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Background: There is a surprising paucity of studies investigating the potential mechanism 
of SKA3 in the progression and prognosis of kidney renal papillary cell carcinoma (KIRP).
Methods: We used TCGA and other databases to analyze the expression, clinical value, and 
potential mechanisms of SKA3 in KIRP patients. We also explored therapeutic agents for 
KIRP through GSCALite.
Results: SKA3 mRNA expression was significantly upregulated and the area under the 
curve was 0.792 (95% CI 0.727–0.856). Increased SKA3 expression was related to shorter 
overall survival, disease-specific survival and progression-free survival. Hub genes in pro
tein–protein interactions were CDK1, CDC20, CCNB1, CCNA2, BUB1, AURKB, BUB1B, 
PLK1, CCNB2, and MAD2L1, which were differentially expressed and also associated with 
KIRP prognosis. Gene-set enrichment analysis indicated that E2F targets, epithelial– 
mesenchymal transition, glycolysis, the WNT signaling pathway, and other pathways were 
highly enriched upon SKA3 upregulation. Gene-set variation analysis of SKA3 and its ten 
hub genes showed that the significant correlation of cancer-related pathways included the cell 
cycle, DNA damage, hormone androgen receptor, hormone estrogen receptor, PI3K/Akt, and 
Ras/MAPK. In addition, we found that MEK inhibitors, ie, trametinib, selumetinib, 
PD0325901, and RDEA119, may be feasible targeting agents for KIRP patients.
Conclusion: SKA3 might contribute to poor prognosis of KIRP through cell cycle, DNA 
damage, hormone androgen receptor, hormone estrogen receptor, PI3K/Akt, and RAS/ 
MAPK. SKA3 potentially serves as a prognostic biomarker and target for KIRP.
Keywords: spindle and kinetochore–associated complex subunit 3, kidney renal papillary 
cell carcinoma, biomarker, enrichment analysis, targeted therapy

Introduction
Incidence of renal cell carcinoma (RCC) varies widely, with an estimated 431,288 
new cases and 179,368 deaths worldwide in 2020.1 Despite improvements in the 
management of RCC, it remains one of the most fatal urological malignancies.2 

Clear-cell carcinoma is the most frequent histological subtype, while kidney renal 
papillary cell carcinoma (KIRP) accounts for 10%–20%.3 Compared to RCC, the 
clinical behaviors of KIRP are more changeable in consist with epidemiology. 
KIRP occurs sporadically, and only around 4% of patients have a hereditary 
link.4 The clinical manifestations of KIRP and RCC are similar, and radical or 
partial nephrectomy remains the mainstream treatment for the localized stage, with 
almost 40% recurrence.3 For some patients at the local advanced stage or metas
tasis, several agents, including anti-VEGF drugs and mTOR inhibitors, provide 
limited efficacy.5,6 A considerable number of studies have focused on molecular 
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investigation and clinical trials of RCC, whereas there is 
a notable paucity of high-quality research on molecular 
profiling and treatment of KIRP seeking to identify novel 
targets for precisely individualized therapy.

SKA3 regulates microtubule attachment to kineto
chores during mitosis, and may be essential for normal 
chromosome segregation and cell division.7 Studies have 
indicated that overexpression of SKA3 is associated with 
disease progression and prognosis of some malignant 
tumors.8–11 To date, however, there has been little pub
lished information on the role of SKA3 in KIRP. In this 
study, we sought for the first time to explore the relation
ship between differential expression of SKA3 and clinical 
values in KIRP, with insights into potential 
mechanisms and possible treatments via bioinformatic 
analysis.

Methods
Data Extraction
We acquired data from the University of California, Santa 
Cruz Xena database (https://xenabrowser.net/datapages),12 

which includes the Cancer Genome Atlas (TCGA) and 
Genotype–Tissue Expression databases. The data were 
processed through Toil.13 Prognostic data were obtained 
from Liu et al.14 Transcripts per million reads were used, 
and log2 conversion was performed for all data in 
standardization.

Analysis of Differential Expression and 
Clinical Values
The data were used to analyze SKA3 mRNA expression in 
pan-cancer and KIRP. We assessed diagnostic and survival 
values of SKA3 expression through area under the curve 
and survival analysis. Overall survival (OS), disease- 
specific survival (DSS) and progression-free survival 
(PFS) were used as prognostic factors.

