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Comprehensive analysis of the expression and prognosis
of YPEL family members in clear cell renal cell cancer
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Abstract. The Yippee-like (YPEL) gene family is composed
of five members encoding a protein containing a zinc
finger-like metal-binding domain. Due to its structure and
location in cells, this domain is considered to be involved in
cell multiplication and numerous types of cancer. However,
the relationship between the protein and the prognosis of clear
cell renal cell carcinoma (ccRCC) remains unknown. In the
present study, using pan-cancer data from the updated public
database, the expression and correlation of YPEL genes in
33 types of cancer was systematically and comprehensively
analyzed. The prognostic value of YPEL genes was evalu-
ated by survival and Cox regression analysis. Considering
the relationship between the tumor microenvironment and
stem cell indices, the function of superoxide dismutase was
evaluated. Tumor Immune Assessment Resources (TIMER)
and CIBERSORT algorithm analysis were used to evaluate
the correlation between YPEL genes and tumor immune infil-
trating cells (TIICs). Furthermore, knockdown experiments of
YPEL genes were developed to explore their effects on ccRCC
cell proliferation, migration and invasion in ccRCC cell lines.
Members of the YPEL family were differentially expressed
in ccRCC. Increased expression levels of YPEL1, YPEL2,
and YPELS were associated with improved overall survival
and disease-specific survival. TIMER and CIBERSORT
analyses showed remarkable correlation between YPEL
family members and TIICs. More importantly, the results of
Cell Counting Kit-8, EAU and Transwell assays revealed that
the multiplication, migration and invasion abilities of ccRCC
cell lines could be promoted by knocking out YPEL1, YPEL2
and YPELS. In conclusion, the present study provided new
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insight into the different roles of YPELI, YPEL2 and YPELS
in ccRCC, and the relationship between YPEL1 and immune
infiltration may offer new options for future clinical treatment.

Introduction

Clear cell renal cell carcinoma (ccRCC), which accounts for
70-75% of all diagnosed renal types of cancer, is one of the most
common malignancies in the urinary system. It is an aggres-
sive cancer derived from the proximal tubular epithelium,
whose metastatic form is associated with high mortality (1-3).
Moreover, the incidence of ccRCC has increased in recent
decades, with 76,080 new cases diagnosed in the United States
in 2021 (4). Although targeted therapies and novel immuno-
therapeutic agents are gradually being applied, the efficacy is
limited, leading to a low 5-year survival rate of only 10-20%
for patients at an advanced stage (5,6). Therefore, considering
the high morbidity and mortality of ccRCC, it is necessary
to determine the potential mechanism of the occurrence and
development of ccRCC and find new biomarkers with high
specificity and sensitivity.

Human yippee-like (YPEL) proteins are members of a
recently discovered clan of putative zinc finger motif coding
genes comprised of YPEL1-5 (7,8). The proteins of the YPEL
family are located in the centrosome, present in a wide
range of eukaryotic species, adjacent to the nucleolus and
mitotic apparatus (9,10). Members of the YPEL gene family
are involved in various cell biological processes, including
the cell cycle, senescence, mammalian development and
tumor progression (11,12). It is worth noting that depending
on types of cancer, YPELs may act as tumor promoters
or inhibitors. It has been reported that YPELI, a nuclear
protein, is involved in the mesenchymal-epithelial transition
in cancer (13). Compared with normal pancreatic tissues,
YPELI1 expression is significantly reduced in pancreatic
cancer tissues (14). Moreover, bioinformatics analysis showed
that YPELI is upregulated in epidermal growth factor receptor
(EGFR)-mutant NSCLC samples treated with erlotinib (15).
Tuttle et al (16) found reduced YPEL3 expression in tumor
samples compared with patient-matched normal tissue.
Zhang et al (17) demonstrated that YPEL3 expression was
reduced in nasopharyngeal carcinoma cell lines and clinical
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samples, and YPEL3 overexpression inhibited nasopharyngeal
carcinoma cell invasion and metastasis in vitro and in vivo.
YPELS5 was revealed to inhibit cell proliferation and cell cycle
progression (18). However, overexpression of YPEL2 in breast
tumors correlates with breast cancer risk (19). The expres-
sion level of YPEL4 in patients with aldosterone-producing
adenomas (APAs) is 2.4-fold higher than that in nonfunctioning
adenomas of the adrenal cortex, and YPEL4 expression levels
in APAs are positively correlated with tumor diameter (11).
These findings indicated that the YPEL gene plays a vital role
in tumorigenesis. Nevertheless, there is currently no study of
YPELSs in ccRCC, which means that the prognostic value of
the YPEL family in ccRCC remains unclear and needs to be
further elucidated.

