the NOD-like receptor signaling pathway, Il-17 signaling
pathway, JAK-STAT signaling pathway and TNF signaling pathway.
Furthermore, the I1-17, JAK-STAT and TNF signaling pathways [24]
are related to autophagy.

From the above results we observed that, compared with the
control group, when the concentration of matrine was 0.2 mg/mL,
the genes related to external stimuli were mainly altered. With the
increasing concentration of matrine, there were significant changes
in the genes involved in cell autophagy. This is consistent with our
Western blot results, which showed that autophagy was significantly
enhanced with increasing matrine concentrations.

Verification of DEGs by qRT-PCR

Autophagy plays an important role in the pathogenesis of PKD.
We found that 0.2, 0.4 and 0.8 mg/mL matrine all induced IMCD?3 cell
autophagy (Figure 1). Next, we compared the DEGs in different doses
of the matrine-treated group and selected 78 co-expressed DEGs
(Figure 4a). We verified some of these differentially expressed genes
obtained from RNA-seq by qRT-PCR (Figure 4b).

As shown in Fig 4b, for all selected genes, the fold-change values
obtained for the matrine-treated sample versus the control sample in
the results of the qPCR analysis were consistent with those obtained
by RNA-seq.
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Verification of DEGs by qRT-PCR

Autophagy plays an important role in the pathogenesis of PKD.
We found that 0.2, 0.4 and 0.8 mg/mL matrine all induced IMCD?3 cell
autophagy (Figure 1). Next, we compared the DEGs in different doses
of the matrine-treated group and selected 78 co-expressed DEGs
(Figure 4a). We verified some of these differentially expressed genes
obtained from RNA-seq by qRT-PCR (Figure 4b). As shown in Fig 4b,
for all selected genes, the fold-change values obtained for the matrine-
treated sample versus the control sample in the results of the qPCR
analysis were consistent with those obtained by RNA-seq.

Discussion

The pathogenesis of polycystic kidney disease is quite complex,
and the treatment methods are limited. It has been reported that
autophagy is closely related to the pathogenesis of polycystic kidney
disease, and is anticipated to be a new method for the treatment of
polycystic kidney disease [25,26]. Increasing numbers of studies have
focused on the role of renal autophagy in PKD [27-29]. Matrine is
a novel autophagy inducer [30-32] that can induce autophagy in
IMCD3 cells, but the molecular mechanism of matrine-induced
autophagy in IMCD3 cells remains unclear. The goals of this study
were to analyze the transcriptomes of the matrine-treated group and
the control group, determine the autophagy-related genes that change
with the matrine concentration gradient, and reveal the detailed
molecular mechanism of matrine-induced autophagy.

Along with the development of sequencing technology and the
diversification of sequencing methods, our knowledge of diseases
ranges from simple morphology and histopathology to complex
molecular pathology, and we now possess a more comprehensive and
in-depth understanding of the pathogenesis of diseases. However, at
present no studies have completely revealed the pathogenesis of PKD,
thus necessitating molecular pathological research on PKD.

In the present study, we treated IMCD3 cells with matrine to
induce autophagy, and constructed a new database by means of RNA-
seq. Through gene differential expression and KEGG analysis and
other methods, we found that, with the increase of the matrine dosage,
the signaling pathways regulating autophagy gradually underwent
significant change. When the concentration of matrine reached 0.4
mg/mL and 0.8 mg/mL, the most highly enriched pathways were the
Adrenergic signaling in cardiomyocytes, as well as Hippo, apelin,
calcium, MAPK, NOD-like receptor, Il-17, JAK-STAT and TNF
signaling pathways, along with AGE-RAGE signaling pathways
in diabetic complications (Figure 3b, c). It has been demonstrated
that all of these signaling pathways are important in the process of
autophagy [33,34]. Alterations in the signals, will drive autophagy-
related diseases such as heart disease [13], neurodegenerative diseases
[19] and cancer [15,17]. Furthermore, most of the above signaling
pathways are important in the development of PKDs. Recently,
the Hippo signaling pathway was found to possibly play a role in
Polycystic Kidney Diseases (PKDs) by regulating renal cyst formation
[35]. The apelin signaling pathway plays diversified roles in kidney
disease, and apelin is a promising therapeutic target for PKD [36].
Calcium signaling participates in kidney cyst formation in ADPKD,
and functional loss of either PC1 or PC2 leads to calcium signaling
disruption, thus clarifying that the function of calcium may identify

