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Purpose: Clear cell renal cell carcinoma (ccRCC) is one of the most common diseases in the world, with high morbidity and
mortality. Recent studies have revealed the important role of SPC24, a subunit of the Ndc80 complex, in the occurrence and
development of carcinoma. However, the latent effect of SPC24 in the progress of ccRCC remains to be further explored. The intent
of this research is to investigate whether SPC24 can be used as an index to predict the progression of ccRCC and to explore its
relationship with the immune microenvironment and pan-cancer.
Materials and Methods: Based on data from public databases, we determined the expression level and clinical value of SPC24 in
ccRCC and human pan-cancer. RT-qPCR analysis was carried out to detect the expression level of SPC24 in the OSRC/786O (human
ccRCC cells) cell lines and HK2 (human normal kidney cells) cell line. The signal transduction pathways activated by different levels
of SPC24 expression were explored by Gene Set Enrichment Analysis (GSEA), and the CIBERSORT algorithm was applied to
analyze the relationship between infiltrating immune cells and SPC24 expression in ccRCC and pan-cancer tissues.
Results: SPC24 is overexpressed in ccRCC and several types of tumors, which is associated with poor prognosis. GSEA and
CIBERSORT algorithms suggested that the high expression group of SPC24 enriched various pathways including immune-related
pathways, and the several infiltrated immunocytes were related to the expression of SPC24.
Conclusion: Our study revealed that SPC24 is a prognostic factor in ccRCC related to immunomodulation and has generalized value
in pan-cancer.
Keywords: gene expression, SPC24, clear cell renal cell carcinoma, pan-cancer, prognosis, bioinformatics

Introduction
Clear cell renal cell carcinoma (ccRCC) accounts for 70–85% of RCC and has the highest mortality.1 Surgery is the main
treatment for localized ccRCC, while immunotherapy and targeted drugs are the first choice for advanced and metastatic
ccRCC.2 Despite the continuous progress in cancer treatment, mortality in ccRCC is still rising.3 At present, there is still
a lack of effective diagnostic and prognostic biomarkers.4,5 Thus, identifying new biomarkers is essential for the early
detection and treatment of ccRCC patients.

SPC24 is part of the Ndc80 complex, regulating the dynamic interaction between nuclear spindle microtubules and
centromeres, ensuring faithful and correct chromosome separation during mitosis.6 It has been reported that destruction
of SPC24 gene can lead to spindle checkpoint defects, which allows cells to bypass mitosis without correct chromosome
segregation,7,8 a process that resembles the characteristics of the onset of tumorigenesis. In addition, previous studies
have shown that SPC24 is abnormally expressed in a variety of malignant tumors, such as breast, lung, liver, and thyroid
cancers and osteosarcoma.9–13 However, the correlation between SPC24 and the prognosis of ccRCC has not been fully
elucidated.

In recent years, researchers have developed a great interest in tumor microenvironment (TME). The latest evidence
suggests that resting dendritic cells, activation of dendritic cells, resting mast cells, activation of mast cells, and
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eosinophils are associated with a favorable prognosis in ccRCC, while B-cell memory, T-cell follicular helper cells and
regulatory T cells (Tregs) in ccRCC indicate a poor prognosis.14 Moreover, it has been reported that macrophages have
a crucial function in both promoting and preventing tumor growth. The expression of CD163 and CD204 in M2
macrophages is highly associated with poor prognosis in renal cell carcinoma,15 whereas Hutterer et al16 have found
that tumor-associated macrophages could independently reduce the risk of death in renal cell carcinoma. Therefore, it is
of great significance to determine the dynamic immune components in TME through genetic analysis to guide the
treatment and prognosis in ccRCC patients.

