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Background. Clear cell renal cell carcinoma (ccRCC) is one of the most lethal malignancies in the urinary system, yet effective
diagnostic and prognostic markers are lacking. Recently, several of piRNA pathway genes have been reported to be associated
with cancer diagnosis and prognosis, but their role in ccRCC is still unclear. Methods. We analysed the expression of 27
piRNA pathway genes in 539 kidney renal clear cell carcinoma (KIRC) and 72 nontumor tissue samples (data from TCGA),
and 12 mRNAs were significantly different. The aim was to sift the piRNA pathway genes that are correlated with ccRCC
patient survival and to construct a piRNA pathway gene risk prognostic model using Kaplan-Meier survival curve and ROC
curve, respectively. Results. 5 piRNA pathway genes (TDRD7, GPAT2, PLD6, SUV39H1, and DOM3Z) were picked out and
used to construct the piRNA pathway gene risk model. Kaplan-Meier survival curve analysis showed that compared with that
of the low-risk group of ccRCC patients, the OS of the high-risk group of ccRCC patients was significantly reduced. The
predictive performance of the prognostic risk model was measured using a ROC curve, which individually showed AUC values
for 1 year of 0.707, for 3 years of 0.713, and for 5 years of 0.701. Moreover, the mRNA and protein expression levels of
TDRD7 were overexpressed in the ccRCC datasets (data from our cohort, TCGA, GEO, and CPTAC) and ccRCC cell lines,
and the expression levels correlated with the clinicopathological characteristics in ccRCC. The Tumor Immune Estimation
Resource (TIMER) showed that the mRNA expression level of TDRD7 was positively related to tumor immune infiltrating
cells (TICs) in ccRCC. Mechanistically, gene set enrichment analysis (GSEA) was performed to uncover the mechanism of
TDRD7 in ccRCC. In summary, the piRNA pathway genes,especially TDRD7, may be potential cancer diagnostic and
prognostic biomarkers of ccRCC.

1. Introduction

Renal cell carcinoma (RCC) is one of the most common
tumors of the urinary system. In 2020, approximately 73,750
new cases and 14,8308 deaths occurred in the USA [1]. RCC
is composed of various histological and molecular subtypes,

of which clear cell renal cell carcinoma (ccRCC) is the most
common, accounting for approximately 70-80% [2]. At pres-
ent, for the diagnosis of RCC, the most frequently used tech-
nique is computed tomography (CT). Due to its resistance to
radiotherapy and conventional chemotherapy, surgery is the
most effective treatment for localized RCC [3]. Unfortunately,
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approximately 30% of patients have distant metastases at the
time of diagnosis [4]. These patients lose their best treatment
and have a worse prognosis. Therefore, there is a need for an
urgent solution to find new diagnostic and therapeutic targets
to reduce the mortality rate of ccRCC.

PIWI-interacting RNAs (piRNAs) are small noncoding
RNAs (ncRNAs) of 24-32 nucleotides in length that specifi-
cally interact with PIWI proteins in the Argonaute protein
family [5]. piRNAs exist in germ cells and somatic cells
and have crucial functions for instance inhibition of trans-
posable elements (TEs) and epigenetic regulation of gene
expression. piRNA formation involves three pathways: pri-
mary processing, secondary processing (ping-pong cycle),
and TE transcriptional silencing [6]. The primary processing
of piRNA can occur in germline cells and their surrounding
somatic cells, but the ping-pong cycle can only occur in
germline cells [7, 8]. piRNAs are processed in a conserved
perinuclear structure called the nuage, which contains
piRNA pathway proteins, including the Piwi branch of
the Argonaute family of proteins, as well as some Tudor
domain proteins, RNA helicases, and nucleases. Tudor
domain containing 7 (TDRD7) is a Tudor domain protein
that is mainly expressed in germline cells and colocalizes
with other piRNA pathway components [9]. Its function
in the piRNA pathway is to regulate inverted transposons
in Drosophila germlines [10].

