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Background: Uteropelvic junction obstruction (UPJO) is a common surgical condition, which refers to the
blockage of urine flowing through kidney into proximal upper ureter. However, the underlying mechanism
of UPJO is poorly understood, especially the regulated and targeted genes of sirtuin 1 in UPJO.

Methods: We sequenced three renal tissues on the obstructed side of independent children with <20%
differential renal function (DRF) and three samples with >40% DRE. Gene expression values were obtained
and compared for differentially expressed genes (DEGs). Protein-protein interaction (PPI) analysis was
conducted to identify the overlapping proteins of DEGs and Sirtuin 1 (SIRT1). The co-expression genes of
overlapped genes were computed using Pearson correlation coefficient. The potential role of SIRTI gene in
UPJO was explored by resequencing 3 microarray data from RNA interference (RNAi) SIRTT1 lines of renal
tubular epithelial (NRK52E) cells in rat and three control datasets were sequenced again. The DEGs were
obtained as parallel. GO/KEGG enrichment analysis and co-expression network were conducted to explore
the underlying mechanism, particularly shared pathways or function in GO/KEGG enrichment analysis
results.

Results: A total of 427 up-regulated genes and 1,099 down-regulated genes were identified among 3 mRNA-
seq of renal tissue on the obstructed side of the independent children with <20% DRF and 3 samples with
>40% DRF. According to prediction using the Search Tool for Retrieval of Interacting Genes/Proteins, 2
PPIs, FOXO1 and PPARGCIA, were identified among 2,524 DEGs, predicted as targets of SIRT1. Gene set
enrichment analysis (GSEA) of their co-expression genes showed they may co-participate in biological activities
including fatty acid degradation, regulation of signal transduction by p53 mediator. Moreover, GSEA results of
DEGs was confirmed through RNAi SIRT' lines of rat renal tubular epithelial (NRK52E) cells.
Conclusions: UPJO may cause abnormal phenotypic changes of renal tubular epithelial cells through
SIRT1/FOXO1 mediated protein transport, establishment of protein localization, and intracellular transport.
In addition, UPJO is involved in regulation of signal transduction, regulation of intracellular estrogen
receptor signaling pathways, and nucleoprotein localization through SIRT1/PPARGCI1A-mediated p53

mediators, causing abnormal phenotypic changes in renal tubular epithelial cells.
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Introduction

Ureteropelvic junction obstruction (UPJO) is a common
congenital surgical condition (1-3). It involves blockage
of the flow of urine through the kidney into proximal
upper ureter. The pathogenesis of UPJO can be explained
by gross changes in the ureteral wall (4,5). The majority
of UPJO cases are congenital and caused by mechanical
ureteral obstruction (4,6). Timely treatment of UPJO
is important to avoid chronic infection, urolithiasis, and
frequent deterioration of renal function (7,8). Although
UPJO be addressed surgically, some patients still experience
kidney disease after surgery. The damage does not recover
or even progresses, and the long-term renal function
deteriorates, eventually requiring hemodialysis and kidney
transplantation, which seriously affects the quality of life
of children and their families (9-11). Although it is a fairly
common disease, there is still a lack of understanding of the
underlying mechanism of UPJO. Recently, several studies
have reported that many different proteins participate in
regulating the formation of mechanical ureteral obstruction
and leading to UPJO (12). However, in-depth research on
the regulation mechanism of early renal injury in obstructive
nephropathy, early diagnosis and early treatment, and
delaying the renal function damage caused by obstructive
nephropathy, has great economic and social significance in
the familial and broader social settings.