Therefore, the purpose of this study was to evaluate the prognostic value of SPC24 and its effect on the immune
components of TME in patients with ccRCC and human pan-cancers. More specifically, we compared the expression of
SPC24 between tumors and corresponding normal tissues. Then, we evaluated the clinical value of SPC24 in patients
with ccRCC by survival and clinical correlation analysis. Afterward, we verified the expression of SPC24 in ccRCC cell
lines by RT-qPCR analysis. In addition, we performed Gene Set Enrichment Analysis (GSEA) to identify the signal
transduction pathways related to the regulatory mechanism of SPC24. To reveal the correlation between SPC24
expression and the immune microenvironment, the proportion of types of various infiltrated immunocytes in ccRCC
was analyzed by the CIBERSORT algorithm. Last, to investigate the potential prognostic value of SPC24 in pan-cancer,
we performed further research on SPC24 in 32 other cancer types. Our results show that SPC24 is closely related to the
immune subsets in infiltrating tumors, can be used as a biomarker for the diagnosis and prognosis of ccRCC, and has
extensive application value in pan-cancer.

Materials and Methods
Data Source
The ccRCC dataset, comprising genome data and corresponding clinical information of 539 tumor samples and 72 normal
samples, was obtained from the TCGA database (https://portal.gdc.cancer.gov/repository). The ccRCC microarray data of
GSE40435, comprising genome data and corresponding clinical information on 101 tumor samples and 101 para-cancerous
samples, was obtained from the Gene Expression Omnibus (GEO) database (http://www.ncbi.nlm.nih.gov/geo/). The t-test
was used to conduct the power analysis of the sample data obtained from TCGA and GEO databases based on the R software
package “pwr.” The results showed that the power of both groups of sample data is greater than 0.8, which proved that our
sample size is sufficient. The detailed clinical data include age at diagnosis, gender, histological grade, clinical stage,
T classification, M classification, N classification and survival status (Table 1). In addition, the overall survival time (OS) of
ccRCC patients was obtained from the TCGA database, and the disease-free survival time (DFS), progression-free survival
time (PFS), and disease-specific survival time (DSS) of ccRCC patients were obtained from the UCSC Xena database. And
pan-cancer data including genomic data and corresponding clinical data (32 cancer types, including ACC, BRCA, CESC,
CHOL, COAD, DLBC, ESCA, GBM, HNSC, KICH, KIRC, KIRP, LAML, LGG, LIHC, LUAD, LUSC, MESO, OV,
PAAD, PCPG, PRAD, READ, SARC, SKCM, STAD, TGCT, THCA, THYM, UCEC, UCS, UVM) were also downloaded
from the UCSC Xena database. All the above analysis methods and the R package were implemented by R Foundation for
Statistical Computing version 4.1.1, and a P value <0.05 was considered as statistically significant.

Expression of SPC24 in ccRCC
To explore the expression of SPC24 in ccRCC, the Wilcoxon signed-rank test was used to analyze the comparison of
SPC24 expression between ccRCC and normal groups based on the R software package “ggpubr.” In order to further
confirm our point, we used the same method to analyze the expression of SPC24 in ccRCC and para-cancerous
tissues.

The Prognostic Prediction Value of SPC24 in ccRCC
To explore the relationship between the expression of SPC24 and the prognosis of patients with ccRCC, we divided the
samples into a high-expression group and low- expression group according to the median value of SPC24 expression.
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Based on the R software packages “survival” and “survminer,” we plotted the Kaplan-Meier curves to reveal the
differences of the OS, DFS, PFS, and DSS between the SPC24 high- expression group and low-expression group.

The Clinical Correlation Analysis of the SPC24 in ccRCC
Patients with ccRCC in TCGAwere divided into groups according to the grade, stage, T stage, N stage, and M stage, and
patients with ccRCC in the GEO database were divided into groups according to the grade. In addition, we applied
Wilcoxon signed-rank test to determine the correlations between SPC24 expression and clinical characteristics of ccRCC
based on the R software package “ggpubr.” Furthermore, to exclude the effects of confounders, univariate COX
regression was performed to explore the prognostic value of SPC24 in ccRCC. In order to find independent prognostic
factors for ccRCC, we combined SPC24 gene expression with other disease-related factors, including age, gender, grade,
stage, T stage, N stage, and M stage to conduct multivariate COX regression analysis.