With the development of next-generation sequencing,
piRNAs are found to play important roles in RCC. For
example, Iliev et al. found that the higher the level of piR-

823 in tumor tissue, the shorter the disease-free survival,
and the higher the level of piR-823 in serum, the higher
the clinical stage of RCC. piR-823 shows potential for early
diagnosis of tumors [11]. Zhao et al. measured the expres-
sion of two kinds of mitochondrial piRNAs (piR-34536
and piR-51810) in the tissues and serum of ccRCC patients
[12]. The results showed that the expression levels of piR-
34536 and piR-51810 in ccRCC tissues were significantly
lower than those in normal tissues, and the level of mito-
chondrial piRNA was negatively correlated with the progno-
sis of ccRCC patients. However, the function of piRNA
pathway genes in ccRCC remains unclear.

In this study, we explored the diagnostic and prognostic
value of piRNA pathway genes in ccRCC tumors via con-
structing a piRNA pathway gene risk prognostic model
(using data derived from TCGA). We found that the piRNA
pathway gene risk model could be an independent prognos-
tic factor in ccRCC. Then, we found that the piRNA pathway
gene TDRD7 was overexpressed in ccRCC. High TDRD7
expression was relevant to tumor progression and immune
infiltrating cells in patients with ccRCC. Our data revealed
that TDRD7 may provide a reliable biomarker for the diag-
nosis and prognosis of ccRCC.

2. Materials and Methods

2.1. The Cancer Genome Atlas (TCGA). TCGA (https://
genomecancer.ucsc.edu/), which is a large, free tumor data
portal of the human genome project, contains the RNA

Type
TDRD6

ASZ1
TDRD1

PLD6
MOV10L1

FKBP6
NHLH1

TDRD12
GPAM
GPAT2

PIWIL1
PIWIL2

PIWIL4
PIWIL3

DDX4
TDRD9
TDRKH
TDRD5
TDRD7
RNF17
MALE
GTSF1
CBX5

DOM3Z
SUV39H1

SETDB2
SETDB1

Pr
im

ar
y 

pi
RN

A
pa

th
w

ay
Se

co
nd

ar
y 

pi
RN

A
pa

th
w

ay
TE

 tr
an

sc
rip

tio
na

l
sil

en
ci

ng

10

8

6

4

2

Type
Normal

Tumor

(a)

SETDB1

SETDB2

PIWIL4
SUV39H1

TDRD7
DOM3ZPLD6

GPAM
TDRD9

CBX5

TDRKH

TDRD5

50

40

30

20

10

0

−
lo

g1
0 

(F
D

R)

−4 −2 0 2 4
logFC

Up

Down

Not

(b)

Figure 1: Differential expression of piRNA pathway genes in ccRCC tissue samples. (a) Heat map of the differential expression of 27 piRNA
pathway genes in ccRCC tissue samples (n = 539) compared with normal kidney samples (n = 72). (b) Volcano plot of 27 piRNA pathway
genes in ccRCC tissue samples. The red dot represents upregulated genes, the green dot represents downregulated genes, and the grey dot
represents unchanged genes. FC: fold change; FDR: false discovery rate.
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sequence and clinical and pathological information of
ccRCC patients. Data on patients with ccRCC in TCGA
included 539 ccRCC tumor specimens and 72 normal
renal specimens. Through R software (https://www.r-
project.org/), the expression of RNA sequences was down-
loaded and matched with clinicopathological information.
All raw data were normalized, log2 transformed, and data
with an average count < 1 gene were eliminated. A ∣log 2
− fold change ∣ >0:5 and a false discovery rate ðFDRÞ <
0:05 as the cut-off values were considered statistically
significant.

2.2. The Gene Expression Omnibus (GEO) Database and Our
Cohort Data. The GEO database, a synthetic gene expression
library maintained by the National Center of Biotechnology
Information (NCBI) (https://www.ncbi.nlm.nih.gov/geo/), is
one of the world’s largest collections of gene chips. The
TDRD7 raw mRNA expression matrix in four ccRCC cohorts

(GSE53757, GSE66270, GSE68417, and GSE76351 datasets)
was obtained by the “Limma” package. The transcriptome-
sequencing data of 34 pairs ccRCC and adjacent normal tis-
sues were referred to in our previous study [13].

2.3. The Human Protein Atlas and Clinical Proteomic Tumor
Analysis Consortium (CPTAC) Database. The Human Pro-
tein Atlas provides proteome and transcriptome information
on a wide range of different human samples. Immunohisto-
chemistry of TDRD7 protein in normal and ccRCC tissues
was derived from this website https://www.proteinatlas.org/
search/TDRD7 . The clinical data andmatched TDRD7 protein
expression in the CPTAC ccRCC database were performed via
the UALCAN website (http://ualcan.path.uab.edu/).