Biological Functional Analysis
Coexpressed genes of SKA3 were identified with Pearson 
correlation coefficients (R>0.4 and P<0.001). Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) analysis was performed on coexpressed 
genes with R clusterProfiler to explore possible biological 
functions and signaling pathways affected by SKA3.15 GO 
analysis included biological process, cell composition, and 
molecular function, with P<0.05 taken as statistically sig
nificant). TCGA data were analyzed with gene-set 

enrichment analysis. The threshold for significant enrich
ment was a false-discovery rate <0.25 and adjusted 
P<0.05. A protein–protein interaction (PPI) network of 
SKA3-coexpressed genes was identified through the 
STRING database (https://www.string-db.org), and high 
confidence was set as 0.7. The network obtained was 
imported into Cytoscape 3.7.2,16 and the first ten genes 
were defined as hub genes using the CytoHubba plug-in 
and ranked by degree. We further analyzed cancer-related 
pathways of SKA3 and the ten hub genes through gene-set 
variation analysis (GSVA) via GSCALite.17

Analysis Using CBioportal and GSCALite
The CBioportal database (www.cbioportal.org)18,19 was 
used to explore the association between SKA3 mRNA 
expression (RNA Seq V2 RSEM) and hypoxia-related 
parameters. We used the GSCALite database to further 
analyze mutation information, immunoinfiltration of 
SKA3, and coexpressed genes.17 We also explored the 
Genomics of Drug Sensitivity in Cancer database and 
Cancer Therapeutics Response Portal for drug sensitivity 
and expression correlations of the top ten hub genes coex
pressed with SKA3 through GSCALite.17

Statistical Analysis
R 3.6.3 software was used for statistical analysis with the 
packages ggplot2, pROC, survival, survminer, 
clusterProfiler, and rms. The chi-square test was used to 
assess differences between categorical variables and paired 
or unpaired t-tests used for continuous variables. The 
Wilcoxon rank-sum test was used if Shapiro–Wilk normal
ity testing yielded significance. Survival was analyzed 
using Kaplan–Meier curves and log-rank tests. All tests 
were two-sided. P<0.05 was considered statistically 
significant

Results
Basic Clinical Features and Values
A total of 289 tumor patients in TCGA were enrolled. 
Median SKA3 expression was used to define the high 
and low groups. The expression of SKA3 was related to 
clinical T stage, N stage, M stage, sex, race, and age. 
Table 1 presents the relationship of SKA3 expression 
with basic clinical features. SKA expression was differen
tially expressed through paired and unpaired analysis of 
pan-cancer and KIRP level (Figure 1A–D). The expression 
of SKA3 showed an upward trend in stages (Figure 1E). 
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The area under the curve was 0.851 (95% CI 0.796–0.906, 
Figure 1F). The top ten positively SKA3-related genes 
were NUF2, HJURP, CDK1, KIFC1, NCAPG, SKA1, 
CEP55, TTK, DLGAP5, and NDC80, while negatively 
SKA3-related genes were LDHD, CKB, OGDHL, MYL3, 
PHYHD1, ZNF385B, CHCHD10, C3orf18, C16orf86, and 
RYR2 (Figure 1G). Increased SKA3 expression was sig
nificantly related to shorter OS (HR 2.31, 95% CI 1.28– 
4.18; Figure 1H), DSS (HR 6.50, 95% CI 3.14–13.64; 
Figure 1I) and PFS (HR 3.54, 95% CI 2.10–5.97; 
Figure 1J). For advanced-stage (III and IV) patients, 
Caucasian ethnicity, BMI ≤30, complete remission, M0 
stage, T3–T4 stage, no smoking, and left side, higher 
expression of SKA3 was significantly associated with 
poorer OS (Figure 2A–H). For patients aged <60 years, 
BMI ≤30, and left side, higher expression of SKA3 was 
significantly associated with poorer DSS (Figure 2I–K). 
For patients in T1 stage, N0 stage, and left side, higher 
expression of SKA3 was significantly associated with 
shorter PFS (Figure 2L–N).