Silent information regulator factor 2-related enzyme
1 (Sirtuin 1, SIRT1) is an important protein of the class
IIT histone deacetylases family, which performed as a
nicotinamide adenine dinucleotide-dependent deacetylase,
participating in deacetylating histone proteins and other
transcription factors. SIRT could also regulate many
different biological processes such as gene transcription,
energy metabolism, and oxidative stress (13-24). Abundantly
expressed in the kidney, SIRT'1 participated in renal
physiologic and pathologic phenotypes. In addition to the
unilateral ureteral obstruction model, the up-regulation
of SIRT1 in murine renal medullary interstitial cells was
reported to repress the COX2 level during oxidative stress-
induced to recovery the interstitium from inflammation
and fibrogenesis (25). Moreover, the SIRT'1 knockout mice
was showed to be impairment of angiogenesis, reduction
of matrilytic activity, and retention of the profibrotic
cleavage substrate tissue transglutaminase as well as
endoglin-accompanied MMP-14 suppression (26-28).
Recovery of MMP-14 expression in SIRT1-knock out
mice was reported as many phenotypic changes including
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improving the angiogenic and matrilytic functions of the
endothelium, inhibiting renal dysfunction, even attenuating
nephrosclerosis (29). SIRT1 is a promising drug targeting
for inhibiting the progression of nephrosclerosis. There
have been some experiments of acute nutrient withdrawal
which have mentioned that the forkhead transcription factor
Foxo3a could be stimulated during interacting with p53
(25,30). Through combining 2 p53 binding sites at SIRT'1
promoter, Foxo3a could induce the transcription of SIRT1.
However, the role and potential mechanism of the
SIRT1 and its target gene FOXO1/PPARGC1A in UPJO
remain unclear. We firstly investigated the regulatory role
of SIRT1 and its downregulated gene expression during
UPJO through RNA sequence. Therefore, we explored
the expression change of genes regulated by SIRT1 in
RNAI SIRTT lines of rat renal tubular epithelial (NRK52E)
cells, in which the expression of SIRT'I was knocked down.
Concurrently, we compared the differential expression
between messenger RNA (mRNA)-seq data of the renal
tissue on the obstructed side of children with <20% DRF
and 3 samples with >40% DRE. To further explore SIRT1,
we analyzed its effect based on the prediction of protein-
protein interaction (PPI). We studied the related signaling
pathway through Gene Ontology/Kyoto Encyclopedia of
Genes and Genomes (GO/KEGG) enrichment analysis
and conducted SIRT1-related co-expression network. In
summary, the aim of our study was to examine the potential
mechanism of the SIRT1 and its target gene FOXO1/
PPARGC1A in UPJO. We present the following article in
accordance with the MDAR reporting checklist (available at
https://dx.doi.org/10.21037/tau-21-752).

Methods
Clinical data acquisition and extraction

The mRNA-seq samples were from renal tissue on the
obstructed side of the independent children with unilateral
UPJO undergoing surgical treatment from Department of
Pediatric Urology, Shengjing Hospital of China Medical
University, the differential renal function in the treatment
group was less than 20%, indicating severely impairment,
while it was greater than 40% in the control group,
indicating that the renal function was not impaired or was
slightly injured. The admission criteria for children in
the treatment group was the renal dynamic scan, which
indicated that their renal function was less than 20%. The
entry criteria for children in the control group was that
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the radionuclide examination indicated that their kidney
function was greater than 40%. The age of children at
the time of surgery ranged from 6 to 18 weeks, or 1.5 to
5 months, and all participants were boys. Specimens of
kidney tissue were acquired from the children during
surgery. After the samples were collected, they were placed
directly in liquid nitrogen, and then transferred to storage
at —80 °C until the time of inspection. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by institutional Ethics
Review Board of Shengjing Hospital of China Medical
University (No. 2013PS81K) and informed consent was
taken from all the patients.

Cell culture, transfection and RT-qgPCR

Normal rat kidney 52E (NRKS52E) cells were purchased
from American Type Culture Collection (ATCC), cultured
in Dulbecco’s modified Eagle medium (DMEM; Gibco,
Life Technologies, Carlsbad, CA, USA) containing 10%
heat-inactivated fetal bovine serum (FBS; Corning,
Corning, NY, USA) and 1% antibiotic-antimycotic (Gibco,
Life Technologies, USA).

The small interfering RNA (siRNA) of SIRT1 was
transfected in the NRKS52E cells using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. RT-qPCR was used to detect
the expression SIRTT after transfection for 24 h.

Differentially expressed genes

The samples were grouped based on the information of the
samples, and the differential expression values of sequencing
data were calculated by R package edgeR (https://cran.
r-project.org/web/packages/edgeRun/edgeRun.pdf) (31)
and balltown software. Based on the cutoff of false discovery
rate (FDR) value 0.05, differentially expressed genes (DEGs)
from the mRNA-seq were determined with the following
threshold value: log2 Ifold change (FC)| =1.2, and DEGs
from the microarray data were determined with the
threshold value log2 |fold changel =1.5.