2.4. Prognostic Model Construction and Validation. We ran-
domly divided 530 ccRCC patients into two groups: the
training group (n = 266) and the test group (n = 264) (data
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Figure 2: Identify survival-related piRNA pathway genes in ccRCC patients and development of a prognostic model. (a) The risk ratio forest
plot showed the prognostic value of 6 candidate genes screened out by univariate Cox regression. (b) and (c) LASSO coefficient profiles of 5
piRNA pathway genes; The partial likelihood deviance plot displayed the minimum number corresponds to the covariates utilized for
multivariate Cox analysis. 1, NHLH1; 2, GPAT2; 3, PLD6; 4, TDRD7; 5, SUV39H1; 6, DOM3Z.
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Figure 3: Risk score analysis of the 5 piRNA pathway genes prognostic risk model in the training group ccRCC patients. (a) Kaplan-Meier
survival curve analysis shows the overall survival of high- (n = 133) and low-risk (n = 133) training group ccRCC patients based on the
median risk score calculated using the 5 piRNA pathway genes prognostic risk model. (b) Time-dependent ROC curve analysis shows
the prognostic performance of the 5 piRNA pathway genes prognostic risk model in predicting 1-year, 3-year, and 5-year survival times
of the high- and low-risk training group ccRCC patients. (c) Risk curve analysis of the 5 piRNA pathway genes prognostic risk model in
high- and low-risk training group ccRCC patients. (d) Scatter plots show the survival status of the 5 piRNA pathway genes prognostic
risk model in the training group ccRCC patients. (e) The heat map shows the expression of the 5 piRNA pathway genes prognostic risk
model in high- and low-risk training group ccRCC patients.
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Figure 4: Risk score analysis of the 5 piRNA pathway genes prognostic risk model in the testing group ccRCC patients. (a) Kaplan-Meier
survival curve analysis shows the overall survival of high- (n = 150) and low-risk (n = 114) testing group ccRCC patients based on the
median risk score calculated using the 5 piRNA pathway genes prognostic risk model. (b) Time-dependent ROC curve analysis shows
the prognostic performance of the 5 piRNA pathway genes prognostic risk model in predicting 1-year, 3-year, and 5-year survival times
of the high- and low-risk testing group ccRCC patients. (c) Risk curve analysis of the 5 piRNA pathway genes prognostic risk model in
high- and low-risk testing group ccRCC patients. (d) Scatter plots show the survival status of the 5 piRNA pathway gene prognostic risk
model in the testing group ccRCC patients. (e) The heat map shows the expression of the 5 piRNA pathway gene prognostic risk model
in high- and low-risk testing group ccRCC patients.
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from TCGA). We calculated the risk score for each patient
using the regression coefficients of individual piRNA path-
way genes and the expression values of each selected piRNA
pathway gene obtained from the multivariate Cox risk
model.

The risk score =〠regression coefficient geneið Þ
× expression value of geneið Þ

i = 1, 2,⋯, n

ð1Þ

Risk scores were calculated from a linear combination of
the relative gene expression levels multiplied by the regres-
sion coefficients. The regression coefficients were obtained
by multiple Cox analyses and represented the relative
weights of genes.

2.5. TIMER Database Analysis. TIMER (https://cistrome
.shinyapps.io/timer/) is an online dataset used to assess clin-
ical associations, mutations, and the relationships between
somatic copy number alterations (SCNAs) and the invasion
of seven immune cells in different cancer types. The Spear-
man correlation test was used to analyse the correlation
between TDRD7 expression and the level of immune cell
infiltration.

2.6. Survival Analysis and Receiver Operator Characteristic
(ROC) Curve Analysis of piRNA Pathway Genes. From the
online database Kaplan-Meier Plotter (http://kmplot.com/
analysis/), overall survival (OS) data were downloaded,
where the cut-off value was the median. To verify the diag-
nostic value, the area under the ROC curve (AUC) was cal-
culated by GraphPad Prism 8 (survival data from the TCGA
database) to evaluate the diagnostic value. All P values < 0.05
were considered statistically significant.

