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	 Background:	 SPATA18 (spermatogenesis-associated 18, also called Mieap) encodes a protein that can induce lysosome-like 
organelles within mitochondria, which plays an important role in tumor growth. We measured the expression 
of SPATA18 in ccRCC, and assessed its diagnostic and prognostic clinical value in patients with clear cell renal 
cell carcinoma (ccRCC).

	 Material/Methods:	 We analyzed SPATA18 expression using data from the TCGA-KIRC cohort, GEO database, and UALCAN data-
base. Immunohistochemistry was carried out to verify the expression in the ccRCC patients. The diagnostic val-
ue of SPATA18expression was evaluated by a receiver operating characteristic (ROC) curve. The correlation be-
tween clinical characteristics and SPATA18 expression was calculated by chi-square test. The prognostic value 
of SPATA18 expression was assessed by Kaplan-Meier analysis and Cox analysis. We conducted gene set en-
richment analysis (GSEA) using TCGA database.

	 Results:	 SPATA18 gene exhibited a higher expression in ccRCC tissues than in normal tissues. SPATA18 showed a sub-
stantial diagnostic value in ccRCC. SPATA18 expression was correlated with histological grade, clinical stage, T 
classification, and distant metastasis of ccRCC. Furthermore, high SPATA18 expression was associated with fa-
vorable overall survival. Multivariate analysis showed that SPATA18 was an independent risk factor for ccRCC. 
Gene set enrichment analysis (GSEA) showed that B cell receptors, WNT targets, extracellular matrix, oxida-
tive phosphorylation, calcium metabolism, iron uptake and transport, potassium channels, and insulin recep-
tor were differently enriched in the phenotype that was negatively correlated with SPATA18.

	 Conclusions:	 Our study indicated that high SPATA18 expression in ccRCC was associated with a good prognosis, and it could 
be a positive prognostic biomarker for ccRCC.
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Background

Renal cell carcinoma, the third most common malignancy of 
the urinary system, caused 179 000 deaths among more than 
431 000 new cases of kidney cancer worldwide in 2020 [1].

Clear cell renal cell carcinoma is the main histological subtype of 
renal carcinoma [2-4]; 30-40% of cases had metastases at the 
time of diagnosis [5], and the 5-year survival rate for metastatic 
patients is only 8-11.7% [6]. In treatment of metastatic renal cell 
carcinoma, ccRCC is prone to resistance to radiation, cytotoxicity, 
and hormone therapy, and the effect of targeted therapy is more 
obvious than that of radiotherapy, chemotherapy, and immuno-
therapy [7-9]. Genetic markers play an important role in judging 
tumorigenesis and predicting treatment effects, serving as drug 
targets and predicting survival [9-13]. Due to the better effica-
cy of targeted therapy and rapid advances in sequencing tech-
nology, a growing body of research has focused on looking for 
new and effective tumor genetic markers to treat ccRCC [14-17].

Spermatogenesis-associated 18 (SPATA18, also referred to as 
Mieap), a p53-inducible protein, participates in the mitochon-
drial quality control process by inducing lysosome-like organ-
elles within mitochondria that eliminate oxidized mitochondrial 
proteins [18-20]. It is reported that disordered mitochondri-
al quality control is related to cancer and degenerative dis-
ease [21,22]. Not surprisingly, later studies have shown that 
SPATA18 plays an important role in mitochondrial autopha-
gy [18,23]. Recent studies have increasingly concentrated on 
the relationship with tumorigenesis [24,25]. Experiments on 
mice showed that SPATA18 is involved in regulating intestinal 
tumors through mitochondrial quality control [20]. In breast 
cancer, colorectal cancer, and bronchial carcinoma, SPATA18 
acts as an oncogene or tumor suppressor gene that is associ-
ated with a better prognosis [25,26]. However, the potential 
relationship between SPATA18 and ccRCC has been unclear.

In this study, by mining the TCGA and GEO databases, we found 
that SPATA18, as a protein-encoding gene fragment, has val-
ue in the diagnosis and prognosis of ccRCC.

Material and Methods

Bioinformatics and Data Mining of SPATA18

The transcriptome data of diverse tumor tissues were down-
loaded from The Cancer Genome Atlas (TCGA database, https://
portal.gdc.cancer.gov/). The expression of SPATA18, clinico-
pathological details, and general data of ccRCC were gathered.

All statistical analysis and data visualization was made using 
R studio (v.3.6.3). The ROC curve was generated to illustrate 

the diagnostic value by using the pROC package. The correla-
tions between clinical characteristics and SPATA18 expression 
were calculated by chi-square test. To analyze the prognos-
tic value of SPATA18 mRNA expression in ccRCC, we used the 
packages ‘Survival’ and ‘SurvMiner’ of R software to perform 
Kaplan-Meier analysis and multivariate Cox analysis with the 
data downloaded from the TCGA database. Statistical signifi-
cance was defined as P values less than 0.05.

We performed GSEA analysis to assess the correlations be-
tween SPATA18 expression and all genes by using the cluster 
Profiler package. It was considered to be of statistical signifi-
cance when |ES|>1, P<0.05, and FDR <0.25. GSE30895 datas-
ets were downloaded from the Gene expression omnibus (GEO 
database, https://ncbi.nlm.nih.gov/geo/).