Table 1 Clinical Characteristics of ccRCC Patients

Clinical Characteristics TCGA % GEO %

Total (n=537) Total (n=101)

Age at diagnosis 61 64
(26–90) (42–84)

Survival status Living 367 68.34 –
Dead 170 31.66 –

Sex Female 191 35.57 42 41.58
Male 346 64.43 59 58.42

Histologic grade G1 14 2.61 22 21.78
G2 230 42.83 47 46.53

G3 207 38.55 24 23.76
G4 78 14.53 8 7.93

GX 5 0.93 0 0

Unknow 3 0.55 0 0

Stage I 269 50.09 –
II 57 10.61 –

III 125 23.28 –

IV 83 15.46 –
Unknow 3 0.56 –

T classification T1 275 51.21 –
T2 69 12.85 –

T3 182 33.89 –
T4 11 2.05 –

Unknow 0 0 –

M classification M0 426 79.33 –
M1 79 14.71 –

MX 30 5.59 –
Unknow 2 0.37 –

N classification N0 240 44.69 –
N1 17 3.17 –

NX 280 52.14 –

Abbreviation: ccRCC, clear cell renal cell carcinoma.
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Establishment and Validation of the Nomogram
To predict the prognosis of patients with ccRCC more effectively, we used the R software package “rms” to establish
a prognosis nomogram to evaluate the probability of 1-, 3-, and 5-years of OS in patients with ccRCC based on a number
of clinical indicators (age, gender, grade, and stage) and SPC24 expression. Then, a calibration plot was used to evaluate
the consistency between the predicted probability and the actual results.

RNA Isolation and Reverse Transcription Quantitative PCR
According to the manufacturer’s protocol, the total RNA in the cultured cells was extracted by using Trizol (Takara).
OSRC/786O (human ccRCC cells) and HK2 (human kidney cell biochemistry Pillon) cell lines were provided by the cell
bank of the Chinese Academy of Sciences. To detect the level of mRNA, the PrimeScriptTMRT reagent kit (Perfect Real
Time; Takara) was used to transcribe the total RNA (500ng) into cDNA. All the primers were synthesized by Huada
Gene (Beijing, China), and the sequence was presented as follows: F: 5’-CCCAGAGCCTTCTCAATGCGA-3’; R: 5’-
GGCTCACACTCATAATCCCACT-3’. Reverse transcription quantitative PCR (RT-qPCR) was performed by Roche
Light Cycler 480II real-time PCR detection system (Roche, Basel, Switzerland). β-actin was used as the internal control,
and all operations were repeated three times. The relative expression levels of SPC24 were analyzed by the 2-ΔΔCt

method.

GSEA
GSEA is a method of calculation that determines whether a set of predefined genes shows statistically significant and
consistent differences between two biological states.17 In this study, GSEA first generated an ordered list of genes based
on the correlation between all genes and SPC24 expression and then clarified the significant survival differences observed
between high- and low- expression groups. For each analysis, a total of 1000 genome permutations were performed.
Nominal P value (NOM p) < 0.05 and false discovery rate (FDR) < 0.05 are considered to be two necessary conditions
for a significant enrichment of the gene sets.

Immune Cell Infiltration Analysis
As an immune-related gene, SPC24 has been shown to influence the prognosis of tumors by regulating the immune
process and remodeling the immune microenvironment. CIBERSORT is a useful resource for comprehensive analysis of
tumor-infiltrating immune cells.18 Therefore, to study the relationship between SPC24 expression and immune cell
infiltration, we applied CIBERSORT to determine the proportion of 22 infiltrating immune cells in each ccRCC patient.
After that, we analyzed the differences in immune infiltrating cells between high-expression and low-expression groups
of SPC24 and used the Wilcoxon rank sum test for significance testing. The Spearman correlation test was performed to
examine the correlations between the expression level of SPC24 and the infiltrating immune cells.

