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Transcriptomics analysis revealed that TAZ
regulates the proliferation of KIRC cells
through mitophagy

Zhen He'?", Jianxi Shi'", Bing Zhu', Zhentao Tian? and Zhihong Zhang'"

Abstract

Transcriptional Co-Activator with PDZ-Binding Motif (TAZ, also known as WWTRT1) is a downstream effector of

the Hippo pathway, involved in the regulation of organ regeneration and cell differentiation in processes such

as development and regeneration. TAZ has been shown to play a tumor-promoting role in various cancers.
Currently, many studies focus on the role of TAZ in the process of mitophagy. However, the molecular mechanism
and biological function of TAZ in renal clear cell carcinoma (KIRC) are still unclear. Therefore, we systematically
analyzed the mRNA expression profile and clinical data of KIRC in The Cancer Genome Atlas (TCGA) dataset. We
found that TAZ expression was significantly upregulated in KIRC compared with normal kidney tissue and was
closely associated with poor prognosis of patients. Combined with the joint analysis of 36 mitophagy genes, it
was found that TAZ was significantly negatively correlated with the positive regulators of mitophagy. Finally, our
results confirmed that high expression of TAZ in KIRC inhibits mitophagy and promotes KIRC cell proliferation. In
conclusion, our findings reveal the important role of TAZ in KIRC and have the potential to be a new target for KIRC
therapy.

Keywords Renal clear cell carcinoma (KIRC), Transcriptional co-activator with PDZ-Binding motif (TAZ), The Cancer
Genome Atlas (TCGA), Mitophagy

Introduction KIRC is increasing year by year. Most KIRCs are detected

Renal cell carcinoma (KIRC) is the sixth most common
cancer in men and the tenth most common cancer in
women worldwide [1]. So far, the subtypes of KIRC are
mainly divided into clear cell carcinoma, papillary car-
cinoma and chromophobe carcinoma. The incidence of
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incidentally, but a significant number develop locally
advanced disease or even distant metastases [2]. KIRC is
the 13th most common cause of cancer death worldwide,
according to the latest figures from the World Health
Organization [3]. KIRC has become a major challenge to
human health, and it is urgent to explore the mechanism
of its occurrence and development.

Mitophagy, as a type of selective autophagy, is selec-
tive autophagy to remove defective mitochondria, and
is one of the most important mechanisms for cells to
maintain healthy mitochondria. Autophagy is often
involved in the regulation of cell death and, among
other things, can affect or regulate processes such
as inflammation, innate immunity, and host defense
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[4, 5]. Studies have shown that autophagy is associ-
ated with various kidney diseases such as acute kid-
ney injury, chronic kidney disease and kidney cancer.
It has been shown that low expression of melanoma-
deficient protein 2 (AIM2) in KIRC is associated with
poor prognosis, whereas high expression of AIM2
was demonstrated to enhance the expression of
autophagy-associated genes Bcl-2, Beclin-1, LC3-II,
and ATG-5 in KIRC cells, and it has been found that
blockade of autophagy by 3-methyladenine (3-MA)
abrogated the suppression of cell migration and inva-
sion by overexpression of AIM2, suggesting that AIM2
inhibits malignant behavior of KIRC by enhancing
autophagy [6]. At the same time, autophagy also has
great research potential in the treatment of KIRC.
Autophagy-modulating compounds such as evero-
limus (an mTOR inhibitor and autophagy activator)
and hydroxychloroquine (an autophagy inhibitor) have
recently been used in phase I/II trials in combination
therapy for advanced KIRC [7]. In summary, autoph-
agy is closely linked to the proliferation and invasive
ability of KIRC cells and has a greater research pros-
pect in the treatment of KIRC.

Transcriptional Co-Activator with PDZ-Binding
Motif (TAZ, also known as WWTR1), similar to Yes-
associated Protein (YAP), is a downstream effector
of the Hippo pathway and is required for the regen-
eration of different organs [8]. Excessive activation of
TAZ is now widely believed to promote cancer devel-
opment. One study showed that YAP/TAZ promotes
glycolysis and NF2-deficient KIRC growth through
transcriptional and PI3K-AKT signaling pathways. The
study also found that combined inhibition of YAP/TAZ
and MEK durably blocked the growth of NF2-deficient
KIRC cells [9]. Yang et al. showed that TAZ regu-
lates ferroptosis in KIRC cells by modulating EMP1-
NOX4-mediated cell density [10]. In addition, TAZ is
also closely related to mitophagy. Fan et al. found that
PINK1-dependent mitophagy regulated the migration
and homing of multiple myeloma cells by activating
the MOBIB-mediated Hippo-YAP/TAZ pathway [9].
Therefore, the role of TAZ in KIRC deserves our fur-
ther exploration.