PPI network prediction

The online tool of Search Tool for Retrieval of Interacting
Genes/Proteins (STRING) (32) was used to predict the
PPI of the SIRTI gene. At the same time, the required
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confidence (combined score) >0.7 was selected as the
threshold value of PPI.

Construction of co-expression network

A co-expression network was constructed with gene pairs
with Pearson correlation coefficient (PCC) values calculated
by R of greater than 0.99. The co-expression network is
displayed by Cytoscape (https://cytoscape.org/) (33).

GO/KEGG enrichment analysis

Based on the GO (34) and KEGG pathway databases (35),
the candidate genes were used to conduct GO/KEGG
functional enrichment. The statistical algorithm (Fisher’s
exact test) was used to determine which specific functional
items were most related to a group of genes. Each item in
the analysis results corresponds to a statistical P value to
represent significance. The smaller the P value, the greater
the relationship between the item and the input genes,
that is, most of the genes in the group had the function
described by the term. The whole analysis procedure was
showed in Figure 1.

Statistical analysis

GraphPad Prism 8 were performed for analysis. R package
edgeR (https://cran.r-project.org/web/packages/edgeRun/
edgeRun.pdf) was used to calculate the differential
expression values. Retrieval of Interacting Genes/Proteins
(STRING) was used for PPI network prediction. Cytoscape
(https://cytoscape.org/) was performed for construction
of co-expression network. The mRNA expression
quantification was perform using 2™**“" values. Statistical
significance was defined as P<0.05.

Results
Identification of DEGs

A total of six mRNA-seq samples were available for further
analysis, including three samples from the renal tissue on
the obstructed side of the independent children with less
than 20% DRF and three samples from renal tissue on the
obstructed side of the independent children with greater
than 40% DRE. The gene expression values in these samples
were obtained and compared for DEGs between samples
of renal tissue on the obstructed side of the experimental
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Figure 1 Flow diagram of the analysis procedure: data sources, preprocessing, analysis and validation. GO, Gene Ontology; KEGG, Kyoto

Encyclopedia of Genes and Genomes; UPJO, ureteropelvic junction obstruction.

group and the three control group samples. Accordingly,
1,427 up-regulated genes and 1,099 down-regulated genes
were acquired in the mRINA-seq data sets from the renal
tissue on the obstructed side of the experimental group
samples versus the control group samples (Figure 2A4).
The up-regulated genes included ADIPOQ, GSTTI, and
GSTM]I, among others, while the down-regulated genes
were KCNEIB, RGPD2, and HLA-DRBS5, among others.
In addition, 3 microarray data from RNAi SIRT1 lines of
rat renal tubular epithelial (NRK52E) cells and 3 control
microarray data were sequenced to explore the potential
role of genes regulated or targeted by SIRTI in UPJO.
Similarly, the expression levels of genes in these samples
were obtained for computing the DEGs. As a result, there
were 2,382 up-regulated genes and 2,138 down-regulated
genes in RNAi SIRT'1 lines of rat renal tubular epithelial
(NRKS52E) cells, respectively (Figure 2B). The up-regulated
genes included Wrb, Collal, Fam198b, and others, while the
down-regulated genes were Lox/2, Plscrl, Nucks1, and so on.

Prediction of the target genes of SIRT1 in UPFO

Firstly, the proteins that interact with SIRT'1 were predicted
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using the online tools in STRING. From the perspective
of PPI network of SIRT1 (Figure 34), the interacting
relationships covering 11 proteins were shown clearly.
For example, SIRT1 protein was shown to interact with
FOXO1, PPARGCIA, EP300, and so on. Among these
interacted proteins, SIRT1 and HDACI are members of the
histone deacetylases family (36). To further ensure the key
target genes of SIRT1, overlap analysis was conducted on
DEGs from RNA-seq and the SIRT I-interacted proteins
(Figure 3B). We took all 2,526 up/down-regulated genes
(DEGs) from mRNA-seq samples of the renal tissue on the
obstructed side of the experimental group versus the control
group samples to analyze the overlap with SIRT 1-interacted
proteins. Then, there were only 2 overlap genes remaining
of potential importance in the pathways related with SIRT'1.
The 2 genes were FOXO1 (log2FD =-0.30, P=0.035) and
PPARGCIA (log2FD =-0.62, P=0.0002), which may be the
target genes of SIRT1 in UPJO.