Pan-Cancer Analysis
To explore the potential prognostic value of SPC24 in pan-cancer, we conducted the further research on SPC24 in the
remaining 32 cancers, similar to the above analysis method. In the pan-cancer data, the expression levels of SPC24
between tumor and normal tissue were compared. Afterward, we also evaluated the prognostic value of SPC24 in the
remaining 32 cancers. Finally, we analyzed the correlations between the expression level of SPC24 and the immune cells
infiltrated in the pan-cancer data.

Results
SPC24 Overexpression in TCGA and GEO ccRCC Patients
The power analysis that we conducted proved that the sample size obtained from the TCGA and GEO databases was
sufficient. In order to explore the relationship between SPC24 and ccRCC, we conducted the analysis of differential gene
expression of SPC24. The expression levels of SPC24 in ccRCC and normal kidney tissues were compared, and the
results indicated that SPC24 was overexpressed in ccRCC compared with normal kidney tissues (Figure 1A and B). In
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addition, we analyzed the expression of SPC24 in ccRCC and adjacent tissues and found that the expression of SPC24 in
adjacent tissues was also lower than that in ccRCC tissues (Figure 1C and D). The above data suggested that SPC24 may
be the carcinogenic gene in ccRCC.

The Expression Level of SPC24 is Correlated with the Survival Outcome of ccRCC
Patients
To assess the predictive ability of SPC24, we used survival analysis to detect differences in survival outcomes between
groups defined by SPC24 expression. The results demonstrated that compared with patients with low SPC24 expression,
patients with high SPC24 expression have significantly poor OS (Figure 2A), DFS (Figure 2B), PFS (Figure 2C), and
DSS (Figure 2D).

The Relationship Between the Expression of SPC24 and the Clinical Characteristics of
TCGA and GEO ccRCC Patients
The clinicopathological characteristics of ccRCC patients largely determine the treatment strategy. Therefore, we
analyzed the relationship between SPC24 expression and clinical characteristics. The results indicated that in TCGA

Figure 1 SPC24 was significantly overexpressed in ccRCC. (A) SPC24 was significantly upregulated in ccRCC compared to kidney tissues in TCGA database. (B) SPC24 was
significantly upregulated in ccRCC compared to kidney tissues in GEO database. (C and D) SPC24 was expressed at higher levels in ccRCC compared to non-cancerous
adjacent tissues in TCGA and GEO database. ***P<0.001.
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ccRCC patients (Figure 3A–E), the increased expression of SPC24 was closely related to high histological grade,
pathological stage, and TNM stage. In the GEO ccRCC patients (Figure 3F), we found that increased SPC24 expression
was also dramatically related to high histological grade.

SPC24 is an Independent Prognostic Factor for ccRCC
Univariate and multivariate Cox regression analysis were performed according to the TCGA data to evaluate the prognostic
significance of SPC24 and various clinical factors. Univariate Cox regression analysis suggested that age (HR=1.023; P =
0.012), grade (HR=2.242; P < 0.001), stage (HR=1.862; P< 0.001), T stage (HR =1.943; P < 0.001), M stage (HR = 4.073;
P < 0.001), N stage (HR = 2.932; P = 0.001), SPC24 (HR = 1.186; P < 0.001) are related to the overall survival rate in ccRCC
patients (Figure 4A). Multivariate Cox regression analysis indicated that in the TCGA ccRCC patients, the expression of
SPC24 was an independent risk factor for their prognosis (Figure 4B). Based on the above results, we have reason to believe
that SPC24 is a risk-related gene and may participate in the occurrence and progress of carcinoma.