Immunohistochemistry (IHC)

The paraffin sections were baked at 60°C for 30 min and soaked 
twice in xylene solution for 15 min each time, then they were 
soaked in a xylene ethanol mixture (1: 1 ratio), anhydrous eth-
anol, 95% ethanol, 85% ethanol, 75% ethanol, and distilled wa-
ter for 10 min each, then the slices were placed in antigen re-
pair solution for 20 min 2 times and soaked in distilled water 
for 10 min. We washed the carrier twice in TBS solution con-
taining 0.025%TritonX-100 for 5 min each time. After that, the 
slices were sealed in TBS solution containing 10% normal se-
rum and 1% BSA at room temperature for 2 h. We removed 
the liquid and then wiped the carrier. The anti-SPATA18 mono-
clonal antibody was diluted 100-fold (Abcam, EPR13704) and 
incubated overnight at 4°C. The carrier was washed twice in 
TBS solution containing 0.025%TritonX-100 and stirred gen-
tly for 5 min each time. The second antibody was diluted with 
TBS solution containing 1% BSA, and the second antibody was 
coated on the carrier and incubated at room temperature for 
1 h, then incubated at room temperature with Streptomyces 
avidin-peroxidase solution for 10 min. This was followed by 
rinsing for 5 min, staining with hematoxylin for 30 s, rinsing 
again with distilled water, dehydration, and cleaning. Neutral 
gum was used for sealing. Then we observed the slides and re-
corded the expression of SPATA18 under an optical microscope 
(Leica, Germany). We considered the proportion and intensi-
ty of positive staining of tumor cells. The positivity proportion 
was scored from 0 to 3 based on its proportion percentage. 
The staining intensity was divided into 4 groups: no staining, 
weak staining, moderate staining, and strong staining, scored 
as 0-3, respectively. Double-blind method was used for evalua-
tion of percent positivity and staining intensity. The final stain-
ing score of SPATA18 was summed by the score for intensity 
and proportion. A final score of <4 was regarded as weak and 
a final staining score of ³4 was regarded as strong.
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Results

The Characteristic of ccRCC Patients

The clinical and gene expression data, including age, sex, grade, 
stage, T classification, lymph nodes, distant metastasis, and sur-
vival status, were obtained from the TCGA database (Table 1).

SPATA18 expression in ccRCC patients

Firstly, we used data from TCGA to analyze the expression of 
the SPATA18 at the transcriptome level. The result showed 
that the expression of SPATA18 gene in ccRCC tissues was 
clearly higher than in tissues adjacent tumors, both in the 
paired and unpaired groups (P=3.7e-27, P=7.3e-22, respec-
tively) (Figure 1). Secondly, we analyzed the SPATA18 mRNA 

expression level in different subgroups. In the results, T clas-
sification, clinical stage, distant metastasis and histological 
grade showed a difference. With the increase of T stage, the 
SPATA18 mRNA expression level decreased in ccRCC patients. 
We also observed that patients with lower histological grades 
showed a higher SPATA18 mRNA expression than did patients 
with high histological grades (P=2.2e-09), and patients with 
no distant metastasis had higher SPATA18 mRNA expression 
than positive patients. The SPATA18 mRNA expression was 
lower in high-grade groups (G3/G4) than in low-grade groups 
(G1/G2) (P=9.7e-07) (Figure 2A-2D).

Validation of SPATA18 mRNA Expression and Protein 
Expression in ccRCC

The GSE 53757 dataset chosen from the GEO database was 
used to calculate the SPATA18 mRNA expression, showing that 
SPATA18 mRNA expression was higher in ccRCC than in normal 
tissues. The SPATA18 protein expression was analyzed by data 
from the UALCAN database, showing that the SPATA18 protein 
was highly expressed in ccRCC tissues (P=7.9e-65) (Figure 3).

Immunohistochemistry was carried out to verify the SPATA18 
gene expression in ccRCC patients. We collected some speci-
mens from the Second Affiliated Hospital of Soochow University, 
and all the patients provided informed consent. Most lesions 
of ccRCC patients (15/21, 71.4%) exhibited high SPATA18 ex-
pression in CRC cells (Table 2), showing that the expression 
of SPATA18 was obviously higher than in tumor-adjacent tis-
sues in the ccRCC patients (Figure 4).

Correlation Between Clinical Characteristics and SPATA18 
Expression in ccRCC

The correlation between clinical characteristics and SPATA18 
expression was calculated by chi-square test. We divided pa-
tients into high and low groups according to the expression of 
SPATA18 mRNA. Our data analysis showed that high SPATA18 
mRNA expression was correlated with T classification, surviv-
al status, histological grade, distant metastasis, and patholog-
ic stage (P<0.05) (Table 3).