The prediction of pathway related to SIRT1 through the
co-expression network

Firstly, FOXO1 gene was selected for construction of its
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Figure 2 Volcano maps of differential expressed genes. (A) A volcano map of differential expressed genes from mRNA-seq samples of renal
tissue on the obstructed side of children with less than 20% DRF versus the 3 samples with greater than 40% DRF; (B) a volcano map of
differential expressed genes from RINAi SIRTT lines of rat renal tubular epithelial (NRKS52E) cells versus control samples. The x axis in the
map is the fold change of relative expression rates between the 2 samples (with logarithmic treatment), and the y axis is the statistical test
value, i.e., P value. The higher -log10 (P value) was, the more significant the difference was. Each dot in the graph demonstrated a gene, the
red dot shows the up-regulative gene, the blue dot indicates the down-regulative gene, and the gray dot indicates no significant difference
gene. DRE, differential renal function; mRNA, messenger RNA.

ARNTL
DEGs PPI

: I RPS19BP1
\O

Figure 3 PPI network of SIRT1 and its Venn diagram. (A) Nodes represent genes and edges indicate interaction between 2 proteins. The
more edges connected to a node, the more important the protein is in the network. (B) Venn diagram of 2 gene sets. One gene set in red
represents the DEGs obtained from the mRNA-seq data of the renal tissue on the obstructed side of the independent children with <20%
DRF versus samples with >40% DRF. The other gene set in blue indicates the proteins interacted with SIRTT gene. PPI, protein-protein
interaction; DEG, differentially expressed gene; DRE, differential renal function.
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co-expression networks, respectively. Firstly, co-expression
FOXOL1 and its GSEA were mainly identified based on
their intersecting PCC values, the results showed the
co-expression genes of FOXOI were shown to include
ZC3HIS, 7773, ANO10, INVS, and UBE2G1 (Figure 4A).
We conducted enrichment analysis of the down-regulated
genes from mRINA-seq samples of the renal tissue on the
obstructed side of the experimental group due to the down-
regulation gene FOXOLI. Positive expression with FOXO1
was detected in these genes. Through GO enrichment
analysis of FOXO1I, the co-expression genes were shown to be
mainly enriched in the process of carboxylic acid metabolism,
organic acid metabolism, monocarboxylic acid metabolism,
carboxylic acid decomposition, and other biological processes
(BP; Figures 4B). In KEGG pathways, they mainly involved
in metabolic pathways, fatty acid degradation, and the
degradation of valine, leucine, and isoleucine (Figure 4C).
Moreover, the heatmap of GO enrichment analysis results
(Figure 5A) and the heatmap of GO enrichment analysis
results with the fold change of gene expression (Figure 5B)
were also proved that the co-expression genes were enriched
in those biological processes.

Then, co-expression PPARGC1A and their GSEA were
mainly demonstrated dependent on their intersecting
PCC values (Figure 6A4), and the co-expression genes of
PPARGC1A4 included GOLIM4, CHORDCI1, ZNF470,
SLTM, KIF16B, and so forth. The co-expression genes of
PPARGCIA were subjected to GO (Figure 6B) enrichment
analysis. The co-expression genes of PPARGCIA were
mainly enriched in the GO terms of protein localization
to nucleolus, regulation of signal transduction by class p53
mediator, monocarboxylic acid metabolism, carboxylic acid
decomposition, and other BP (Figures 6B,7A4,7B), while
there were no significant enriched terms in the analysis of

KEGG pathway for them.

Further validation of pathways related to SIRT1 in RNAi
SIRT1 lines of rat renal tubular epithelial (NRKS2E) cells

To further validate the pathways related to SITR1, we
conducted the GO enrichment analysis of up-regulated
genes in RNAi SIRT'1 lines of rat renal tubular epithelial
(NRKS52E) cells versus control samples. After RNAi SIRT1
lines of rat renal tubular epithelial (NRK52E) cells, RT-
qPCR was performed to confirm that the expression of
SIRT1 in SIRT1-RNAi NRKS52E cells was significantly
downregulated (Figure S1). However, there is not significant
phenotype change of NRKS2E cells before and after RNAi
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Sirt transfection (photos were not showed). The analysis
results suggested that these genes are mainly enriched in
BP such as positive regulation of protein metabolism, tissue
development, regulation of protein metabolism process, and
regulation of signal transduction (Figure 8§4). The KEGG
pathway enrichment analysis revealed that they were likely
involved in cancer associated proteoglycan, AGE-RAGE
signaling pathway, FOXO signaling pathway, endocrine
resistance, and other signaling pathways (Figure §B).