Gene Enrichment Analysis
GO and KEGG showed that SKA3 was mainly enriched in 
the cell cycle, DNA replication, RNA transport, ubiquitin- 
mediated proteolysis, p53 signaling pathway, organelle 
fission, nuclear division, chromosome segregation, and 
chromosomal region (Figure 3A and B). Gene-set enrich
ment analysis indicated that highly enriched hallmarks 
included E2F targets, epithelial–mesenchymal transition, 
glycolysis, G2M checkpoint, and genes downregulated by 
KRAS activation upon SKA3 upregulation (Figure 3C). 
Pathways significantly enriched by SKA3 overexpression 
included PLK1, FOXM1, and Aurora B signaling, with 
MET activating PTK2 signaling and cell-cycle checkpoints 
and promoting cell motility, DNA replication, the Wnt 
signaling pathway, and GPCR–ligand binding 
(Figure 3D–F). Hub genes in protein–protein interactions 
were CDK1, CDC20, CCNB1, CCNA2, BUB1, AURKB, 
BUB1B, PLK1, CCNB2, and MAD2L1 (Figure 3G). GSVA 
of SKA3 and its ten hub genes showed that the tumor 
group had higher GSVA scores than the normal group 
(P<0.001, Figure 3H). The box plot showed that patients 
in advanced stages (III and IV) had significantly higher 
GSVA scores than those in early stages (I and II) in KIRP 
patients (P=5.73–6, Figure 3I). Higher GSVA scores were 
related to greater risk of OS and PFS (Figure 3J). 
Significantly enriched cancer-related pathways were the 
cell cycle, DNA damage, hormone androgen receptor, 

hormone estrogen receptor, PI3K/Akt, and RAS/MAPK 
(Figure 3K). The ten hub genes were significantly highly 
expressed in KIRP patients, and their overexpression was 
significantly associated with poor prognosis (Figure 4).

Analysis of GSCALite and CBioportal
Figure 5 shows genomic alterations of SKA3 and hub 
genes from three domains: single-nucleotide variation 
(SNV; Figure 5A–E), copy-number variation (CNV; 
Figure 5F–K), and methylation (Figure 5L–N). SKA3 
showed no effective mutation in KIRP (Figure 5A), and 
no survival difference was observed between mutants and 
wild types (Figure 5E). CNV in KIRP patients included 
heterozygous, homozygous, amplification, and deletion 
(Figure 5G). No significant correlation was found with 
regard to heterozygous or homozygous CNV. 
Correlations of CNV with mRNA expression were signifi
cant for SKA3, MAD2L1, and CCNA2 (Figure 5I). In KIRP 
patients, significant OS and PFS differences were detected 
between CNV groups and wild groups, except for BUB1 
(Figure 5J). Gene-set CNV also had worse prognosis than 
wild-type in KIRP patients (Figure 5K). There were 
methylation differences between tumor and normal sam
ples of genes in KIRP (Figure 5L). Hypomethylation of 
AURKB was associated with worse OS in KIRP 
(Figure 5M). In addition, we found there were negative 
correlations between methylation and mRNA expression 
for SKA3, MAD2L1, CDC20, CCNA2, and AURKB 
(Figure 5N). In single-gene analysis, we found no associa
tions between mRNA expression, CNV, methylation of 
SKA3, or immunoinfiltration (Figure 6A–C). CD8-naïve 
and CD8+ T cells were positively correlated with GSVA 
scores, while infiltration scores, CD4+ T cells, follicular 
helper T cells, and dendritic cells were negatively related 
to GSVA scores (Figure 6D). Compared to wild-type sam
ples, dendritic cells, γγ cells, and monocytes were signifi
cantly enriched at higher amplification, while Th17, 
natural killer, nTreg, and iTreg cells were enriched at 
lower amplification (Figure 6E). There was no significant 
difference between immunoinfiltration and gene-set SNV 
group (Figure 6F). With the help of GSCALite,17 we 
found that MEK inhibitors, ie, trametinib, selumetinib, 
PD0325901, and RDEA119, may be feasible targeted 
agents in KIRP patients with high expression of SKA3 
and coexpressed genes (Figure 6G and H). In addition, 
hypoxia scores (Buffa, Ragnum, and Winter) and 
MSIsensor score were significantly higher in the SKA3- 
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altered group than in the unaltered group on CBioportal 
(Figure 6I–L).