2.7. Gene Set Enrichment Analysis (GSEA). According to the
median expression level of TDRD7, the samples in the
ccRCC patient datasets were separated into high and low

expression groups, and GSEA (http://www.gsea-msigdb
.org/gsea/index.jsp) was used to examine whether genes that
were enriched in both groups were involved in life processes
in a meaningful way. FDR ðvalueÞ < 0:25 and P < 0:05 were
considered statistically significant.

2.8. Cell Culture. ccRCC cell lines (786O, ACHN, and A498)
and normal kidney tubular epithelial cell lines (HK-2) were
obtained from the American Type Culture Collection
(ATCC) and cultured in medium with 10% fetal bovine
serum (FBS) at 37°C and 5% CO2.

2.9. RNA Extraction and Quantitative Real-Time PCR.
Extraction of total RNA with TRIzol Reagent (Invitrogen;
Thermo Fisher Scientific). cDNA was reverse transcribed
using the PrimeScript™ RT reagent Kit (Takara, Japan).
qPCR was performed using SYBR Green Real-time PCR
Master Mix (Vazyme, Nanjing, China). The primer
sequences of TDRD7 and β-actin were as follows (5′-3′):
TDRD7, forward TCTGAGAAGTGTGCCAGCAG and
reverse TTTGACGAGCCACAAGCTGA; and β-actin, for-
ward TTTGAGACCTTCAACACCCCA and reverse TTTC
GTGGATGCCACAGGA.

2.10. Statistical Analysis. All data were analysed using SPSS
software (Version 26.0; IBM, Armonk, NY, USA). First, the
normality and homogeneity of variance were tested. When
normality and homogeneity of variance were met, compari-
sons between multiple groups of data were performed by
ANOVA, and two-group comparisons were performed
using Student’s t-test. The results are expressed as the
mean ± standard deviation (mean s ± SD), and P < 0:05 indi-
cates that the difference is statistically significant.

3. Results

3.1. Identification of Differentially Expressed piRNA Pathway
Genes in ccRCC. A total of 539 ccRCC and 72 normal kidney
tissue specimens from TCGA were contained in this study.
We used R software to filter 27 piRNA pathway genes and
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Figure 5: Independent prognostic factor evaluation. (a) Univariate cox regression analysis of the training dataset (TCGA). (b) Multivariate
cox regression analysis of the training dataset (TCGA).
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identified 12 piRNA pathway genes that were differentially
expressed. This included 6 upregulated (SETDB1, DOM3Z,
PIWIL4, SUV39H1, PLD6, and TDRD7) and 6 downregu-
lated (CBX5, TDRKH, TDRD5, GPAM, TDRD9, and
SETDB2) piRNA pathway genes (FDR < 0:05, ∣log2FC ∣ >
0:5) (Figure 1). ∣log2FC ∣ >0:5 was set as the lower limit of
expression abundance of piRNA pathway genes in ccRCC.

3.2. Construction of a Prognostic Model of piRNA Pathway
Genes. To build a prognostic risk model, univariate regres-
sion analysis was performed to identify six piRNA pathway

genes (Figure 2(a)). The LASSO Cox regression model was
used to escape excessive model fitting through multivariate
Cox regression analysis (Figures 2(b) and 2(c)). The risk
scores are shown below:

Risk score = 0:4862 × ExpGPAT2ð Þ + 0:1898 × Exp PLD6ð Þ
+ −0:2101 × ExpTDRD7ð Þ
+ 0:2628 × Exp SUV39H1ð Þ
+ 0:0315 × ExpDOM3Zð Þ:

ð2Þ

1.0

0.8

0.6

0.4

0.2

0.0
0 50 100 150

Pr
ob

ab
ili

ty

Time (months)

HR = 1.38 (1.20-1.87)
logrank P = 0.034

DOM3Z

Number at risk
Low

Low

High

High

266
264 96 15 0

110 25 1

Expression

(a)

HR = 1.47 (1.09-1.99)
logrank P = 0.012

SUV39H1

Number at risk
Low
High

265
265 108 16 1

02498

1.0

0.8

0.6

0.4

0.2

0.0

0 50 100 150

Pr
ob

ab
ili

ty

Time (months)

Low
High

Expression

(b)