new targets for ADPKD treatment [37]. The JAK/STAT signaling
pathway regulates cyst growth, and STAT proteins were found to be
abnormally activated in the kidneys of PKD [38]. Previous research has
identified the TNF superfamily (TNFSF) as a new disease mechanism
involved in cystogenesis and cystic growth, and this discovery may
lead to a new therapeutic approach in ADPKD [39].

As shown in Figure 1, autophagy was enhanced with the increase
of matrine concentration, exhibiting an obvious concentration
gradient dependence. Therefore, we selected the genes that altered
with the matrine concentration gradient among the 78 genes for
further analysis. Among the 78 differentially expressed genes, the
expression of 12 genes changed with the concentration of matrine,
10 of which were existing genes in major databases. Four of these
10 genes had been reported to be associated with autophagy, while
(TNESF15, VLDLR, LDLR) are differentially expressed up-regulated
genes, and the remaining one (USP18) is a differentially expressed
down-regulated gene. TNF superfamily member 15 (TNFSF15) was
the most differentially expressed up-regulated gene among all seven
genes. Up-regulating TNFSF15 expression leads to increased risk of
Inflammatory Bowel Disease (IBD)-induced pyruvate dehydrogenase
kinase 1-dependent bacterial uptake, and promotes intracellular
bacterial clearance through up-regulation of autophagy in human
macrophages [40]. One study reported that the VLDL receptor
(VLDLR) facilitates the uptake of triglyceride-derived fatty acids, in
turn restraining retinal autophagy. Since fatty acid uptake is reduced
in VIdlr-/- mouse tissues, mice are prone to form the neovascular
lesions reminiscent of Retinal Angiomatous Proliferation (RAP) [41].
LDLR is a well-known low-density lipoprotein (LDL) receptor closely
related to autophagy. Previous research has found that cholesterol
accumulation in lysosomes via up-regulated LDL receptor (LDLR)
expression, thus significantly reducing cell autophagy by inhibiting of
LC3 maturation, p62 degradation and autophagosome formation [42-
44]. Ubiquitin specific peptidase 18 (USP18) is a positive regulator
of autophagy and autophagic flux, due to its catalytic activity.
Paclitaxel has been reported to down-regulate USP18 expression and
inhibit autophagy, thereby overcoming paclitaxel resistance in breast
cancer®. Finally, DeISGylation of BECN1 by USP18 promotes the
activity of class III PtdIns 3-kinase and autophagy stimulated by type I
IFN*. Overall, the differentially expressed up-regulated genes VLDLR
and LDLR inhibited autophagy, while the differentially expressed
down-regulated gene USP18 promoted autophagy. These results
were inconsistent with our experimental results, wherein matrine
concentration-dependently induced autophagy. Only the observation
that the differentially expressed up-regulated gene TNFSF15 promotes
autophagy was consistent with our matrine treatment results.
Therefore, we speculate that matrine may promote autophagy by
regulating the expression of TNFSF15. In the future, we will further
explore the role of TNFSF15 in matrine-induced autophagy.

In conclusion, we identified differentially expressed genes in the
untreated and matrine-treated groups. We also identified 12 genes that
changed with the concentration gradient of matrine, and observed
that matrine may have regulated the TNFSF15 gene, which is closely
related to autophagy. The results of this study may provide new
insights into understanding the molecular mechanism of autophagy
in polycystic kidney disease.
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Materials and Methods
Cell Lines and Culture

IMCD3 cell (Shanghai Shunran Biotechnology Co., Ltd.) was
inoculated in a high-glucose medium (Solebo, 12100) containing
10% fetal bovine serum (GEMINI, 900-108) and 1% penicillin and
streptomycin at 37°C in a 5% CO, incubator.