The identification and application of new cancer
biomarkers have become increasingly accurate and valuable
with the development of a great quantity of RNA sequencing
technologies and available databases in the present study.
The overall function, prognosis and distribution of the YPEL
genes in humans were systematically analyzed by pan-cancer
analysis. The prognostic value and potential mechanisms of
the YPEL genes in ccRCC were screened using data from
patients with ccRCC in multiple databases. Furthermore, the
effects of YPELSs on the proliferation and invasion of ccRCC
were preliminarily verified by observing the cell phenotype
of the ccRCC model in vitro. Paired clinical samples and
multi-group analysis were used to further investigate factors
affecting expression changes.

Materials and methods

Data acquisition and processing. ONCOMINE database
(www.oncomine.org) is a comprehensive online cancer
microarray database for DNA or RNA sequence analysis,
helping to find answers from whole gene expression
analysis. The transcriptional expressions of YPELs in tumor
tissues and corresponding adjacent normal samples used as
control were obtained from the ONCOMINE database. The
Genotype-Tissue Expression (GTEx) database (https://www.
gtexportal.org) was used to analyze the distribution of the
YPEL genes in human normal organ tissues. The gene expres-
sion RNAseq (HTSeq-FPKM), clinicopathological data,
immune subtype, survival data and stemness score (RNA
based) of 33 types of cancer were downloaded from The
Cancer Genome Atlas (TCGA) (http:/portal.gdc.cancer.gov/).
Difference analysis was performed using the Limma package
from Bioconductor (version: 3.52.0). Genes with an average
count value >1 were excluded. P<0.05 and llog2 (FC)I>1.0 was
taken into consideration.

Patients and sample collection. A total of 20 pairs (13 males
and 7 females; age range 40-70 years) of ccRCC tissues and
corresponding non-cancer tissues were obtained from patients
undergoing surgical resection in the general surgery depart-
ment of the Second Affiliated Hospital of Nanchang University
(Nanchang, China) from September 2020 to November 2021.
All resected specimens were frozen and stored at -80°C for
further analysis. Written informed consent was provided
from all patients. The present study was approved (approval
no. 2020090) by the Ethics and Research Committee of the

Second Affiliated Hospital of Nanchang University (Nanchang,
China).

Tumor microenvironment (TME) analysis. Stromal score and
immune score were calculated using ESTIMATE analysis (20).
The results were visualized using the R package ‘corrplot’.

Stemness indices analysis. Stemness index data were down-
loaded from UCSC Xena (http://xena.ucsc.edu/). The Limma
and Corplot packages were used to visualize the results.

Estimation of immune cell type fractions. CIBERSORT is a
method for characterizing the cell composition from their gene
expression profiles and is the most frequently cited tool for
estimating and analysing immune cells infiltration (21).

TIMER. TIMER (https://cistrome.shinyapps.io/timer/) (22) is
a comprehensive database for tumor immune infiltrating cells
(TIIC) analysis of 32 tumors. In the present study, Spearman's
correlation analysis in the gene module was used to investigate
the correlation between YPEL genes expression and immune
infiltration, including tumor purity and six types of cells of the
immune system (B cells, CD8* T cells, CD4* T cells, macro-
phages, neutrophils and dendritic cells).