Figure 2 Survival analysis. (A) Correlation between SPC24 expression and OS in TCGA ccRCC patients. (B) Correlation between SPC24 expression and DFS in TCGA
ccRCC patients. (C) Correlation between SPC24 expression and PFS in TCGA ccRCC patients. (D) Correlation between SPC24 expression and DSS in TCGA ccRCC
patients.
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Figure 3 The relationship between the SPC24 expression and clinicopathological variables in TCGA and GEO database. (A) Histological grade in TCGA ccRCC patients;
(B) Pathological stage in TCGA ccRCC patients; (C) T stage in TCGA ccRCC patients; (D) N stage in TCGA ccRCC patients; (E) M stage in TCGA ccRCC patients; (F)
Histological grade in GEO ccRCC patients.
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Establishing a Nomogram to Predict OS in ccRCC Patients
To establish a clinically practical method for monitoring the prognosis of ccRCC patients, we constructed a prognostic
nomogram to predict the probability of 1-year, 3-year, and 5-year OS (Figure 5A). The predictors in the nomogram
include clinical characteristics (age, gender, grade, and stage) and SPC24. Compared with the reference line, the analysis
of the calibration curve indicated that the actual and predicted 1-year, 3-year, and 5-year survival times were consistent
(Figure 5B-D). These data suggested that the nomogram was trustworthy and accurate.

Increased Expression of SPC24 Was Detected in ccRCC Cells
To clarify the potential role of SPC24 in ccRCC progression, we further measured the expression level of SPC24 with
RT-qPCR. We applied the paired t-test to evaluate the differences of SPC24 expression between ccRCC and normal
kidney tissues. The results demonstrated that the expression level of SPC24 in ccRCC cell lines (OSRC, 786O) was
significantly enhanced compared to that in normal HK2 cell line (Figure 6). Therefore, we believe that SPC24 is a risk-
related gene in the progression of ccRCC.

GSEA
The above studies have indicated that the expression of SPC24 plays a key role in the development of ccRCC. To clarify
the underlying mechanism of SPC24 expression affecting the prognosis of ccRCC, we conducted GSEA to explore the
differentially activated signaling pathways between the low and high SPC24 expression groups. GSEA revealed
significant differences (FDR < 0:05, NOM p < 0.05) in enrichment of the MSigDB Collection (c2.cp.kegg.v6.2.
symbols.gmt). According to their normalized enrichment score (NES), the most significantly enriched signaling pathways
were selected. The results indicated that five gene sets (colorectal cancer, endometrial cancer, prostate cancer, renal cell
carcinoma, and the WNT signaling pathway) may be significantly related to the progression of ccRCC (Figure 7A), and
four metabolic-related genomes (base excision repair, DNA replication, homologous recombination, and proteasome
pathway) were enriched in the SPC24 low-expression group (Figure 7B). In addition, to explore the relationship between
SPC24 and the tumor immune microenvironment, we conducted a more targeted GSEA. The results indicated that in the
high SPC24 expression group, immune-related phenotypes (immune response and immune system process pathways)
were significantly enriched19 (Figure 7C and D). The results demonstrated that SPC24 may have a certain relationship
with the tumor immune microenvironment.

Figure 4 Univariate Cox regression and multivariate Cox regression analysis. Forest plot based on univariate (A) and multivariate (B) Cox regression analysis of OS in
TCGA database.
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Correlation Analysis Between SPC24 Expression and Immune Cell Infiltration in
ccRCC
To further explore the relationship between SPC24 expression and the immune microenvironment, the CIBERSORT
calculation method was used to determine the infiltration ratio of 21 immune cells in each ccRCC patient (Figure 8). Then,
the differences in the level of infiltrating immune cells between the SPC24 high- expression group and the SPC24 low-
expression group, the correlation between the SPC24 expression level and infiltrating immune cells was analyzed (Figure 9).
As shown in Figure 10, the results suggested that five kinds of immune cells were positively correlated with the expression of
SPC24 (Macrophages M0, T cells follicular helper, T cells CD8, Tregs, T cells CD4 memory activated), and seven kinds of
immune cells were negatively correlated with the expression of SPC24 (B cells naive, dendritic cells activated, dendritic cells
resting, macrophagesM2, mast cells resting, monocytes, and Tcells CD4memory resting). The above data further proved that
the levels of SPC24 expression can affect the immune activity in the tumor immune microenvironment.