HR = 0.41 (0.3-0.57)
logrank P = 1.9e-08

TDRD7

Number at risk

Low
High

266 87 10 0
264 119 30 1

1.0

0.8

0.6

0.4

0.2

0.0
0 50 100 150

Pr
ob

ab
ili

ty

Time (months)

Low
High

Expression

(c)

HR = 1.35 (1-1.82)
logrank P = 0.05

PLD6

Number at risk
Low
High

265 109 23 0
265 97 17 1

1.0

0.8

0.6

0.4

0.2

0.0
0 50 100 150

Pr
ob

ab
ili

ty

Time (months)

Low
High

Expression

(d)

HR = 1.15 (0.85-1.55)
logrank P = 0.36

GPAT2

Number at risk
Low
High

266 111 27 1
264 95 13 0

1.0

0.8

0.6

0.4

0.2

0.0
0 50 100 150

Pr
ob

ab
ili

ty

Time (months)

Low
High

Expression

(e)

100

100

80

80

60

60

40

40

20

20
0

0

GPAT2

Se
ns

iti
vi

ty
 (%

)

100% − specificity (%)

AUC = 0.720
p < 0.001

(f)

PLD6

AUC = 0.669
p < 0.001

100

100

80

80

60

60

40

40

20

20
0

0

Se
ns

iti
vi

ty
 (%

)

100% − specificity (%)

(g)

SUV39H1

AUC = 0.896
p < 0.001

100

100

80

80

60

60

40

40

20

20
0

0

Se
ns

iti
vi

ty
 (%

)

100% − specificity (%)

(h)

TDRD7

AUC = 0.704
p < 0.001

100

100

80

80

60

60

40

40

20

20

0

0

Se
ns

iti
vi

ty
 (%

)

100% − specificity (%)

(i)

DOM3Z

AUC = 0.583
p = 0.704

100

80

60

40

20

0

Se
ns

iti
vi

ty
 (%

)

100806040200

100% − specificity (%)

(j)

Figure 6: Overall survival (OS) Kaplan-Meier and receiver operator characteristic (ROC) curves of 5 piRNA pathway genes in ccRCC. The
survival analyses of (a) DOM3Z (P = 0:034), (b) SUV39H1 (P = 0:012), (c) TDRD7 (P < 0:001), (d) PLD6 (P = 0:05), and (e) GPAT2
(P = 0:360); the ROC curve plots for (f) GPAT2 (AUC = 0:720, P < 0:001), (g) PLD6 (AUC = 0:669, P < 0:001), (h) SUV39H1
(AUC = 0:896, P < 0:001), (i) TDRD7 (AUC = 0:704, P < 0:001), and (j) DOM3Z (AUC = 0:583, P = 0:704) genes in ccRCC are shown.
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3.3. Evaluation of the piRNA Pathway Gene Prognostic Risk
Model. We first analysed 266 patients separated into high-
and low-risk groups (based on the median risk score) in
the training group. Kaplan-Meier survival curve analysis
showed that compared with that of the low-risk group of
ccRCC patients, the OS of the high-risk group of ccRCC
patients was significantly reduced (Figure 3(a)). The predic-
tive performance of the prognostic risk model was measured
using a ROC curve, which individually showed AUC values
for 1 year of 0.707, for 3 years of 0.713, and for 5 years of
0.701 (Figure 3(b)). We then analysed their distribution by
ranking the risk scores of patients for OS (Figure 3(c)).
The dot plots show the OS status of a single patient with
ccRCC (Figure 3(d)). The heat maps show the expression
levels of the risk genes in the training group (Figure 3(e)).
These results demonstrate the moderate performance of
the prognostic prediction model based on piRNA pathway
gene characteristics. Then, we used the same methods in
the test group and evaluated the predictive performance of
the prognostic risk model. This result is similar to the above
result (Figure 4). These results prove the stable performance
of the prognostic prediction model based on piRNA path-
way genes.

3.4. The Prognostic Model Based on the piRNA Pathway Was
an Independent Risk Factor for OS in ccRCC Patients. The
TCGA ccRCC dataset was used to verify the features we
identified, and miscellaneous clinical parameters were used
as independent prognostic factors for ccRCC by univariate
and multivariate Cox regression analysis. Univariate analysis
showed that the piRNA pathway gene risk score, stage, T
classification, and metastasis classification were markedly
correlated with OS (all P < 0:05). Moreover, multivariate
analysis indicated that the piRNA pathway gene risk score
and metastasis classification were significantly related to
OS (all P < 0:05). Hence, the piRNA pathway genes could
be an independent prognostic factor for patients with ccRCC
(Figure 5, Table S1).