In recent years, the incidence of KIRC is increasing
year by year, and the study of the biological mecha-
nisms and therapeutic strategies of KIRC is an urgent
scientific problem. Recent studies have shown that
autophagy is closely related to KIRC, and there is evi-
dence that autophagy-related genes and regulators
have a significant impact on the biological behavior of
KIRC. Mitophagy, as a type of autophagy, is a promis-
ing research direction in the field of KIRC. TAZ is a
mitophagy-related gene and is closely related to KIRC.
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Therefore, our study mainly explores the potential
mechanism of TAZ and mitophagy in KIRC.

Materials and methods

This experiment does not involve any human experimen-
tation and the use of human tissue samples. All proce-
dures conducted in this study using human data were in
accordance with the Declaration of Helsinki. All experi-
mental protocols in this study were approved by the
Research Ethics Committee of The Second Hospital of
Tianjin Medical University.

Collection and progression of public data

The 36 genes related to mitophagy were obtained from
the molecular signature database (MSigDB). Obtained
KIRC’s mRNA expression profile data (https://xena.ucsc.
edu/) and clinical data from the TCGA database. The
expression profile and clinical data of E-MTAB-1980
renal carcinoma was obtained from the Array Express
database. TCGA-KIRC includes 535 tumor samples and
72 normal tissue samples, E-MTAB-1980 includes 100
tumor data. TCGA-KIRC mRNA expression values were
normalized and converted to log2(TPM+1) format.
E-MTAB-1980 data for subsequent model validation.

Screening of differentially expressed genes and prognostic
genes

The limma package (https://www.bioconductor.org/) was
used to compare the tumor and normal data in TCGA-
KIRC and calculate the differential expression analysis.
Genes with|LogFC|>1 and corrected P-value <0.05 were
defined as differentially expressed genes. The KIRC dif-
ferentially expressed genes and mitophagy-related genes
were intersected, and finally 9 overlapping mitophagy-
related differential genes were screened out. To further
explore the clinical guiding value of differential genes, we
matched mitophagy-related genes in TCGA-KIRC with
clinical data, and performed univariate cox regression
analysis using the survival package, and the log-rank test
evaluated the difference in prognosis, and mitophagy-
related genes with a P value less than 0.05 were defined
as KIRC prognosis-related genes. Further use the GEPIA
(http://gepia.cancer-pku.cn/) website to draw Kaplan-
Meier survival curves of prognosis-related genes to verify
the ability of genes to affect patient prognosis.

Interaction of mitophagy-related genes

Submit nine KIRC prognostic-related mitophagy genes
to STRING website (https://www.string-db.org/) for
protein interaction analysis, and draw a protein-pro-
tein interaction network diagram. Extract the mRNA
expression data of these 9 genes, and use the rcorr
function in the Hmisc package to calculate the cor-
relation of the 9 genes at the mRNA level based on
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the Pearson method, and explore co-expressed genes.
Download 50 cancer-related Hallmark pathways in
the (MSigDB), use the GSVA package to calculate the
activity of 50 pathways in KIRC, further match with
the mRNA expression data of 9 genes, and calculate
the correlation between the 9 mitophagy-related genes
(MPRGSs) and 50 pathway activities, so as to explore
the underlying molecular mechanism of MPRGs.

Establishment and validation of a prognostic model for
MPRGs

Combine the expression data of prognostic MPRGs
with clinical data, use Lasso-penalized Cox (LASSO-
Cox) regression analysis to exclude genes with overfit-
ting tendency, and construct a prognostic model with
the glmnet R package. A risk model was constructed in
TCGA-KIRC using LASSO regression analysis, and a
risk score was obtained using the obtained coefficients
and gene expression values. The risk score formula is
as follows: Riskscore = sum(Expgenexcoef).