The Promotion Value of SPC24 in Pan-Cancer
To explore the potential prognostic value of SPC24 in cancers, we conducted further research on SPC24 in the pan-
cancer data. As shown in Figure 11, compared with the corresponding normal tissues, SPC24 was overexpressed in

Figure 5 Nomogram for the prediction of outcome in patients with ccRCC. (A) The nomogram could predict 1-, 3- and 5- years OS of ccRCC patients. The calibration
curve analysis showed that the actual and the predicted 1-(B), 3-(C), and 5-year (D) survival times were consistent when compared with the reference line.
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BLCA, BRCA, CESC, CHOL, COAD, ESCA, GBM, HNSC, KICH, KIRC, KIRP, LIHC, LUAD, LUSC, PCPG, PRAD,
READ, SARC, STAD, THCA, and UCEC. In addition, survival analysis suggested that patients with high SPC24
expression had significantly poor OS in ACC, KIRP, LIHC, LUAD, MESO, and PAAD (Figure 12A–F). Then, we
analyzed the difference in PFS between groups defined by SPC24 expression through survival analysis to rule out the
possible impact of cancer follow-up treatment on OS. We found that in ACC, KIRP, LIHC, LUAD, MESO, and PAAD,
the PFS of the high SPC24 expression group was also worse than in the low SPC24 expression group (Figure 13A–F).
Afterward, based on pan-cancer data, we analyzed the relationship between SPC24 expression and pathological stage. We
got the same results: increased SPC24 expression was significantly correlated with high pathological stages in ACC,
KIRP, LIHC, LUAD, MESO, and PAAD (Figure 14A–F). Tumor-infiltrating immune cells are considered to be an
independent predictor for prognosis in cancer patients.20 Therefore, we further explored the relationship between the
expression of SPC24 and the immune microenvironment in 32 cancer types and used the CIBERSORT calculation
method to determine the proportion of 21 immune cells infiltrated in each patient. The results showed that the level of
infiltration of the five immune cells (CD4 memory resting T cells, CD4 memory activated T cells, follicular helper
T cells, NK cells, and macrophages) was correlated with the expression of SPC24 in KIRP, LIHC, and LUAD
(Figure 15A–C). The above findings suggested that SPC24 is a predictor of prognosis and has universal value in pan-
cancer.

Discussion
CCRCC is one of the tumors with the highest incidence in the urinary system and is known for its high invasiveness and
recurrence. Unfortunately, although partial or radical nephrectomy is often performed for early or localized renal cell
carcinoma, about 30% of renal cell carcinoma patients are diagnosed in the metastatic stage, and one-third of patients
relapse after surgery.21–23 Therefore, further research on ccRCC is urgent, especially in the identification of biomarkers
that contribute to early detection, risk stratification, and identification of appropriate interventions.

Figure 6 SPC24 is highly up-expressed in ccRCC cell lines. Relative SPC24 expression in ccRCC cell lines (OSRC, 786O) compared with normal cell line (HK2) by RT-qPCR
analysis. *P<0.05, **P<0.01.
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Recently, SPC24 has been reported to be associated with poor patient prognosis and overexpressed in many cancer
entities. For example, Yin et al9 believe that in anaplastic thyroid cancer, SPC24 activates the EMT pathway by down-
regulating E-cadherin to cause carcinogenesis. Zhou et al10 proved that in breast cancer, SPC24 caused carcinogenesis by
activating the PI3K/Akt pathway. Moreover, they also demonstrated that SPC24 is overexpressed in NSCLC.
Knockdown of SPC24 in NSCLC cells can significantly inhibit tumor cell proliferation and promote tumor cell
apoptosis.11 Zhu et al12 believe that the levels of SPC24 mRNA and protein in human HCC tissues are significantly
higher than in adjacent non-cancerous tissues and normal tissues, indicating that the high expression of SPC24 may be
involved in the development of HCC. Sheng et al13 proved that SPC24 promotes osteosarcoma progression by enhancing
EGFR/MAPK signal transduction. However, the specific clinical role of SPC24 in ccRCC is not clear as well as whether
it can be an effective therapeutic target for patients with ccRCC.