Sample Preparation

The IMCD3 cells treated with different doses of matrine were
collected after 24 h, and the cells were then immediately washed
in 0.8% Diethylpyrocarbonate (DEPC)-treated physiologic saline
solution to remove the attached leaf pieces, then frozen in liquid
nitrogen. The total RNA was extracted for transcriptomic analyses.

RNA Isolation, cDNA Library Preparation and RNA-seq

All of the procedures of RNA-seq were conducted by Majorbio Co.
(Shanghai, China). The total RNA was isolated from the IMCD?3 cells
using Trizol reagent (Life Technologies) following the manufacturer’s
protocols. The RNA integrity and concentrations were examined
with an Agilent 2100 Bioanalyzer (Agilent Technologies, USA) and
Nanodrop2000. The mRNA was enriched with Oligo(dT) magnetic
beads (Epicentre, USA), and fragmented into short fragments using a
fragmentation buffer. These short fragments were reverse transcribed
into ¢cDNAs with random primers to create ¢cDNA libraries. The
obtained cDNA libraries were sequenced on the Illumina Novaseq
6000 platform.

Assembly and Functional Annotation

The raw data were filtered with the FASTQ_Quality_Filter
tool from the FASTX-toolkit (http://hannonlab.cshl.edu/fastx_
toolkit/, Version 0.0.14). Next, Trinity software (https://github.com/
trinityrnaseq/trinityrnaseq, v2.8.5) was used to assemble all sample
clean data from scratch. TransRate (http://hibberdlab.com/transrate/,
v1.0.3) 30 and BUSCO (Benchmarking Universal Single-Copy
Orthologs, http://busco.ezlab.org, v3.0.2) were used to optimize and
evaluate the assembly. All assembled transcripts were compared with
six major databases (NCBI_NR, NCBI non-redundant protein library;
Swiss-Prot; PFAM; COG, clusters of orthologous groups of proteins;
GO, gene ontology; and KEGG, Kyoto Encyclopedia of Genes and
Genomes) to obtain the annotated information for each transcript.

Analysis of Differentially Expressed Genes

The transcriptome data were analyzed using the free online tools
of the Majorbio Cloud Platform (http://www.majorbio.com). The
FPKM (fragments per kb per million reads) method [25] was used
to calculate the expression levels of the unigenes, thus eliminating
the effects of different gene lengths and sequencing levels. The
differentially expressed genes (DEGs) were analyzed by DESeq2
(http://bioconductor.  org/packages/stats/bioc/DESeq2/,  v1.24.0)
as described by Love et al [47]. The significance threshold for the
differential expression was padjust < 0.05 and |log,FC|> = 1. Next,
all DEGs were subjected to enrichment analysis for the GO function
and KEGG pathway, which were considered significantly enriched at
P value_uncorrected < 0.05.

Validation of Candidate Genes by qRT-PCR

Next, we used qRT-PCR to verify the DEGs recognized by
transcriptome. The total RNA was extracted from the transcriptomic
analyzed samples using Trizol reagent (Life Technologies), then
treated with DNase I (Fermentas, Glen Burnie, MD, USA). We reverse
transcribed 1 pg of the total RNA per sample into complementary
DNA (cDNA) using a PrimeScript RT Reagent Kit (Takara). Real-
time PCR was performed using Talent qPCR Pre-Mix SYBR Green
(Tiangen, China) on a QuantStudio™#6 Flex Real-Time PCR System
(Applied Biosystems™). The expression levels of each gene were
calculated using the 27 method, and HPRT served as the reference
gene. All of the primers used are listed in Table 1. All results are
representative of two to three independent biological experiments.
The data were analyzed with GraphPad Prism 6.

Data Availability Statement

The datasets generated during the current study are available in
online repository. The names of the repository and accession number
can be found below: NCBI under accession PRJNA883545 for data of
RNA-seq.
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