Cell culture and transfection. The renal cell carcinoma
(RCC) cell line 786-O was obtained from the Institute of
Biochemistry and Cell Biology, Chinese Academy of Sciences
(Shanghai, China). The cell line was detected without myco-
plasma, and the cell line was verified by STR detection. The
cells were cultured at 37°C in an atmosphere containing 5%
CO, in DMEM supplemented with 10% fetal bovine serum
(FBS; both from Beijing Solarbio Science & Technology
Co., Ltd.). Lipofectamine™ 3000 Transfection Reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) was used for
transfection. Briefly, HCC cells were seeded in six-well plates
the day before transfection. The siRNAs and Lipofectamine
3000 were mixed with Opti-MEM (Invitrogen; Thermo Fisher
Scientific, Inc.) and incubated for 10 min at room temperature.
The siRNA-lipid complex was diluted in DMEM to achieve
a final siRNA concentration of 10 nM. Cells were incubated
for 48 h in a 5% CO, incubator at 37°C. The YPELI1 siRNA
sequences were as follows: sense, 5'-UGUCUUUGAUCAUAU
GAGCAA-3' and antisense, 5'-GCUCAUAUGAUCAAAGAC
AAU-3" The YPEL2 siRNA sequences were as follows: sense,
5'-AUUAGUUCAUCAUGAUUGGCC-3' and antisense,
5'-CCAAUCAUGAUGAACUAAUUU-3" The YPELS5 siRNA
sequences were as follows: sense, 5'-UGAUCAAGGAAA
AUUCUGCCC-3' and antisense, 5-GCAGAAUUUUCC
UUGAUCAUA-3'. The negative control for siRNA silencing
was a non-targeting (scramble) siRNA sequence, with the
sequences were as follows: sense, 5'-UUCUCCGAACGUGUC
ACGUTT-3" and antisense, 5'-ACGUGACACGUUCGGAGA
ATT-3'.

Reverse transcription-quantitative (RT-q) PCR. Total RNA
was extracted from 786-O cells using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). According to the
manufacturer's protocols, total RNA was reverse transcribed
into cDNA using PrimeScript™ RT reagent kit (Takara Bio,
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Inc.) according to the manufacturer's protocol, followed by
gPCR utilizing the 7500 Real-time PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.) with SYBR Premix
Ex Taq kit (Takara Bio USA, Inc.) according to the manu-
facturer's protocol. The following thermocycling conditions
were used: Initial denaturation at 95°C for 30 sec, followed by
40 cycles at 95°C for 5 sec and 60°C for 30 sec. Relative mRNA
expression was normalized to an internal control (B-actin) and
results were expressed as relative expression calculated using
the 2-24% method (23). Primer sequences used in the present
study are listed in Table SI. Experiments were performed at
least three times independently.

Western blotting. 786-0 cells were lysed using radioimmuno-
precipitation lysis buffer containing Protease Inhibitor Single
Use Cocktail and Phosphatase Inhibitor Cocktail (Thermo
Fisher Scientific, Inc.) and protein concentration was deter-
mined using a Pierce BCA protein assay kit (Thermo Fisher
Scientific, Inc.). Cell lysates (20 pug/lane) were separated on
8-15% gel by SDS-PAGE and transferred to polyvinylidene
difluoride membranes (MilliporeSigma). The membranes
were blocked with 5% skimmed milk at room temperature
for 1 h. The membranes were incubated with the following
primary antibodies: YPELI1 (1:1,000; cat no. 17743-1-AP),
GADPH (1:1,000; cat no. 60004-1-Ig; both from ProteinTech
Group, Inc.), YPEL2 (1:5,000; cat. no. PA5-34348) and
YPELS (1:1,000; cat. no. PA5-34351; both from Invitrogen;
Thermo Fisher Scientific, Inc.). Following the primary
incubation, the membranes were incubated with horseradish
peroxidase-conjugated goat anti-rabbit or mouse polyclonal
secondary antibodies (1:10,000; cat. no. ZB-2301/2305,
ZSGB-BIO, Inc.) for 2 h at room temperature. Immunoreactive
bands were detected using the Bio-Rad ChemiDoc MP
Imaging System (Bio-Rad Laboratories, Inc.).

Cell proliferation assay. Proliferation of 786-O cells was
detected using the Cell Counting Kit-8 (CCK-8; Dojindo
Molecular Technologies, Inc.) according to the manufacturer's
protocol. 786-0 cells in 100 ml medium were inoculated in
96-well plates (4x10° cells/well). A total of 100 pul of CCK-8
reagent was added to each well and plates were incubated for
1.5 h at 37°C. The absorbance of each well at 0, 24, 48, 72, 96
and 120 h was detected at 450 nm using an enzyme-linked
immunosorbent assay microplate reader (Thermo Fisher
Scientific, Inc.).