3.5. Survival and ROC Curve Analysis of the Five piRNA
Pathway Genes. We enforced OS survival analysis to esti-
mate the prognostic influence of the expression of the five
piRNA pathway genes in ccRCC patients by the Kaplan-
Meier Plotter website. The results showed that high expres-
sion of DOM3Z (P = 0:034) and SUV39H1 (P = 0:012) pre-
dicted poor OS and that low expression of TDRD7
(P < 0:001) predicted poor OS (Figures 6(a)–6(c)). However,
the expression of PLD6 (P = 0:05) and GPAT2 (P = 0:36)
was not significantly related to OS (Figures 6(d) and 6(e)).
We then used ROC curves to estimate the diagnostic role
of the five piRNA pathway genes in ccRCC. A total of 72
pairs of ccRCC tissues and normal renal tissues from TCGA
were used as a control to produce this ROC curve. The
results showed that GPAT2 (AUC = 0:720, P < 0:001)
(Figure 6(f)), PLD6 (AUC = 0:669, P < 0:001) (Figure 6(g)),
SUV39H1 (AUC = 0:896, P < 0:001) (Figure 6(h)), and
TDRD7 (AUC = 0:704, P < 0:001) (Figure 6(i)) could effec-
tively differentiate ccRCC patients. However, the expression
of DOM3Z was not significantly associated with OS
(Figure 6(j)). Overall, the results indicated that the expres-
sion of the five piRNA pathway genes was markedly associ-
ated with the prognosis and diagnosis of ccRCC patients and
could be useful as a biomarker for the prognosis of ccRCC
patients and as diagnostic targets for ccRCC. According to
previous results, we believe that TDRD7 is a key gene of
the piRNA pathway in ccRCC. Thus, we chose TDRD7 for
further study.

3.6. Expression Levels of TDRD7 in ccRCC Patients. Tran-
scriptome sequencing data from the TCGA dataset were
used to assess the expression level of TDRD7 in ccRCC.
TCGA results revealed that the TDRD7 expression level
was upregulated in ccRCC tissues (Figure 7(a)). We used
microarray data from GEO (GSE66270, GSE53747,
GSE66270, and GSE68417) to further confirm the expres-
sion of TDRD7 in ccRCC. The results showed that
TDRD7 was also highly expressed in ccRCC tissues
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Figure 7: TDRD7 was overexpressed in ccRCC. (a) The left panel shows the TDRD7 mRNA expression was compared between normal
tissues (n = 72) and ccRCC (n = 539) tissues in TCGA database; the right panel shows the TDRD7 expression was compared between
normal tissues (n = 72) and matched ccRCC (n = 72) tissues in TCGA database. (b)–(e) The expression of TDRD7 mRNA in ccRCC and
normal tissues in GEO database, including GSE66270 (n = 28), GSE53537 (n = 144), GSE68417 (n = 43), and GSE76351 (n = 24). (f) The
expression of TDRD7 in our ccRCC chort patient’s transcriptome-sequencing data. (g) The expression of TDRD7 protein in ccRCC
tissues and normal kidney tissues (data from CPTAC). (h) The level of TDRD7 protein in RCC tissue was higher than that in normal
kidney tissue in the Human Protein Atlas (Antibody CAB020800, 10X). (i) The expression of TDRD7 mRNA in ccRCC cell lines (786O,
ACHN, and A498) and human normal kidney epithelial cell (HK-2). ∗P < 0:05; ∗∗P < 0:01; ∗∗∗P < 0:001.
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(Figures 7(b)–7(e)). Moreover, similar results were
observed in our ccRCC patient cohort transcriptome-
sequencing data (Figure 7(f)). In addition, compared with
that of normal tissues, the protein expression level of
TDRD7 in ccRCC tissues was significantly higher (data
from the CPTAC) (Figure 7(g)). The TDRD7 immunohis-
tochemistry (IHC) results were obtained from the Human
Protein Atlas and were in line with the results obtained
from the CPTAC (Figure 7(h)). Moreover, qRT-PCR
detected that all of the ccRCC cell lines exhibited high
TDRD7 expression levels in contrast to that of the normal
kidney epithelial cell line (HK-2) (Figure 7(i)).