Next, we performed Venn diagram analysis of the above
GO terms and FOXO1/PPARGCIA co-expression gene
enrichment results (Figure 8C,8D). On the one hand, it was
revealed that FOXO! co-expressed gene enrichment results
and RNAi sirtl cell lines’ enrichment results shared 85
GO BP terms (1able 1), mainly including protein transport,
establishment of protein localization, intracellular transport,
regulation of ubiquitin-dependent protein catabolism, and
other biological processes. Accordingly, UPJO may cause
abnormal phenotypic changes of renal tubular epithelial
cells through SIRT1/FOXO1 mediated protein transport,
the establishment of protein localization, and intracellular
transport. On the other hand, it was shown that PPARGC1A4
co-expression gene enrichment results and RNAi SIRT1
cell lines’ enrichment results shared 21 GO BP terms
(Table 2), including p53-type mediators to regulate signal
transduction, the regulation of intracellular estrogen
receptor signaling pathways, nuclear protein localization
and other BP. Overall, is was determined that UPJO
regulates signal transduction, regulation of intracellular
estrogen receptor signaling pathways, and nucleoprotein
localization through SIRT1/PPARGCI1A-mediated p53
mediators, causing abnormal phenotypic changes in renal
tubular epithelial cells.

Discussion

The disease UPJO is characterized by the blockage during
urine flowing through the kidney into proximal upper
ureter. The pathogenesis of UPJO is related to gross
changes in the ureteral wall (4,5). Therefore, we analyzed
samples from the renal tissues of children with DRF <20%
and >40%. There were 427 up-regulated genes and 1,099
down-regulated genes obtained from the datasets from
the renal tissues of children with DRF <20% versus with
samples with DRF >40%. Differential analysis was also
performed in the RINAi SIRT1 cell lines and control cell
lines, which indicated the expression changes of genes might
be regulated or targeted by SIRT1 in the UPJO-related
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Figure 4 The co-expression network of gene FOXOI and their GSEA. (A) The co-expression network of gene FOXOI1. (B) GO
enrichment analysis of the co-expression genes of FOXOI. The x axis demonstrated the GO term, and the y axis show the enrichment
level, corresponding to the height of the column. The greater the enrichment score value, the more significant the GO term is enriched.
The 3 colors represent 3 categories: biological process (BP), cellular component (CC) and molecular function (MF). (C) KEGG pathway
enrichment analysis of the co-expression genes of FOXO1. The vertical axis showed the KEGG pathway name, and the horizontal axis
represents enrichment score. The larger the value, the greater the enrichment degree. The size represents the genes’ number in the pathway,
and the color of the point represents the different P value. GSEA, gene set enrichment analysis; GO, Gene Ontology; KEGG, Kyoto
Encyclopedia of Genes and Genomes.

© Translational Andrology and Urology. All rights reserved. Transl Androl Urol 2021;10(11):4192-4205 | https://dx.doi.org/10.21037/tau-21-752



4199

Translational Andrology and Urology, Vol 10, No 11 November 2021

"oua8 passardxa Ajfenuaiofip ‘03 (I ‘480103u()

suan) ‘0N ‘(udunean orupreso] YIm) sopdures om) o3 ULIMIAQ BT UOISsaIdxo ouas Jo aFueyd proy oy saredrpur ajdind ur 10700 oY T, ‘W) OL) o syudsaxdax sixe £ oy
pue ‘soyFr(q oy syuasardar sixe x oy T, *(Qusunean sruryireSor ypis) sopdures oma o usamIdq 16T uorSsaIdxd duds Jo AFuLYd Ploj Y IM SINSII SISA[RUR JUSWYILIUD ()
Jo deuneoy oy T, () ‘synsar sisA[eue JuswyoLus OO jo deuneay oy [, () *Souag passardxe-o0o pue )X () WO SINSII SISA[EUR JUSWYOLIUD ()F) jo deuneay oy, ¢ 2andry