5-Ethynyl-2' deoxyuridine (EdU) assay. Cell proliferation
was determined using EdU assay kit (Guangzhou RiboBio
Co., Ltd.). 786-0O cells were seeded in 24-well plates
(2x10* cells/well), cultured (5% CO,; 37°C) in DMEM supple-
mented with 10% FBS for 24 h before EAU (50 gmol/l) was
added. Cells were fixed with 4% paraformaldehyde for 30 min
and permeabilized with 0.5% Triton-X-100 in PBS for 20 min
at room temperature according to the manufacturer's proto-
cols. The cell nuclei were stained with Hoechst dye 33342 and
incubated for 30 min in the dark for visualization. Images of
786-0 cells were acquired under a fluorescence microscope
(Leica Microsystems GmbH). Proliferation was analysed
using the average number of cells in three random fields per
sample.

Invasion assay. The upper chamber of Transwell system (24
inserts, 8-ym pore size, polycarbonate membrane; Corning,
Inc.) was coated with precooled Matrigel and incubated at 37°C
for 30 min. Briefly, 5x10* 786-0O cells pre-transfected with
50 nm siRNA for 48 h, were suspended in 100 ml serum-free
DMEM and seeded in the upper chamber. A total of 500 ml
medium supplemented with 10% FBS was added to the lower
chamber.

After 48 h of incubation at 37°C, the impermeable cells
were wiped off, and the cells on the lower surface of the filter
were fixed with 4% paraformaldehyde for 15 min at room
temperature and then stained with 0.4% crystal violet for
30 min at room temperature. The numbers of invasive cells
were counted in 5 random fields of view in the same chamber
(mean + SE) under a light microscope for 3 samples.

Migration assay. The migration assay was performed in the
same manner as the aforementioned invasion assay, with the
exception that the membrane was not coated with Matrigel.
Briefly, 5x10* 786-O cells pre-transfected with 50 nm siRNA
for 48 h were suspended in 100 ml serum-free medium and
seeded in the upper chamber. A total of with 500 ml medium
supplemented with 10% FBS was added to the lower chamber.
After 24 h of incubation, cells were similarly stained and
counted for invasion studies.

Statistical analysis. Statistical analysis was performed using
the GraphPad Prism 8.0 (GraphPad Software, Inc.) and the R
programming language version 3.6.3. Student's unpaired t-test
and one-way ANOVA (followed by Tukey's post-hoc test) were
used to determine significance. Survival curves were gener-
ated using the Kaplan-Meier method, and differences between
groups were compared with the log rank test with the cutoff as
the median. Each experiment was performed in triplicate and
P<0.05 was considered to indicate a statistically significant
difference.

Results

Pan-cancer analysis of YPEL family member genes. The
Oncomine database was used to examine all five members of
the YPEL gene family in 20 cancer samples and compare them
to normal tissue. The apparently different gene expression is
revealed in Fig. 1. The Oncomine database contains 317, 201,
217, 192 and 305 different studies involving the genes from
YPELI1 to YPELS. The remarkable unique analysis between
cancer and normal tissue that meets the selection criteria is
revealed in the cell at the bottom of Fig. 1. The case number in
the left cell indicates gene upregulation, and the case number
in the right cell indicates downregulation. The counting results
were YPELI1 (6:15), YPEL2 (6:24), YPEL3 (1:19), YPEL4
(1:25), and YPELS5 (5:27). Specifically, in renal carcinoma, a
significant increase in the mRNA expression level of YPELI
was shown in multiple datasets, and the mRNA expression
level of YPELS was significantly downregulated, while the
expression level of YPEL2 was significantly downregulated in
3 independent pancreatic cancer studies and overexpressed in
1 case (P<0.05, fold change >2) (Fig. 1 and Table I).
Subsequently, a series of pan-cancer analyses were
performed using the TCGA and GTEXx databases to investigate
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Table I. The significant changes of YPELSs in transcription level (ONCOMINE database).