3.7. Clinical Features Related to TDRD7 Expression in
ccRCC. To further identify the underlying role of TDRD7
based on clinical data, we reviewed the clinical data of the

TCGA ccRCC patients. Clinical pathological parameters
included the individual cancer stages, TNM classification,
grade, age, and sex of patients. The expression of TDRD7
was markedly upregulated in ccRCC classified as stages I–
IV (Figure 8(a)), grades 1–4 (Figure 8(b)), or T classification
1-4 compared with that of normal renal tissues (Figure 8(c)).
Moreover, low expression of TDRD7 mRNA was markedly
correlated with metastasis (Figure 8(d)) and sex
(Figure 8(e)). Neither the correlation between TDRD7
expression and age (Figure 8(f)) nor that between TDRD7
expression and N classification (Figure 8(g)) in patients with
ccRCC was significant. The N classification result may be
caused by the small sample size (only 16 patients were
lymph node-positive). We further studied the correlation
between the TDRD7 protein expression level of ccRCC
patients and the abovementioned clinicopathological
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Figure 8: TDRD7 expression was associated with clinicopathological characteristics of patients with clear cell renal cell carcinoma (ccRCC).
The TDRD7 mRNA expression level for the patient characteristics of (a) stage, (b) grade, (c) T classification, (d) metastasis classification, (e)
gender, (f) age, and (g) lymph node classification. The TDRD7 protein expression level for the patient characteristics of (h) pathologic stage
and (i) grade. The data are presented as the means ± SD. ∗P < 0:05; ∗∗∗P < 0:001; NS: no significance.
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characteristics. The results showed that the increase in
TDRD7 protein expression was related to tumor stage and
tumor grade (Figures 8(h) and 8(i)).

3.8. Correlation between TDRD7 Expression and Tumor
Immune Infiltrating Cells (TICs). We analysed the relation-
ship between TDRD7 expression and TICs in ccRCC using
the TIMER database. The results showed that B cells
(r = 0:288, P = 3:35E − 10), CD8+ T cells (r = 0:374, P =
5:70E − 16), CD4+ T cells (r = 0:187, P = 5:58E − 5), macro-
phages (r = 0:314, P = 1:01E − 11), neutrophils (r = 0:375, P
= 9:77E − 17), and dendritic cells (r = 0:333, P = 2:85E − 13
) were positively correlated with the expression levels of
TDRD7 (Figure 9(a)). Moreover, we found that TDRD7
copy number variation (CNV) was closely related to the
degree of infiltration of CD8+ T cells, CD4+ T cells, and neu-
trophils (Figure 9(b)). We further generated Kaplan-Meier
curves to study the difference in survival between TDRD7

expression and immune infiltrating cells. We found that
CD8+ T cell infiltration (P = 0:041), macrophages
(P = 0:040), and TDRD7 expression (P < 0:001) were mark-
edly associated with ccRCC prognosis (Figure 9(c)).

3.9. GSEA for Identification of TDRD7-Related Signalling
Pathways in ccRCC. To further validate the relevant signal-
ling pathways activated in ccRCC, we performed GSEA by
comparing the high and low TDRD7 expression groups.
GSEA showed positive enrichment of a large number of
genes in the TDRD7 high expression group, including the
PI3K/AKT/mTOR signalling pathway (normalized enrich-
ment score ðNESÞ = 2:25, FDR = 0:006, Figure 10(a)),
mitotic spindle signalling pathway (NES = 2:19, FDR =
0:007, Figure 10(b)), and TGF-β signalling pathway
(NES = 2:05, FDR = 0:012, Figure 10(c)). Together, these
results show that TDRD7 might affect tumor proliferation
and metastasis and inhibit apoptosis.
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Figure 9: Correlation between TDRD7 and tumor immune infiltrating cells. (a) Correlation between the expression of TDRD7 and immune
infiltrating cells in clear cell renal carcinoma (ccRCC). (b) TDRD7 CNV affects the infiltrating levels of CD4+ T cell, CD8+ T cell, and
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∗∗∗P < 0:001. ns: no significant.
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4. Discussion