The ideal cut off value of genes were determined by
survey point R function based on survey R package,
then the samples were divided into high -/low expres-
sion group to depot Kaplan Meier survival curve. Use
the surv_cutpoint function in the survminer pack-
age to calculate the optimal cut-off value for the risk
score, and divide the TCGA-KIRC data into high-
risk and low-risk groups. The predictive power of the
prognostic models was assessed using the plotting of
Kaplan-Meier survival curves and Receiver operating
characteristic (ROC) curve analyzes (“survivalROC”
package). ROC curves were quantified using the area
under the curve (AUC). The expression of related
genes in the high and low risk groups is displayed with
a heat map. The same analysis was performed in the
E-MTAB-1980 data to test the generalizability of this
risk score. In order to further study the robustness of
the risk prediction model, we applied the risk score
to different subgroups of clinical factors, and drew
Kaplan-Meier survival curves for validation.

Build a nomogram model

Univariate and multivariate Cox regression analyzes
were performed on the risk score and clinical variables
in TCGA-LIHC and E-MTAB-1980, and the results
showed that the risk score was an independent risk
factor in the univariate and multivariate Cox regres-
sion (P<0.05). We used the “rms” R package to build a
nomogram model for predicting prognosis, which pro-
vided more accurate prognosis predictions for clinical
patients based on risk scores and clinical characteris-
tics. In addition, the area under the ROC curve (AUC)
and the calibration plot were used to estimate the dis-
crimination accuracy. AUC value greater than 0.7 is a

Page 3 of 12

reasonable estimate. Decision curve analysis (DCA)
was then used to evaluate the clinical utility of the
nomogram model.

Cell culture and reagents

Human renal cortical proximal tubule epithelial cell
(HK2) and human renal cancer cells (A498 and 786-0)
were obtained from the Shanghai Cell Bank of the Type
Culture Collection Center of the Chinese Academy of
Sciences. HK2 was cultured in DMEM (HyClone, USA)
supplemented with 10% fetal bovine serum (HyClone,
USA) and penicillin streptomycin (100 units/ml) in a 37
° C and 5% CO2 incubator. A498 in an incubator at 37 °C
and 5% CO2 in MEM (HyClone, USA) supplemented
with 10% fetal bovine serum (HyClone, USA) and peni-
cillin-streptomycin (100 units/ml) cultivated in. 786-O
in an incubator at 37 °C and 5% CO2 in RPMI-1640
(HyClone, USA) supplemented with 10% fetal bovine
serum (HyClone, USA) and penicillin-streptomycin (100
units/ml) cultivated in.

siRNA molecule transfection

siRNA was purchased from Suzhou Gemma Gene Co.,
Ltd. Cultivate the experimental cells in the rapid growth
phase to an appropriate number and density, and trans-
fect siRNA and non-target siRNA (disruption control)
into the cells according to the experimental procedure
of the manufacturer’s instructions. Cells were cultured
for 48 h after transfection, and then related experiments
were performed. Sequences of TAZ-siRNA and Scramble
siRNA were as follows (5’-3"): TAZ-siRNA#1 GCUCAU
GAGUAUGCCCAAUTT; TAZ-siRNA#2 GGACAAAC
ACCCATGAACA; TAZ-siRNA#3 GGUACUUCCUCAA
UCACAUTT, and Scramble siRNA UUCUCCGAACGU
GUCACGUTT (GenePharma Co., Ltd., Suzhou, China).

JC-1 assay

The experiment uses the mitochondrial membrane
potential detection kit (JC-1) (Beyotime, China), JC-1 is
an ideal probe widely used to detect the mitochondrial
membrane potential. When the mitochondrial mem-
brane potential is high, it produces red fluorescence;
when the mitochondrial membrane potential is low, it
produces green fluorescence.

ATP detection

The ATP content in the experimental samples was
detected using the ATP detection kit (Beyotime, China)
according to the experimental procedures in the manu-
facturer’s instructions. ATP content normalized to cell
number.
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10 ADP/ATP ratio

The content of adenosine diphosphate (ADP) and ade-
nosine triphosphate (ATP) in the experimental samples
was determined using the ADP/ATP Ratio assay kit
(Abnova, Wu Han, China). (A) Release ADP and ATP in
the cells: use the working solution in the kit to lyse the
cells, ATP can react with the substrate D-luciferase to
generate fluorescence, and measure the concentration of
ATP in the cells according to the fluorescence intensity;
(B) ADP is converted into ATP by enzymatic reaction,
and then measured again by step A.