In this research, our results showed that compared with neighboring normal tissues or normal tissues, the expression
of SPC24 in ccRCC tissues was up-regulated, which was also confirmed by the results of our next RT-qPCR analysis.
Second, in TCGA and GEO data, the up-regulation of SPC24 in ccRCC was associated with late clinical features (grade,
stage, T stage, N stage, and M stage) and poor survival outcomes. However, we found there is no significant difference in

Figure 7 Enrichment plots from gene set enrichment analysis (GSEA). Each line representing one particular gene set with unique color, and up-regulated genes located in the
left approaching the origin of the coordinates, by contrast the down-regulated lay on the right of x-axis. Only gene sets with NOM p<0.05 and FDR<0.06 were considered
significant. (A) The enriched gene sets in MSigDB Collection (c2.cp.kegg.v6.2.symbols.gmt) by the high SPC24 expression patients. (B) The enriched gene sets in MSigDB
Collection (c2.cp.kegg.v6.2.symbols.gmt) by samples with low SPC24 patients. (C and D) GSEA indicated significant enrichment of immune-related phenotype in the high
SPC24 expression patients.
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the expression of SPC24 in patients with G1 and G2/G3, stage I and stage II, and T1 and T2 in the TCGA database. We
believe that this is caused by a too small sample size of low-grade and low-stage patients in the TCGA database. Third,
based on univariate and multivariate Cox regression, we determined that SPC24 is an independent prognostic factor in
TCGA ccRCC patients. Based on these results, we concluded that SPC24 may be a valuable prognostic biomarker in
ccRCC.

Afterward, in order to clarify the potential mechanism of SPC24 expression affecting the prognosis of ccRCC, GSEA
was carried out to explore the differentially activated signal pathways between the low and high SPC24 expression
groups. Our results revealed that SPC24 high-expression phenotype was related to colorectal cancer, endometrial cancer,
prostate cancer, renal cell carcinoma, and the WNT signaling pathway. Among them, the WNT signaling pathway plays
an important role in the occurrence and progression of a variety of cancers. Wang et al24 found that the WNT signal axis

Figure 8 Immunocytes infiltrated profile in tumor patients and correlation analysis. Barplot showing the proportion of 21 kinds of immunocytes infiltrated in ccRCC tumor
patients. The listing of plot represents the patient ID.

Figure 9 The plot showed the ratio differentiation of 21 kinds of immune cells between ccRCC samples with low or high SPC24 expression relative to the median of SPC24
expression level.
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Figure 10 Scatter plot showed the correlation of 12 kinds of immunocytes infiltrated proportion with the SPC24 expression.

Figure 11 The difference of SPC24 expression between tumor and corresponding normal tissues in 32 cancer types. *P<0.05, **P<0.01, ***P<0.001.
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Figure 12 High SPC24 expression patients were significant related to short OS in ACC (A), KIRP (B), LIHC (C), LUAD (D), MESO (E), and PAAD (F).
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Figure 13 High SPC24 expression groups PFS were worse than that of low SPC24 expression groups in ACC (A), KIRP (B), LIHC (C), LUAD (D), MESO (E), and PAAD (F).
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Figure 14 The relationship between the expression SPC24 and pathological stage in pan-cancer data. ACC (A), KIRP (B), LIHC (C), LUAD (D), MESO (E), and PAAD (F).
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plays a key role in regulating the proliferation of ccRCC cells. Abnormal activation of the WNT signaling pathway in
liver cancer can promote the malignant transformation of normal liver cells.25 Abnormal activation of the WNT signaling
pathway in colorectal cancer can also inhibit the proliferation of colon cancer cells by inhibiting the activity of the WNT
signaling pathway.26–28 However, further mechanistic studies are needed to verify the regulatory mechanism of SPC24 in
ccRCC, which may provide a novel treatment method for ccRCC.