sseo0.d olj0geIeW punodwod usboyu™ie|n||8o
$58004d " 0lj00BIBW 8|0Ad0IB18Y

ss8204d 2lj0gRIOW pUNOdWOY dewWoIe Jen||8d
ss9004d olj0gelaW pUnodwod BuluIelU0-8SEBqOa[ONU
$s9004d Olj0gBIOW YNY O uonenbas

uoissaldxa auab

$s9004d olj0gRIOW JBIN||99 J0” uonenbal aAnebau
sse00.d lj0gBIeW ™ UIBl0Id JeN||90 J0~ uonenbal
sseo0.d oljogelew uleloid jo uonenbes

0S°0- || esesswAjod yYNY Aq uonduosuely jo  uonenbes
Alquasse jusuodwoo Jejn||9o
Jodsuely soueisqns” oluebio
Sv0- Jodsuelsuisjoid
Hodsuely epndad
uolez|[eo0| ulejoid o Juswysigelse
ov'0- B 1odsuel Je[n|j@oejul
] uolezieoo|” uiejoid Jen||9o
ss9004d Olj0gBIOW YNY
Ge0- '] B [ $$8004d0lj0qleW™ SnJoydsoyd jo~ uonenbel
6 [ | Buisseoold WNH -
0Odcbo| ] uononpsuesy [eubis Jen|jedeaul jo  uoienbai
|| [ ]| uoissaidxe eualb jo uonenbais eAnebau
uonejAloydsoyd jo  uonenbal
“ n “ $s9204d 21j0gelOW UIejoid JB|N||80 0~ uone|nbai aAebau
[ ] [ ]| ssao0.d oljogelew uleoidjo uonenbai” aAnebau
] [ 1] paleidwal-yNg ‘uonduosuel) jo uonenbali aaiebau
uonduosues) pare|dwal-pioe d19PNuU o uonenbas aAebou
- ssoo0id oneyuAsolq YNY Jo uonenbal aanebau
[ ] [N | [ ] [ ] [ ] uononpsuely” [eubis jo  uonenbal aanebau
IR EEE B ] [ | ] Jodsuell”uigload rejnjjgoeIUl q

&
N
RRNSS

ES 2 o oA & < oy @) NN
e R e S
| |

$$8204d 0lj0gBIBW pUNOdWOD ONjBWOIE JB|N||80
ssa00.4doljogelew”punodwod Bulurejuoo-aseqos|onu
sseo0.d oljogelew YNY J0~ uone|nbal

uoissaldxe auab

$s8204d O1j0qEIOW JBIN||99 JO uonenbal aAnebau

sseo0id oljogelaw uigjold Jen|eo jo_ uonenbal

ss800.4d - olj0gelOW UIR0Id 0 UoneINbal

|- esesswAjod yYNY~ Aq uonduosuely jo~ uonenbias
Alquasse jusuodwod Jejn||ao

Hodsuely aoueisqns” oluebio

Hodsuely ugjoid

yodsuel) epndad
uopezieoo| uieloid Jo  jJuswysliqelse

1odsuely Jejnjjeoeiiul

ljogelow” snioydsoyd jo uonenbal
Buissaooid yYNY
uononpsuesy [eubis Jenjj@oeaul Jo- uonenbal
uolssaldxa aush o uoneinbal aanebau
uone|Aloydsoydjo uonenbal

$$9004d o1j0ge1OW UIRl0Ad JB|N||80 J0~ uonenbas aAebau
ss9204d olj0geloW ulejoid o uonenbal aAehau
paleidwal-yNg ‘uonduosuel) jo uonenbai” aanebau
uonduosuel] pare|dwal-pioe olgjonu o uonenbas eanebau
sseo0.d oneyluAsolq YNY 0 uoneinbal eanebau
uononpsuel) [eubis Jo uonenbal eAnebau

yodsuel) uigjoid sejnjj@oeul <

Transl Androl Urol 2021;10(11):4192-4205 | https://dx.doi.org/10.21037/tau-21-752

© Translational Andrology and Urology. All rights reserved.