Types of RCC vs. kidney Fold change P-value t-test Reference
YPEL1 Renal Wilms tumor 6.444 0.005 3.667 Yusenko renal
YPEL2 Papillary renal cell carcinoma 2.042 0.003 3.138 Yusenko renal
Chromophobe renal cell carcinoma -2.509 6.66x10* -5.240 Yusenko renal
Renal Wilms tumor -4.393 0.002 -5.363 Yusenko renal
Renal oncocytoma 0.002 -4.460 Yusenko renal
YPELS Clear cell sarcoma of the kidney 0.006 -6.552 Cutcliffe renal

YPEL, Yippee-like.
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Figure 1. Transcript levels of Yippee-like genes in the Oncomine dataset of
different types of cancer.

the distribution, function and prognosis of the YPEL genes in
humans. Compared with other organ tissues, the results of
gene expression data analysis of the GTEx database demon-
strated that the expression levels of YPEL1-3 and YPELS
were above moderate levels in human kidney tissues, while
the expression levels of YPEL4 were lower (Fig. S1A-E).
Furthermore, combined with the analysis of gene expression
data in the TCGA and GTEx databases, the human tumor
tissue was compared with the corresponding normal organ
tissue to detect the expression level of the YPEL gene family
across tumor types. Specifically, it was found that YPELI1-4
was upregulated and YPEL5 was downregulated in renal
tumor tissue (Fig. 2A-E). In addition, the mean expression
levels of the YPEL gene family were assessed and a heatmap
showing the results of differential analysis of diffuse cancer
data was generated (Fig. 2F). Moreover, Pearson's correlation

coefficients among the YPEL gene family were calculated.
As shown in Fig. 2G, certain genes showed a certain corre-
lation: YPEL3 and YPELS5 (r=0.24; P<0.05); YPEL2 and
YPEL 5 (r=0.23; P<0.05). Accumulating evidence indicates
that tumor stem cells and the TME play important roles in
stimulating tumor cell heterogeneity, increasing multidrug
resistance, and promoting tumor progression and metastasis.
The correlation between the expression of YPEL genes, tumor
stem cells, and the TME was further verified using pan-cancer
analysis. The ESTIMATE algorithm was used to calculate the
stromal and immune scores in pan-cancer (Fig 2H and I). The
results showed that the RNAss and DNAss of YPEL genes
of the YPEL gene family were calculated by mRNA expres-
sion and DNA methylation data. Similarly, the expression of
YPEL genes was also significantly positively or negatively
correlated with RNAss and DNAss using pan-cancer analysis
(Fig. 2J and K).

Differential expression of YPEL family genes in patients
with ccRCC. To accurately determine the expression of the
YPEL genes in patients with ccRCC, ccRCC sample data
were obtained from TCGA (TCGA-KIRC: 72 normal and
539 tumor samples). Data were normalized and subjected to
variance analysis using the R package (version: 3.52.0). It was
found that different expression levels of all YPEL genes were
statistically significant (Fig. 3A). Among them, YPEL1-4 were
significantly upregulated in tumor tissues compared with the
control, whereas YPELS5 was significantly downregulated. This
result was consistent with the aforementioned multi-database
joint analysis. In addition, paired expression data were further
extracted and compared from the TCGA-KIRC dataset, and
it was similarly identified that YPELI-4 expression in tumor
tissues was significantly higher than that in paired non-tumor
tissues, while YPELS showed the opposite trend (Fig. 3B-K).

Prognostic analysis of YPEL family genes in patients with
ccRCC. Furthermore, the Kaplan-Meier survival curve and
log-rank test were used to compare the relationship between
the expression of YPEL genes and overall survival (OS) and
disease-specific survival (DSS) and to evaluate the prognostic
significance of YPEL in ccRCC. It was found that the mRNA
expression of YPEL1, YPEL?2 and YPELS was associated with
the prognosis of patients with ccRCC. Higher expression of
YPELI, YPEL2 and YPELS was associated with long-term
survival, including OS and DSS (Fig. 4A-J).
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Figure 4. Prognostic value of Yippee-like family members in clear cell renal cell carcinoma. (A-E) Survival outcomes. (F-J) Disease Free Survival outcomes.