Discussion
KIRP has been demonstrated to be a heterogeneous dis
ease in response to genomic alterations and clinical 
behaviors.20 One study classified KIRP into two types, 
with type 1 altered in the MET pathway and type 2 related 
to activation of the NRF2–antioxidant response element 
pathway.21 However, what is not yet understood is the 
actual relationship between genome variants and clinical 
behaviors due to relatively low incidence and lack of solid 
data. Despite several agents, including mTOR 
inhibitors and VEGF receptor inhibitors, being possible 
options in the treatment of advanced and metastatic 
KIRP, the efficacy is unsatisfactory.5,6 Given this, there is 
an urgent need to uncover new target for diagnosis, treat
ment, and prognosis of KIRP.

SKA3 is a component of the SKA1 complex, 
a microtubule-binding subcomplex of the outer kinetochore 
that is essential for proper chromosome segregation.22,23 The 
SKA complex contributes to the stabilization of the kineto
chore–microtubule interface through the network of KNL1, 
Mis12, and Ndc80.23,24 The phosphorylation of SKA3 with 
CDK1 is essential for kinetochore localization of the SKA 
complex during mitosis.9,25 SKA3 can also integrate BUB3 
via competing BUB1/BUBR1, helping to silence spindle- 
assembly checkpoint.22,26,27 Both BUB1 and CDK1 were 
members of the SKA3 hub-gene set, and thus we thought 
that gene interactions contributed to cell proliferation through 
regulation of the cell cycle. We also observed enrichment of 
the p53 signaling pathway upon SKA3 upregulation in KIRP 
patients. The TP53 gene is well known as a tumor-suppressor 
gene that plays a pivotal role in regulation of the cell cycle and 
DNA restoration.28–30 Mutated TP53 can lead to 

Table 1 Relationships between SKA3 expression and clinical 
features in KIRP patients in TCGA database

Low 
expression 

(n=144)

High 
expression 

(n=145)

P

Clinical T stage, n (%) <0.001
T1 80 (39.8%) 59 (29.4%)

T2 14 (7%) 12 (6%)

T3 7 (3.5%) 28 (13.9%)
T4 0 1 (0.5%)

Clinical N stage, n (%) <0.001

N0 71 (46.4%) 61 (39.9%)

N1 2 (1.3%) 17 (11.1%)
N2 0 2 (1.3%)

Clinical M stage, n (%) 0.037
M0 98 (46.9%) 102 (48.8%)

M1 1 (0.5%) 8 (3.8%)

Sex, n (%) 0.004

Female 27 (9.3%) 50 (17.3%)

Male 117 (40.5%) 95 (32.9%)

Race, n (%) 0.015

Asian 0 6 (2.2%)

Black or African 
American

27 (9.9%) 34 (12.5%)

White 110 (40.4%) 95 (34.9%)

Age (years), n (%) <0.001
≤60 51 (17.8%) 82 (28.7%)

>60 91 (31.8%) 62 (21.7%)

Weight, n (%) 0.090

≤80 37 (16.9%) 46 (21%)

>80 78 (35.6%) 58 (26.5%)

Height (cm), n (%) 0.130

≤170 39 (18.3%) 48 (22.5%)
>170 71 (33.3%) 55 (25.8%)

BMI, n (%) 0.351
≤30 74 (34.7%) 62 (29.1%)

>30 36 (16.9%) 41 (19.2%)

Smoker, n (%) 0.486

No 55 (22.3%) 61 (24.7%)

Yes 69 (27.9%) 62 (25.1%)

Serum calcium, n (%) 0.395

Elevated 2 (1.1%) 4 (2.2%)
Low 24 (13.3%) 17 (9.4%)

Normal 65 (36.1%) 68 (37.8%)

Hemoglobin, n (%) 0.145

Elevated 0 1 (0.5%)
Low 42 (20.2%) 53 (25.5%)

(Continued)

Table 1 (Continued). 