4200

A
ISCU
EFHD1 SLC16A11
CBWD2 ’
CDK5R1 UACA
UCHL5 C195
Lo . 700 FAM1338
ZNF830
\ COC186 AF3 mRD'l/
RPF2 /
“eCpe4s / CGNL1
CMPKA UFL1_—
ZNFSTT__ \\|f
ALOX1Z——USP12- -  taTsE—STRNS _Goppy
SLTM /
IF16
ZNF 470 A10AC
/ l TMA4SF20 ATPBVIC?2
USF3 \
ANP328 I ®D o
HIRIP3 \
PITPNC1 g c25A35
&

Zhao et al. Mechanism of SIRT1 and FOXO1/PPARGC1A in UPJO

B Significant go terms

Enrichment score
N

'y
1

0
‘ N BT s PRI NS O ST \\
<>°°\ & 4’ &y é)&&é‘“‘{“a;\ “o"‘:éﬁé”\o“ \&\Q <, «QJ’ @‘@ eb@ gﬁé\:ié S o o@
\e&'}so\\# &\@\a ,dpQ @@‘ ’yo\ \@Q\d:\\o"@g DOOGE @ \'?*‘00" \e
fé\ 's&sw"%ig@'&"%"@-?e ‘R\\Q-“:cfg"@:‘?\@ @P ao"'o& 0@:&8?@ S : % Q ¢ °Qw§
&P B O N < &
P ELLEFFT S WS S \\@@ &
\9‘70\00@\0\&’@ & SN S & PR SR S
OO IR A 3 O «9
S PO LELE & & O SF & & SN e\@\«"
&;{@4&@*@ @ LT ¢ K S & &F®
< & £ & & & & © &
e&@gb@@j}" & . &% f S o o
S® o S ¢ N R o
x4 @"&9 ',,«';9@ & o A A &
& S S < of
& & ¥
& N Py
& O g6
&8
N N
> & Q

Figure 6 The co-expression network of PPARGCIA and their GSEA analysis. (A) The co-expression network of PPARGCIA. (B) GO

enrichment analysis of the co-expression genes of PPARGCIA. The x axis represents the GO term, and the y axis represents the significance

level of enrichment, corresponding to the height of the column. The greater the enrichment score value, the more significantly the GO term

is enriched. GSEA, gene set enrichment analysis; GO, Gene Ontology.

pathways and BP caused by the knock down of SIRT1.

We predicted the PPIs of SIRT1 using the STRING
database, one of which was HDACI1. This relationship
corresponds with the previous published views of the
function of SIRT1 and HDACI (36). Catalytic-independent
neuroprotection by SIRT'1 is mediated through interaction
with HDACI. To elucidate their role in UPJO, follow-up
studies will need to be conducted in the future. As all 2,524
DEGs only had 2 interacting proteins predicted, FOXO1
and PPARGCIA were identified as serving as the targets
of SIRT1. SIRT was reported to deacetylate and activate
the PPARGCIA and FOXOLI to effect gluconeogenesis
in liver (37). Moreover, as reported by Cheng ez al. (38),
FOXO1 could inhibit the acetylation of PPARGCIA to
recover mitochondrial oxidation. Moreover, FOXO1 as
transcription factors was reported to be coactivated by
PPARGCIA to regulate the downstream protein expression
including gluconeogenic target proteins (39). Moreover,
both FOXO1 and FOXO3 as transcription factors likely
combine 2 p53 binding sites in the SIRT1 promoter, and
stimulate SIRT'1 transcription, but FOXO3 is outside the

© Translational Andrology and Urology. All rights reserved.

scope of DEGs from the mRNA-seq datasets of children.
Through the co-expression network analysis, it was
revealed that their co-expression genes seem to act
with them in UPJO. The GSEA analysis of FOXOI co-
expression genes clearly specified that they may take part in
biological activity together, including fatty acid degradation,
and the degradation of valine, leucine, and isoleucine.
Similarly, the GSEA analysis of PPARGCI1A co-expression
genes implicitly reinforced that they have a relationship
with protein localization to nucleolus, regulation of signal
transduction by class p53 mediator, monocarboxylic acid
metabolism, carboxylic acid decomposition, and other BP.
At the moment, there have been 2,382 up-regulated
genes and 2,138 down-regulated genes identified in RNAi
SIRTT cell lines, respectively. The GSEA results were
subjected to overlap analysis with the above terms of co-
expression genes from the target genes of gene SIRT1I.
Based upon the entire summarized analysis, UPJO may
give rise to abnormal phenotypic changes of renal tubular
epithelial cells through SIRT1/FOXO1 protein localized
and mediated intracellular protein transport. Lastly, UPJO