Association between expression of YPEL family genes and
clinicopathological parameters in ccRCC. The relationship
between mRNA expression of the YPEL family genes and
clinicopathological parameters was then further examined,
including individual tumor grade and stage, in patients
with ccRCC using the TCGA dataset. As revealed in Fig. 5,
the expression of three YPELs with prognostic value was
significantly correlated with individual clinicopathological
parameters and YPEL mRNA expression levels. Specifically,
a decrease in the expression of YPEL1 and YPEL2 mRNA
resulted in increased tumor grade, and YPELS expression
was significantly correlated with different tumor grades
(Fig. 5A-E). Additionally, the expression levels of YPELI,
YPEL2 and YPELS5 were significantly different among ccRCC

patients with different tumor stages (Fig. SF-J). Collectively,
these results suggested that the expression of YPEL1, YPEL2
and YPELS may be a risk factor.

Association between YPEL family genes expression and
immune infiltration in ccRCC. In recent years, the relationship
between the immune microenvironment and tumor progression
has received increasing attention from researchers. Therefore,
TIMER was used to analyze the association between the YPEL
gene family and ccRCC immune infiltration. It was found that
the expression of YPELI in ccRCC was significantly positively
correlated with tumor purity and the degree of infiltration of
CD8* T cells, CD4* T cells, macrophages, neutrophils and
dendritic cells in ccRCC. YPEL?2 was significantly positively
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correlated with B cells, CD8* T cells, CD4* T cells, macro-
phages, neutrophils, and dendritic cells. YPEL3 and YPEL4
were significantly positively correlated with CD4* T cells, and
YPELS was observably negatively correlated with all TIIC
types. The CIBERSORT results showed a correlation between
the YPEL gene family and 22 immune cell types (Fig. 6).
High expression of YPELI and resting memory CD4* T cells,
activated memory CD4* T cells, delta gamma T cells, resting
natural killer cells, M2 macrophages, resting mast cells and
fewer plasma cells, CD8* T cells, follicular helper T cells,
regulatory T cells (Tregs), activated natural killer (NK) cells
and monocytes were significantly associated. High YPEL2
expression was associated with more monocytes, CD8* T cells,
resting memory CD4* T cells, M1 macrophages, M2 macro-
phages, MO macrophages, resting mast cells and fewer plasma
cells, activated memory CD4* T cells, follicular helper T cells,
Tregs, resting NK cells, and activated NK cells. High YPEL3

expression was related to more CD8* T cells, memory B cells,
plasma cells, follicular helper T cells, activated NK cell and
Tregs and fewer delta gamma T cells, activated memory CD4*
T cells, M2 macrophages and MO macrophages. High YPEL4
expression was associated with more neutrophils and resting
NK cells and fewer M2 macrophages and MO macrophages.
High YPELS expression was associated with more naive B
cells, activated memory CD4* T cells, and fewer follicular
helper T cells, Tregs, delta gamma T cells and activated NK
cells (Fig. 7A-E). The present results suggested that YPEL
genes may be regulators of the ccRCC immune microenviron-
ment and merit further investigation.

Prognosis-Related YPEL gene functions as suppressor onco-
genes to inhibit proliferation, migration and invasion of the
ccRCC cell line. Given that YPEL1, YPEL2 and YPELS are
significantly differentially expressed in ccRCC and strongly
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Figure 6. Correlations between tumor infiltrating immune cells and independently prognostic Yippee-like family genes.