Low 
expression 

(n=144)

High 
expression 

(n=145)

P

Normal 61 (29.3%) 51 (24.5%)

Laterality, n (%) 0.484

Left 76 (26.6%) 84 (29.4%)
Right 66 (23.1%) 60 (21%)

Abbreviations: KRIP, kidney renal papillary cell carcinoma; BMI, body-mass index.
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tumorigenesis through regulating downstream target-gene 
expression or binding with other antioncogenes of its family 
that are involved in apoptosis and repairing damaged DNA, 
thus promoting tumor-cell growth.31–34 Studies have shown 
that CDK2 overexpression is closely associated with the 

formation and development of tumors.9,35,36 Furthermore, 
DNA damage can increase p53-protein levels and CDK2 can 
also phosphorylate p53 and activate downstream signal- 
transduction pathways.9,37 We also found a positive correla
tion between SKA3 mRNA expression and TP53 (r=0.370, 

Figure 1 Clinical values, coexpressed genes, and expression of SKA3 in KIRP patients. (A) SKA3 expression in unpaired samples in pan-cancer; (B) SKA3 expression in 
paired samples in pan-cancer; (C) SKA3 expression in unpaired sample in KIRP; (D) SKA3 expression in paired sample in KIRP; (E) SKA3 expression among stages in KIRP; 
(F) receiver-operating characteristic curve of SKA3 expression in KIRP; (G) heat map of SKA3 and its top ten positively or negatively correlated genes; (H) relationship 
between SKA3 expression and overall survival in KIRP; (I) relationship between SKA3 expression and disease-specific survival in KIRP; (J) relationship between SKA3 
expression and progression-free survivacant mark: nsP≥0.05; *P<<0.05; **P<0.01; ***P<0.001.
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Figure 2 Subgroup analysis of SKA3 expression and survival. (A) Relationship between SKA3 expression and overall survival in stage III and IV; (B) relationship between 
SKA3 expression and overall survival in white; (C) relationship between SKA3 expression and overall survival in patients with BMI ≤30; (D) relationship between SKA3 
expression and overall survival in patients with complete remission (CR); (E) relationship between SKA3 expression and overall survival in patients with stage M0; (F) 
relationship between SKA3 expression and overall survival in patients with clinical T3–T4; (G) relationship between SKA3 expression and overall survival in nonsmokers; 
(H) relationship between SKA3 expression and overall survival in left KIRP; (I) relationship between SKA3 expression and disease-specific survival in patients aged ≤60; (J) 
relationship between SKA3 expression and disease-specific survival in patients with BMI ≤30; (K) relationship between SKA3 expression and disease-specific survival in left 
KIRP; (L) relationship between SKA3 expression and progression-free survival in patients with T1 stage; (M) relationship between SKA3 expression and progression-free 
survival in patients with N0 stage; (N) relationship between SKA3 expression and progression-free survival in left KIRP.
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P<0.001). Therefore, SKA3–CDK2/p53 might be a possible 
pathway contributing to oncogenesis and progression of KIRP 
and deserves to be further validated. The other enriched path
ways, including PLK1,8,38 Aurora B,39 Wnt signaling,10,40 and 

PI3K/Akt,11,41,42 have been elucidated in other cancers, but 
their roles in KIRP warrant further exploration.

A strong relationship between hypoxia and tumors has 
been reported in other studies.43,44 Hypoxia leads to 

Figure 3 Functional enrichment analysis and the top ten hub genes through protein–protein interaction network. (A) Results of Gene Ontology analysis; (B) results of 
Kyoto Encyclopedia of Genes and Genomes analysis; (C–F) results of gene -set enrichment analysis; (G) top ten hub genes through protein–protein interaction network; 
(H) box plot comparing GSVA scores of tumor and normal samples in KIRP; (I) box plot comparing GSVA scores among stages in KIRP; (J) survival difference between 
GSVA-score groups in KIRP; (K) association between GSVA score and activity of cancer-related pathways in KIRP. Significance defined as P≤0.05 and false-discovery rate 
≤0.05.
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a series of biological changes that induce tumorigenesis 
and are associated with resistance to chemotherapy, radia
tion therapy, drug therapy, and immunotherapy.45 We 
found that altered SKA3 was positively associated with 
the namely Buffa, Ragnum, and Winter hypoxia scores. 