Transl Androl Urol 2021;10(11):4192-4205 | https://dx.doi.org/10.21037/tau-21-752
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Figure 8 Analysis of up-regulated genes in RNAi SIRT1 lines versus control lines. (A) GO enrichment analysis of the up-regulated genes in RINAi
SIRTT lines. The x axis represents the GO term, and the y axis represents the significance level of enrichment, corresponding to the height of the
column. The greater the enrichment score value, the more significant the GO term is enriched. (B) KEGG pathway enrichment analysis of the up-
regulated genes in RNAI sirtl lines. The vertical axis represents the KEGG pathway name, and the horizontal axis represents enrichment score. The
larger the value, the greater the enrichment degree. The size of the point indicates the number of genes in the pathway, and the color of the point
corresponds to different P value ranges. (C) Venn diagram of 2 GO term gene sets. One gene set in blue represents the all GO terms (BP, CC, MF)
obtained from the enrichment analysis of the up-regulated genes in RINAi sirtl lines. The other gene set in red indicates all GO terms (BP, CC, MF)
from enrichment analysis of the co-expression genes of FOXOI. (D) Venn diagram of two GO term gene sets. One gene set in blue represents the all
GO terms (BB, CC, MF) obtained from the enrichment analysis of the up-regulated genes in RNAi sirtl lines. The other gene set in red indicates all
GO terms (BP, CC, MF) from enrichment analysis of the co-expression genes of PPARGCIA. The circles with different colors show the GO terms of
different sample groups, the values represent the common or unique GO terms among different groups, the sum of all numbers in the circle showed
the total number of GO terms in the group, and the cross area of the circle represents the total number of GO terms among the groups. GO, Gene
Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, biological process; CC, cellular component; ME molecular function.

Table 1 Partial shared BP terms from the enrichment analysis Table 2 Partial shared BP term from the enrichment analysis of the
of the up-regulated genes in RNAi SIRT1 cell lines and the co- up-regulated genes in RINA sirtl cell lines and the co-expression
expression genes of PPARGCIA genes of FOXO1
ID Term ID Term
G0:0015031 protein_transport G0:1901796 regulation_of_signal_transduction_by_p53_
| iat
GO:0015833 peptide_transport class_mediator
G0:0045184 establishment_of_protein_localization GO:0033146 reguIatlon_'of_lthraceIIuIar_estrogen_
receptor_signaling_pathway
GO:0046907 intracellular_transport G0:0034504 protein_localization_to_nucleus
G0:2000058 regulation_of_ubiquitin-dependent_protein_ G0:0033143 regulation_of_intracellular_steroid_hormone_

catabolic_process

receptor_signaling_pathway

BF, biological process; GO, Gene Ontology. G0:0030162 regulation_of_proteolysis

BP, biological process; GO, Gene Ontology.

is involved in SIRT'1/PPARGCI1A-mediated p53 regulation
of signal transduction and intracellular estrogen receptor

signaling pathways on the account of nucleoprotein Conclusions

localization, and leads to abnormal phenotypic changes We concluded that UPJO may cause abnormal phenotypic
in renal tubular epithelial cells. However, there is some changes of renal tubular epithelial cells through SIRT1/
limitation that we did not identify the directly regulation FOXO1 mediated protein transport, the establishment
effect among SIRT1, FOXO1 and PPARGCIA. of protein localization, and intracellular transport. In

© Translational Andrology and Urology. All rights reserved. Transl Androl Urol 2021;10(11):4192-4205 | https://dx.doi.org/10.21037/tau-21-752
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the meantime, UPJO is involved in regulation of signal
transduction, regulation of intracellular estrogen receptor
signaling pathways, and nucleoprotein localization through
SIRT1/PPARGCI1A-mediated p53 mediators, causing
abnormal phenotypic changes in renal tubular epithelial cells.
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