It is worth noting that the results of GSEA research also showed that immune-related phenotypes tend to be enriched
in the high SPC24 expression group. Increasing evidence shows that immune cells and stromal cells in TME play a role
in tumorigenesis and development. In ccRCC, previous studies have shown that the subtypes of tumor-infiltrating
immune cells are related to the prognosis.29,30 In order to explore the relationship between the expression of SPC24
and the immune microenvironment of ccRCC, we used the CIBERSORT algorithm to further analyze it. The results
showed that 12 kinds of infiltrating immune cells are associated with the expression of SPC24, including those closely
related to tumors, such as macrophage M0, Tregs, and so on. Previous studies have reported the relationship between
these immune cells and tumor proliferation and progression. Yi et al31 found that there was a significant positive
correlation between high macrophage M0 and poor OS in patients with lung adenocarcinoma. Zhang et al 32 reported that
M0 macrophages can be transformed into M2 macrophages under certain conditions and promote the proliferation and
metastasis of ovarian cancer. De Martino et al33 proved that Tregs are closely related to breast cancer. Wang et al34 found
that elevated Tregs play a key negative regulatory role in tumor-associated immunity and contribute to tumor growth and
progression. In our research, we found that SPC24 is a gene indicating increased risk, and its expression was positively
correlated with the infiltration of macrophages M0 and Tregs. This showed that our research is consistent with previous
reports. Overall, we have reason to believe that SPC24 is related to the immune microenvironment.

In order to evaluate the prognostic value of SPC24 in cancer, we conducted a pan-cancer analysis through similar
analytical methods. Based on our results, we found that the expression of SPC24 in tumor and normal tissues was

Figure 15 Correlation between SPC24 expression and infiltration level of five common-type immune cells (CD4 memory resting T cells, CD4 memory activated T cells,
Follicular helper T cells, NK cells and Macrophages). (A) Correlation between five immune cells infiltration level and SPC24 expression in KIRP. (B) Correlation between five
immune cells infiltration level and SPC24 expression in LIHC. (C) Correlation between five immune cells infiltration level and SPC24 expression in LUAD.
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significantly different in many cancers. We also found that the expression level of SPC24 was related to clinical stage, so
we can speculate that abnormal SPC24 expression is a prognostic factor in some types of cancer. More importantly, the
CIBERSORT calculation method proved that the expression of SPC24 has a significant correlation with immune cells in
many cancers, so we have reason to believe that SPC24 is related to the tumor immune microenvironment.

It is important to identify the abnormal gene expression in different tumor types, and it is even more important to
identify the specific targets or characteristics of the tumor for individualized treatment to increase the chances of
successful treatment or cure of cancer cases.35 Pan-cancer analysis of SPC24 is valuable for identifying differential
expression and the role of SPC24 in many cancer types. Pan-cancer cellular analysis can be performed to assess the
expression of genes, which may shed light on future cellular experiments. On the other hand, TCGA genomic and
survival analysis may provide guidance for clinical implications and future studies.36 It is worth noting that another key
finding of this research is that SPC24 is associated with the level of immune cell infiltration in cancer. This proves that
SPC24 may affect the degree of immune infiltration and the activation of various immune cells and provides an immuno-
oncological perspective on SPC24 as a prognostic marker of tumor.

Inevitably, our research also has some limitations that need to be pointed out. Because of the limitations of the data,
SPC24ʹs ability to predict prognosis has only been verified only in the TCGA and GEO data sets, and it is expected that
more patient data sets can be used to verify the significance of SPC24. In addition, in order to accelerate clinical
application, these findings need to be verified by more data, such as immunohistochemistry or flow cytometry. Therefore,
we will verify the feasibility of SPC24 as a therapeutic target of ccRCC in future studies.

Conclusion
Our study identifies a novel prognostic molecular marker associated with immune cell infiltration in ccRCC. In addition,
we also revealed the promoter role of SPC24 in pan-cancer. These findings may provide new insights into prognosis in
ccRCC and provide a reference for further study of tumor immunotherapy in ccRCC.
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