Therefore, identification of hypoxia involving SKA3 car
cinogenesis is also needed. We found that MEK inhibitors, 
ie, trametinib, selumetinib, PD0325901, and RDEA119, 
may be sensitive in KIRP patients with high expression 
of SKA3 and coexpressed genes. This discovery needs 

Figure 4 Differential expression of the top ten hub genes and their relationship to prognosis in KIRP patients. (A) Expression in unpaired samples in KIRP; (B) expression in 
paired samples in KIRP; (C) heat map of gene mRNA-expression profile among stages in KIRP; (D) relationship between AURKB expression and overall survival in KIRP; (E) 
relationship between BUB1 expression and overall survival in KIRP; (F) relationship between BUB1B expression and overall survival in KIRP; (G) relationship between 
MAD2L1 expression and overall survival in KIRP; (H) relationship between PLK1 expression and overall survival in KIRP; (I) relationship between CDK1 expression and 
overall survival in KIRP; (J) relationship between CCNA2 expression and overall survival in KIRP; (K) relationship between CDC20 expression and overall survival in KIRP; (L) 
relationship between CCNB1 expression and overall survival in KIRP; (M) relationship between CCNB2 expression and overall survival in KIRP. *P<<0.05; ***P<0.001.
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Figure 5 Genetic altion of SKA3 and coexpressed genes in KIRP patients. (A) SNV of SKA3 and hub genes in KIRP; (B) SNV classes of hub-gene set in KIRP; (C) SNV of top 
ten mutated genes in gene set in KIRP; (D) transition (Ti) and transversion (Tv) classification of SNV of SKA3 gene set and hub genes in KIRP; (E) survival difference between 
gene-set mutant and wide type; (F) heterozygous CNV of SKA3 gene set and top ten hub genes in KIRP; (G) pie plot summarizing CNV of SKA3 and top ten hub genes in 
KIRP; (H) homozygous CNV of SKA3 gene set and top ten hub genes in KIRP; (I) correlation of CNV with mRNA expression of SKA3 and top ten hub genes; (J) 
differences in survival between CNV and wild type in KIRP; (K) survival among gene-set CNV groups in KIRP; (L) methylation differences among tumor and normal samples 
of SKA3 and top ten hub genes in KIRP; (M) overall survival differences between high- and lowmethylation groups in KIRP; (N) correlations between methylation and mRNA 
expression of SKA3 and top ten hub genes in KIRP.
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Figure 6 The immunoinfiltration and drug sensitivity of SKA3 and coexpressed genes in KIRP patients and correlation of SKA3 expression and hypoxia-related parameters. 
(A) association between SKA3 mRNA expression and immunoinfiltration; (B) association between SKA3 CNV and immunoinfiltration; (C) association between SKA3 
methylation and immunoinfiltration; (D) associations between SKA3 and top ten hub genes and immunoinfiltration (E) differences in immunoinfiltration between gene-set 
CNV and wild type (WT); (F) differences in immunoinfiltration among gene-set SNV groups; (G) correlations between gene expression and sensitivity to GDSC drugs (top 
30); (H) correlation between gene expression and sensitivity to CTRP drugs (top 30); (I) MSIsensor-score differences of SKA3-altered group and -unaltered group; (J) 
differences in Buffa hypoxia scores between SKA3-altered group and -unaltered group; (K) differences in Ragnum hypoxia scores between SKA3-altered group and -unalter 
ed group; (L) differences in Winter hypoxia scores between SKA3-altered group and -unaltered group.
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further verification. Our study did have some limitations: 
validation using the clinical samples was absent, and 
further verification of SKA3 function in vitro and in vivo 
was needed. Further research determining the relationship 
between SKA3 expression and KIRP type is warranted to 
help in achieving more precisely personalized treatment.

Conclusion
SKA3 might contribute to poor prognosis of KIRP through 
the cell cycle, DNA damage, hormone androgen receptor, 
hormone estrogen receptor, PI3K/Akt, and Ras/MAPK. 
SKA3 potentially serves as a prognostic biomarker and 
target for KIRP.
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