11 western blot analysis

First, extract the proteins of various renal cell carcinoma
cells (HK2, A498, 786-0), and use the BCA method to
determine the protein concentration. An equal amount
of protein was added to a 10% polyacrylamide gel elec-
trophoresis plate (SDS-PAGE), followed by electrophore-
sis, membrane transfer and blocking. Based on the kDa
value of the target band and the Marker band as a refer-
ence, the region where the target protein is located is cut
with a width of about 1 cm. Then, the cut band is sub-
jected to subsequent operations such as applying primary
and secondary antibodies. Finally, use ECL luminescent
liquid to expose and take pictures. Antibodies TAZ and
GAPDH used in this study were purchased from Protein-
tech Wuhan.

12 statistical analysis

Differences between the two groups were compared
using unpaired t-test. Univariate and multivariate Cox
regression analysis was used to analyze the relationship
between each variable and the prognosis of patients.
The log-rank test assessed the difference in prognosis.
In all analyses, p-values<0.05 were considered statisti-
cally significant. The data of this experiment are shown
as mean+SEM of three independent experiments, n.s.,
no significant; *, P-value<0.05; **, P-value<0.01; ***,
P-value <0.001; ****, P-value <0.0001.

Result

Mitophagy-related genes (MRGs) differential expression
and prognosis analysis

The flow chart of this study is shown in Fig. 1A. We
first use the limma R-package to calculate the differ-
entially expressed genes (DEGs) of TCGA-KIRC, and
take the intersection with mitophagy-related genes (the
screening condition is that the absolute value of LogFC
is greater than 0.5, and the corrected P value is less than
0.05). We found that 9 mitophagy-related genes were dif-
ferentially expressed in KIRC (Fig. 1B and C). Among
them, TAZ was up-regulated in tumor tissue compared
with para-cancerous tissue, and the expression of the
remaining eight genes (including SLC25A4, SLC25A5,
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PARK, PINK1, MFN2, HUWE1, VPS13D, and LRBA)
was down-regulated in tumor tissue (Fig. 1D and E). Fur-
ther univariate cox regression analysis, we found that all
MRGs were associated with the overall survival of KIRC
patients, these genes we called mitophagy prognosis-
related genes (MPRGs). Interestingly, TAZ was a risk fac-
tor for the prognosis of KIRC patients, and the remaining
8 down-regulated genes were protective factors for the
prognosis of KIRC patients (Fig. 1F). Survival analysis of
KIRC patients was performed using the GEPIA website.
Based on the median value of gene expression, patients
were divided into high and low expression groups and
Kaplain-Meier survival curves were drawn. Consistent
with Fig. 1F, patients with high expression of TAZ had a
poorer prognosis, while patients with high expression of
the remaining eight genes had a better prognosis (Figure
S1).

Cross-talk and molecular mechanism between MPRGs

We further analyzed the protein-protein interaction
relationship of MPRGs and drew the protein-protein
interaction network (PPI, Protein-Protein interac-
tion). Except for LRBA, we found protein interactions
among the remaining eight genes (Fig. 2A). In addi-
tion, we also found that there is a co-expression (Co-
expression) relationship between MPRGs at the mRNA
level (Fig. 2B). For example, HUWELI is highly posi-
tively correlated with PINK1, VPS13D, and LRBA, but
not significantly correlated with TAZ expression. TAZ
was negatively correlated with positive regulators of
mitophagy such as SLC25A4, SLC25A5, VPS13D, sug-
gesting that TAZ plays an opposite role to other genes
in KIRC. Mechanistically, TAZ is negatively correlated
with various cancer-related HALLMARK pathways,
such as Protein_secretion, Estrogen_response_late,
MTORCI1_signaling, HEME_Metabolism, bile_acid_
metabolism and other pathways. The remaining
genes were significantly positively correlated with the
above pathways (Fig. 2C). In conclusion, TAZ and
other MPRGs may play opposite roles in function and
mechanism.