Currently, with the improvement in ccRCC diagnostic tech-
nology, the diagnostic rate of ccRCC has been greatly
advanced. However, a large number of patients still fail to
obtain the best treatment due to a lack of early clinical symp-
toms and sensitive biomarkers. According to reports, a host
of piRNAs play an important role in ccRCC [11, 14, 15].
piRNA pathway genes are essential for the formation of piR-
NAs. However, few studies have focused on the mechanism
of piRNA pathway genes and their roles in ccRCC. There-
fore, we explored which piRNA pathway genes can be used
as novel effective prognostic biomarkers for patients with

ccRCC. In this study, the expression of twenty-seven piRNA
pathway genes was analysed in ccRCC using the TCGA
database, and then, five of the genes were used to build a
prognostic risk model. We then selected TDRD7 for further
verification.

TDRD7 is a member of the Tudor domain RNA bind-
ing (TDRD) protein family. The TDRD protein family,
named because it contains one or more Tudor domains,
is an evolutionarily conserved family of methylated argi-
nine binding proteins [16, 17]. The TDRD protein family
is involved in the formation of the nuage, the piRNA
pathway in the gametes, and the occurrence of cancer
[18–23]. TDRD7 contains three helix-turn-helix (HTH)
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Figure 10: Gene Set Enrichment Analysis (GSEA) of TDRD7 in ccRCC. Pathway enriched in the PI3K/AKT/mTOR signalling pathway (a),
mitotic spindle signalling (b), and TGF-β signalling (c).
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domains and two Tudor domains, is widely expressed in
the germline and testis, and is associated with reverse
transposon inhibition of long interspersed nuclear
elements-I (LINE-I) [10]. In our study, by differential gene
expression analysis, we found that TDRD7 is highly
expressed in ccRCC samples compared with normal kid-
ney specimens. However, when compared the expression
of TDRD7 in ccRCC samples with different grades and
stages, we noticed that TDRD7 is upregulated in lower
malignancy or later stages of ccRCC. Moreover, we found
that ccRCC patients with lower TDRD7 expression had a
poorer prognosis. These controversial findings obfuscate
the role of CHAC1 in the initiation or progression of
KIRC [24]. Relevant literature has confirmed that tumor
immune infiltration cells are associated with the prognosis
of ccRCC patients [25, 26]. The TIMER database showed
that the expression level of TDRD7 in ccRCC was posi-
tively correlated with the expression levels of tumor
immune infiltration cells. This result indicated that
TDRD7 may be involved in the immune response of the
ccRCC tumor microenvironment. Survival analysis also
found that ccRCC patients with low expression of CD8+

T cells and macrophages had a worse prognosis. Above,
we mentioned that TDRD7 is upregulated in ccRCC tis-
sues, but its high expression is related to a good prognosis
in ccRCC. We hypothesized that the overexpression of
TDRD7 promotes the infiltration of CD8+ T cells and
macrophages in ccRCC and ultimately slows tumor
progression.

To further confirm the potential mechanism of TDRD7
in ccRCC, GSEA was carried out and showed that the high
expression of TDRD7 was related to the PI3K/Akt/mTOR
signalling, mitotic spindle signalling, and TGF-β signalling
pathways. Previous studies have demonstrated that TGF-β
induced epithelial to mesenchymal transition (EMT) in
hepatocellular carcinoma (HCC) through the PI3K/Akt/
mTOR signalling pathways [27]. Hence, these results have
shown that TDRD7 may regulate the oncogenesis of ccRCC
via the TGF-β/PI3K/Akt/mTOR signalling pathways. Of
course, this study also had several limitations. We only pre-
dicted that TDRD7 could be used as a predictor and diag-
nostic marker through the database, while functional
experiments of TDRD7 were lacking, so there was no further
verification of our hypothesis in ccRCC.

5. Conclusions

In summary, we first found that piRNA pathway genes have
different expression levels in ccRCC. Then, we determined
that the piRNA pathway gene risk model could be an inde-
pendent prognostic factor in ccRCC. Furthermore, we chose
the piRNA pathway gene TDRD7 for further study. Our
results indicated that decreased expression of TDRD7 may
be useful in predicting the poor prognosis of patients with
ccRCC and may inhibit tumor immune cell infiltration in
ccRCC. Moreover, this study revealed that TDRD7 could
become a potential diagnostic and prognostic target for
ccRCC.
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