associated with patient outcomes, including both OS and Discussion

DSS, it was hypothesized that these genes may play key

roles in ccRCC. Therefore, the expression of YPEL1, YPEL2 The YPEL gene family was discovered in 2001, and
and YPELS5 in ccRCC was further studied and the effect of homologs of the Drosophila yippee gene in a variety of
their expression on cell function was explored. As revealed eukaryotes were subsequently identified (7,8). Experiments
in Fig. S2, RT-qPCR revealed that YPEL1 and YPEL2 had on interaction, cloning, and sequence analysis showed that
significantly elevated expression in ccRCC tissues compared the YPEL gene family is highly conserved in eukaryotes
with adjacent non-tumor tissues, whereas the expression of  and possesses a putative zinc binding RING finger protein
YPELS was reduced. These results are largely consistent  with self-interacting properties (9). According to previous
with the results of the database analysis. In addition, CCK-8 studies, dysregulation of YPELSs can be observed in a variety
and EdU assays were performed to analyze cell viability, and  of malignancies, suggesting that they may play a vital role in
Transwell assays were used to test the migration ability of  the genesis and progression of cancer (13,16-18,24). However,
786-0 cells. The knockdown efficiency of YPEL1, YPEL2 at present there is no systematic study on the overview of
and YPELS5 was examined by using RT-qPCR and western  the whole YPELs in ccRCC. To the best of our knowledge,
blotting (Fig. 8A and B). Knockdown of YPEL1, YPEL2 and the present study was the first to systematically analyze the
YPELS significantly promoted cell proliferation, migration  overall distribution, function and prognosis of human YPEL
and invasion (Fig. 8C-E). The experimental results suggested  genes by mining public databases, extensively investigating
that YPELI1, YPEL2 and YPELS5 may play an important role  the prognostic value of YPEL genes, and investigating its
in maintaining the characteristics of ccRCC tumors. potential mechanism in ccRCC, providing further suggestions
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Figure 7. The differentially tumor infiltrating immune cells between high expression group and low expression group in Yippee-like family genes. (A) YPELI,

(B) YPEL2, (C) YPELS3, (D) YPEL4, (E) YPELS.

Although several studies have investigated the function and
underlying mechanism of YPELSs in tumors, their prognostic

for the clinical value of YPEL genes in ccRCC. The present

data indicated that low expression of YPELI1, YPEL2 and

YPELS is associated with poor prognosis and may act as an

value in urological tumors and their function in tumor cells have
not been reported. In the present study, a pan-cancer analysis

independent predictor of ccRCC. These results suggested that

of the YPEL gene family was first performed to explore their
overall distribution, function and prognosis in humans. The

YPELI1, YPEL2 and YPELS can act as prognostic biomarkers

for ccRCC.
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Figure 8. Effects of YPEL family genes (YPEL1, YPEL2, and YPELS) on the clear cell renal cell carcinoma cellular functions. The mRNA and protein
expression of YPEL1, YPEL2 and YPELS was determined by using (A) reverse transcription-quantitative PCR and (B) western blotting. (C and D) The
proliferative abilities of 786-0O cells transfected with si-NC or si-YPELs were evaluated by EdU and Cell Counting Kit-8 assays. (E) Transwell migration and
Matrigel invasion assays of 786-O cells transfected with YPELs knockdown vector. The experiment was repeated 3 times. Scale bar=50 ym. "P<0.05. YPEL,
Yippee-like; NC, negative control.

differential profiles of YPELs in normal human organs and  were investigated. Second, the ccRCC data of the TCGA-KIRC
multiple tumors and the relationship between the expression  database were analyzed to confirm the result of the pan-cancer
of YPELs and tumor grade, tumor stage and survival status  analysis that YPELs have prognostic significance.
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By analyzing and screening YPEL genes associated with
differential expression and prognosis, it was identified that
only YPEL1, YEPL2 and YPELS, but not YPEL3 and YPLEA4,
are most promising for further studies. In addition, based on
the cell phenotype observed in the ccRCC model in vitro, the
effect of YPELs on the proliferation and invasion of ccRCC
was preliminarily verified.