MPRGs risk characteristic construction

To screen genes closely related to the prognosis of
KIRC patients, we combined the mRNA expression
profiles of MPRGs with clinical data, and divided
KIRC patients into a training set and a test set in a 1:1
ratio. In the training set, Lasso-Cox regression analy-
sis was used to construct the risk feature, and the risk
score was calculated based on the expression value of
the gene and the lasso regression coefficient, and the
test set was used for verification. Further used time-
dependent ROC curve and survival analysis to evalu-
ate the accuracy and robustness of risk characteristics
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Fig. 1 MRGs differential expression and prognosis analysis. (A) Schematic diagram of the research; (B) Venn diagram analysis revealed differentially ex-
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Fig. 2 Cross-talk and molecular mechanism between MPRGs. (A) Protein-protein interaction (PPl) network diagram of mitophagy genes; (B) The heat
map showed the co-expression relationship between mitophagy-related genes on mRNA, red is positive correlation, blue is negative correlation; (C) The

heat map showed the correlation between the expression of mitophagy gene

mRNA and the activity of the cancer-related Hallmark pathway, red is posi-

tive correlation, blue is negative correlation, and the size of the circle represents significance (-log10(P-value))

(Fig. 3A). The results show that when log(lamda) is
equal to 5, the mean square error of the model is the
smallest (Fig. 3B). Figure 3C shows the variation of the
coefficients of each MPRGs. Ultimately, we identified
five MPRGs for constructing the risk score (Fig. 3D),
and the formula is as follows:

Riskscore < —0.06784233 * SLC25A4
—0.19829176 « PARK2
— 0.14039185 * PINK1
+0.12976024 * TAZ
—0.22091230 « LRBA

Used surv_cutpoint in the survminer package to deter-
mine the most appropriate cut-off value (cut-off value),
patients above the cut-off value were high-risk group,
patients below the cut-off value were low-risk group.

We found that in the training and test sets, patients in
the high-risk group predicted significantly worse than
the lower-risk group (Fig. 3E). The time-dependent ROC
curve shows that the risk score has high accuracy in the
training set and test set (training set: 3-year AUC=0.663,
5-year AUC=0.714, 7-year AUC=0.726; test set: 3-year
AUC=0.702, 5-year AUC=0.688, 7-year AUC=0.686).

Relationship between MPRGs risk characteristics and
clinical variables

We combined the data from the training and validation
sets to further analyze the relationship between MPRGs
risk scores and clinical variables. Across the entire
TCGA-KIRC cohort, we found that high-risk patients
were associated with higher pathological stage and his-
tological grade, independent of age and sex (Fig. 4A). In
addition, the number of dead patients in the high-risk
group was more than that in the low-risk group, and the
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Fig. 3 Construction of MPRGs risk characteristics. (A) Schematic diagram of the construction and verification of the clinical prediction model; (B) Lasso
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expression of TAZ was significantly high in the high-
risk group, and the expression of PARK2, SLC25A4,
PINK1, and LRBA were significantly low, which was
consistent with the results in Fig. 1F (Fig. 4A). In addi-
tion, the prognosis of KIRC patients in the high-risk
group was significantly worse, and the risk score showed
high accuracy (Fig. 4B and C) (3-year AUC=0.6804,
5-year AUC=0.7019, 7-year AUC=0.7049). The above
results were verified in an external validation cohort
(E-MTAB-1980 dataset) (Fig. 4D-F). In addition, we
divided patients into different clinical subgroups to
observe the difference in prognosis of patients in high
and low risk groups, and the results were shown in dif-
ferent clinical subgroups (such as cohort of patients
older than 60 years and cohort of patients younger than
60 years), patients in the high-risk group all showed
worse prognosis. It shows that the risk we constructed
has strong robustness (Robustness), and can be used to

evaluate the prognosis of KIRC patients in different clini-
cal subgroups (Figure S2A and B).

Clinical nomogram construction

We further combined the risk score with the four clini-
cal indicators of TCGA-KIRC (Age, Stage, Grade, Gen-
der), and used multivariate Cox regression and stepwise
regression to further screen variables. Results showed
that risk score, age, stage, and grade were independent
prognostic factors, independent of other clinical fac-
tors in predicting patient outcomes (Fig. 5A). There-
fore, we incorporated these four indicators together
into the nomogram model to predict the 3-year, 5-year,
and 7-year survival possibilities of patients (Fig. 5B).
Time-dependent ROC curve, calibration curve (calibra-
tion curve) and decision curve analysis (DCA) showed
that these four indicators were more accurate in pre-
dicting patient prognosis (3-year AUC=0.8070, 5-year
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AUC=0.7656, 7-year AUC=0.7453) than any one indi-
cator alone, and the clinical benefit was higher (Fig. 5C-
E). In the E-MTAB-1980 cohort, we performed the same
analysis and the results were consistent with the TCGA
cohort (3-year AUC=0.9422, 5-year AUC=0.9087, 7-year
AUC=0.8161) (Fig. 5E-]).

High expression of TAZ inhibits mitophagy in KIRC

To explore the effect of TAZ on mitophagy in KIRC, we
selected human renal cortical proximal tubular epithe-
lial cell (HK2) and two types of KIRC cells (A498, 786-0)
with different malignant degrees for follow-up research.
We found that the TAZ-encoded protein was expressed

at a low level in HK2, but at a high expression level in
A498 and 786-0 (Fig. 6A). To explore whether TAZ plays
a role through mitophagy, we first knocked down TAZ
in A498 and 786-0 (Fig. 6B). The depolarization of dam-
aged mitochondria and the loss of membrane potential
are one of the hallmarks of mitophagy. To explore the
effect of TAZ expression level on mitophagy, we per-
formed mitochondrial membrane potential detection
experiments, and the results showed that compared with
the control group, the mitochondrial membrane poten-
tial of the TAZ knockout group was significantly reduced
(Fig. 6C). We detected the ATP content and ADP/ATP
Ratio, and the results showed that the ATP content in the
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TAZ knockdown group decreased (Fig. 6D), while the
ADP/ATP Ratio increased significantly (Fig. 6E). These
results indicated that TAZ knockout led to disorder of
ATP metabolism, increased mitochondrial damage, and
promoted mitophagy. To investigate the effect of TAZ on
the viability of KIRC cells, we found that the cell viability
in the TAZ knockout group was significantly reduced by
CCK8 assay (Fig. 6F). In summary, our results confirmed
that high expression of TAZ inhibits mitophagy in KIRC
cells, and after knockout of TAZ increased mitochondrial

damage and ATP metabolism disorders, thereby promot-
ing mitophagy.

Discussion

Mitochondria are highly dynamic double-membrane
organelles involved in a wide range of biological processes
such as ATP production, lipid metabolism, and genera-
tion of reactive oxygen species (ROS) [11]. Link between
mitochondrial dysfunction and cancer isn't just about
metabolism. Since mitochondria are the “competence
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factories” of the cell, they are often exposed to high levels
of ROS, making them susceptible to mitochondrial DNA
mutations and protein misfolding [12]. Mitophagy is the
process of autophagy in damaged mitochondria, which
is mainly induced by mitochondrial membrane depo-
larization or changes in mitochondrial DNA [13]. Thus,
mitochondrial activity can also affect nuclear or mito-
chondrial DNA expression and mutations, cell migra-
tion, death, and epigenetic changes (e.g., methylation)
[14]. Under certain conditions, mitophagy can protect
cells from apoptosis and promote tumor cell survival.
This suggests a complex interaction between mitochon-
dria, autophagy/mitophagy and tumor initiation. At pres-
ent, more and more studies have focused on the role of
mitophagy in cancer pathogenesis and therapeutic tar-
gets. However, there is still a lack of relevant research on
the relationship between mitophagy and the pathogen-
esis of KIRC, and it is worthy of further exploration.

Currently, autophagy, including mitophagy, has been
shown to be associated with a variety of kidney diseases.
A study showed that mitophagy is closely related to acute
kidney injury [15]. Loss of ATG5 or ATG?7 in renal epi-
thelium can lead to chronic kidney disease in mice [16].
Mitophagy plays multifaceted roles in carcinogenesis
and cancer progression. Autophagy has been considered
to play a dual role in tumorigenesis. In different cellular
environments, autophagy may play diametrically oppo-
site roles, such as tumor suppression and tumor promo-
tion. Functional mitophagy inhibits the accumulation
of damaged mitochondria and prevents carcinogenesis.
However, once tumors have progressed, mitophagy can
serve as a cytoprotective method to promote tumor pro-
gression and resist chemotherapy-induced apoptosis
[17]. There are currently few studies on the relationship
between KIRC and mitophagy, and the biological role of
mitophagy in KIRC remains to be explored. In order to
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study the connection between mitophagy and the patho-
genesis of KIRC, we first used the TCGA database to
find the differential gene of KIRC, and intersected with
the mitophagy gene. The results showed that a total of 9
mitophagy genes were differentially expressed in KIRC.
Our results demonstrate for the first time that TAZ is
upregulated in KIRC tissues compared to adjacent nor-
mal kidney tissues. Survival analysis of KIRC patients
through the GEPIA website found that, as shown in Fig.
S1, patients in the TAZ high-expression group had a
poor prognosis, while patients in the other eight genes
with high expression had a better prognosis. Therefore,
we focused on the link between TAZ and mitophagy in
KIRC.