YPELLI is a nuclear protein considered to be involved
in mesenchymal-epithelial transition during tissue develop-
ment (25). As previously reported, aberrant expression of
the YPEL1 gene was observed in invasive pancreatic cancer
cells (14). Li et al (13) demonstrated that downregulation of
YPELLI expression inhibited gastric cancer cell proliferation and
invasion. In the present study, it was found that YPEL1 may be
an important inhibitory prognostic factor. Decreased expression
of YPELI at the mRNA level is associated with poor prognosis
in patients with ccRCC. Due to the fainted study on the role
of YPEL2 in cancer progression, it is known that interactions
between YPEL?2 and other genes expressed from the 17q23
amplicon may be relevant to breast cancer (19). Similarly, the
present study found that aberrantexpression of YPEL2 was signif-
icantly associated with the prognosis of patients with ccRCC,
and its expression was markedly inversely correlated with the
staging grade of ccRCC. Studies have shown that YPELS protein
is expressed at various subcellular sites in the cell cycle (9,18);
it is localized in the nucleus and centrosome during interphase,
then sequentially translocated during mitosis to spindle poles,
mitotic spindle and spindle midzone, and finally transferred to
the midbody upon cytokinesis. Reduction of YPELS expression
by siRNA inhibited the growth of COS-7 cells and the early
development of medaka fish embryos, suggesting that YPELS is
involved in cell cycle progression (9). YPELS has been reported
to play an important role in tumor development. For example,
YPELS was revealed to inhibit cell proliferation and cell cycle
progression in cervical cancer cells (26). Velusamy et al (22)
demonstrated that YPELS formed a recurrent reciprocal RNA
chimera with PPP1CB and played an important role in chronic
lymphocytic leukemia. Zhou et al (18) revealed that overexpres-
sion of YPELS significantly reduced the expression of CCNBI1
and PCNA in SW620 and HT29 cells, suggesting that YPELS
was involved in the regulation of cell proliferation and cell cycle
progression in colorectal carcinoma. These findings may help
to understand the role of YPELS in the development of various
types of cancer. Nevertheless, whether it affects the prognosis of
patients with ccRCC needs to be further clarified. Importantly,
our data showed that the expression of YPELS at the mRNA
level was low in ccRCC, which was related to poor prognosis of
patients. Tumor-infiltrating immune cells are considered to be a
marker of the host antitumor immune response and prognostic
features (27,28). CD8* T cells and NK cells play a predomi-
nant role in the antitumoral immune response via immune
checkpoints. In the present study, it was observed that YPELI,
YPEL2, YPEL3 and YPEL4 were significantly positively
correlated with several immune infiltrating cells, particularly
CD4* T cells, while YPELS5 was observably negatively corre-
lated with all TIIC types. These results suggested that YPELs
may recruit and regulate infiltrating immune cells to inhibit or
promote the progression of cancer, which strongly suggests that
YPELSs serve as a key factor in cancer immunity. Finally, the
present study further investigated the effects of the expression

of YPELI1, YPEL2, and YPELS on the biological function of
ccRCC cell lines by siRNA-mediated knockdown experiments
in an in vitro model. CCK-8, EdU and Transwell assays showed
that the proliferation, migration and invasion abilities of ccRCC
cell lines could be promoted by knocking out YPEL1, YPEL2
and YPELS.

There are certain limitations to the present study. First,
YPELs that may play an important role in ccRCC were only
selected for experimental verification according to the results
of database analysis and all YPELSs in the verification range
were not included, which should be further improved in future
research. Second, the phenomenon that the high expression of
YPELI and YPEL2 in ccRCC tissues has an improved prog-
nosis only partially explained by the combination of a previous
study by Cao et al (29) and the present results. The results of
ccRCC immune infiltration analysis showed that there was a
significant positive correlation between YPEL1 and YPEL2 and
CD8" and CD4* T cells and macrophages, which may indicate
that YPEL1 and YPEL2 not only play a role in tumor cells
but also play certain key roles in tumor immunity, such as the
recruitment of related immune cells into tumor sites. Indeed, this
requires further research to verify this hypothesis. Finally, most
of the results of the present study are based on transcriptomics
analysis, and more omics data are needed for validation. Finally,
it was only confirmed that that YPEL1, YPEL2 and YPELS
can affect the phenotype of ccRCC in vitro, and their potential
mechanisms need to be further studied both in vivo and in vitro.

Collectively, the present study indicated the abnormal
expression and prognostic value of the YPEL gene family in
ccRCC. Furthermore, the relationship between the YPEL gene
family and immunodeficiency may provide another clinical
treatment option. Additionally, in vitro experiments on ccRCC
cell lines were performed to determine the functions and
potential mechanisms of YPELs. The aforementioned results
suggested that the value of YPELI, YPEL2 and YPELS as
potential clinical biomarkers and novel therapeutic targets in
patients with ccRCC deserves further investigation.
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