TAZ has a similar role to the transcriptional coactiva-
tor YES-related protein, both of which are Hippo path-
way and its downstream effectors, and play important
roles in processes such as development and organ regen-
eration [18]. It has been demonstrated that YAP/TAZ is
overactivated in human cancers and that chronic activa-
tion of YAP/TAZ triggers cancer development in mice
[19, 20]. Fan et al. found that the activation of mitophagy
in myeloma cells was associated with the downregulation
of YAP/TAZ expression [21]. This indicates that different
expression levels of TAZ are likely to affect mitophagy.
To screen genes closely related to the prognosis of KIRC
patients, we combined the mRNA expression profiles of
MPRGs with clinical data, used Lasso-Cox regression
analysis to construct risk features in the training set,
and calculated the risk score based on the gene expres-
sion values and lasso regression coefficients. Finally, we
identified five MPRGs for constructing the risk score, as
shown in Fig. 3D. Our experimental results confirmed
that TAZ was highly expressed in A498 and 786-O, but
low in HK2, which again confirmed our results in the
TCGA database. By analyzing the protein interactions
of MPRGs and mapping the protein-protein interaction
network, we found that TAZ is negatively correlated with
positive regulators of mitophagy, suggesting that high
expression of TAZ in KIRC may inhibit mitophagy. In
order to further explore the effect of different expression
levels of TAZ on mitophagy, we knocked out TAZ and
detected the indicators related to mitophagy. Our results
found that after TAZ knockout, the mitochondrial mem-
brane potential was significantly depolarized, the ATP
content decreased, the ADP/ATP ratio increased, and the
cell viability decreased. These findings suggest that low
expression of TAZ promotes mitophagy in KIRC cells,
while high expression of TAZ inhibits mitophagy. This is
consistent with our analysis of TAZ protein interactions.
Taken together, high expression of TAZ in KIRC inhibits
mitophagy and promotes KIRC progression.

To analyze the relationship between MPRGs risk
scores and clinical variables, we merged the data from
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the training and validation sets and found that high-
risk patients were associated with higher pathological
stage and histological grade, regardless of age and gen-
der. We also found that TAZ was significantly highly
expressed in patients in the high-risk group, indicat-
ing that high expression of TAZ is closely related to
the poor prognosis of KIRC. By analyzing the relation-
ship between the risk characteristics of MPRGs and
the clinic, we found that the high expression of TAZ
is closely related to the poor prognosis of KIRC. This
also proves that TAZ has a promoting role in tumor
progression [22]. To better predict the prognosis of
KIRC patients, we combined the risk score with four
clinical indicators (age, stage, grade, gender), and con-
structed a clinical nomogram to predict the survival
possibility of patients in 3 years, 5 years and 7 years.
It has been verified that the prediction model of the
clinical prognosis of patients with KIRC has strong
robustness and accuracy, and can be used to evaluate
the prognosis of different clinical subgroups of KIRC
patients. There are currently clinical trials combining
autophagy inducers and inhibitors for the treatment of
KIRC [7]. Therefore, to assess the prognosis of KIRC
patients using our clinical prediction model, KIRC
patients are stratified according to the prognostic pre-
diction status. For KIRC patients with poor prognosis,
combined treatment with mitophagy inducers or tar-
geted silencing of TAZ can be tried, which will be a
brand-new and potential KIRC treatment strategy and
provide new ideas for the follow-up research of KIRC.

Combined with our findings, high expression of TAZ
and inhibition of mitophagy play an important role
in the pathogenesis and progression of KIRC. TAZ
upregulation is associated with poor prognosis, tumor
progression and mitophagy inhibition in KIRC. The
clinical prognosis prediction model we constructed
provides a new method for the risk assessment of
KIRC and provides an important reference for patients
and medical decision-making. In conclusion, TAZ
may be an important molecular marker of KIRC and
is expected to become a new therapeutic direction tar-
geting KIRC.
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