Diagnostic Value of SPATA18 Expression in ccRCC

We evaluated the value of SPATA18 expression in diagnosis by 
drawing a receiver operating characteristic (ROC) curve, and 
the area under the curve (AUC) of SPATA18 was 0.890. The 
ROC curve of SPATA18 mRNA expression in different stages 
was also analyzed, and the AUC values for stage I, II, and III 
were 0.940, 0.850, and 0.851 respectively, which shows good 
diagnostic value (Figure 5).

Clinical 
characteristic

Variable
Overall 
(N=539)

(%)

Age £60 269 49.9

>60 270 50.1

Gender Female 186 34.5

Male 353 65.5

Histologic 
grade

G1 14 2.6

G2 235 44.3

G3 207 39.0

G4 75 14.1

Pathologic 
stag

I 272 50.7

II 59 11.0

III 123 22.9

IV 82 15.3

T stage T1 278 51.6

T2 71 13.2

T3 179 33.2

T4 11 2.0

N stage N0 241 93.8

N1 16 6.2

M stage M0 428 84.6

M1 78 15.4

OS event Alive 366  67.9

Dead 173 32.1

Table 1. Clinical characteristics of the ccRCC patients.
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Figure 1. �SPATA18 mRNA expression in ccRCC patients. (A) Normal tissues and tumor tissues(P=3.7e-27). (B) Expression in ccRCC 
tissues and adjacent tissues (P=7.3e-22) (R studio, version 3.6.3).
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Figure 2. �Association with SPATA18 mRNA expression and clinicopathologic characteristics. (A) T classification, (B) Clinical stage, 
(C) Histologic grade, (D) Distant metastasis (R studio, version 3.6.3).
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High Expression of SPATA18 is an Independent Predictor of 
Overall Survival of Patients with ccRCC

The prognostic value of SPATA18 expression was assessed 
by Kaplan-Meier analysis and Cox analysis, revealing that 
patients with a higher SPATA18 mRNA expression had bet-
ter overall survival. In subgroup analysis, the overall surviv-
al in groups of T1/T2, T3/T4 stages, distant metastasis, histo-
logical grade G3/G4, and clinical stage showed a significant 
difference (Figure 6). According to the univariate analysis, in 
factors of age, stage, grade, distant metastasis, and positive 
lymph nodes, the SPATA18 mRNA expression was correlated 
with overall survival (Table 3). Multivariate analysis showed 
that high expression of SPATA18 is an independent predictor 
of overall survival of patients with ccRCC (Table 4).

Gene Set Enrichment Analysis (GSEA) Showed Some 
Possible Signal Pathways

Using GSEA, we searched for signaling pathways related to 
ccRCC. We found that for WNT targets, oxidative phosphory-
lation, calcium metabolism, iron uptake and transport, potas-
sium channels, and insulin receptor, there were negative cor-
relations between differential enrichment and SPATA18 mRNA 
expression phenotype (Table 5, Figure 7).

Discussion

SPATA18 was proved to be related to the quality and quantity of 
mitochondria [18]. Later studies have shown that it is a down-
stream gene of p53 [27]. With the discovery of the relationship 
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Figure 3. �SPATA18 mRNA expression in GSE 53757 and SPATA18 protein expression in ccRCC and normal tissues (A was plotted using 
R studio, version 3.6.3; B was plotted using Ualcan’s analysis tools.)

Characteristic
(n=21)

SPATA18

Low
6 (28.6%)

High
15 (71.4%)

Age

	 <60 	 3	 (50%) 	 7	 (46.7%)

	 ³60 	 3	 (50%) 	 8	 (53.3%)

Sex

	 Male 	 6	 (100%) 	 9	 (60%)

	 Female 	 0 	 6	 (40%)

Tumor location

	 Right-sided colon 	 4	 (66.7%) 	 5	 (33.3%)

	 Left-sided colon 	 2	 (33.3%) 	 10	 (66.7%)

WHO/ISUP

	 Well to moderately 	 3	 (50%) 	 5	 (33.3%)

	 Poorly 	 3	 (50%) 	 10	 (66.7%)

T stage

	 T1 	 5	 (83.3%) 	 11	 (73.4%)

	 T2 	 1	 (16.7%) 	 2	 (13.3%)

	 T3&T4 	 0 	 2	 (13.3%)

Table 2. �Characteristics of renal cell carcinoma classified by 
SPATA18 expression.
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Figure 4. �Representative HE staining and immunostaining images of SPATA18. (A) Strong SPATA18 expressed in the tumor tissues of 
ccRCC patients. (B) Weak SPATA18 expressed in the tumor tissues of ccRCC patients. (C) SPATA18 expressed in the adjacent 
tissues of ccRCC patients. The pictures were microphotographed (Leica, Germany) and processed using WPS Office (version 
11.1.0.12132). Left side is 100 magnification and right side is 400 magnification.
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between mitochondrial autophagy and cancer, research on 
SPATA18 has shifted to its association with various cancers. So 
far, it has been confirmed that the gene SPATA18 has an impor-
tant role in breast cancer and colorectal cancer [20,26,27]. In the 
literature on the prognostic model of ccRCC, SPATA18 has been 
found to play a prognostic role in ccRCC [28]. To further study 
the value of SPATA18 in clear cell renal cell carcinoma, we car-
ried out this study. Our research showed that the expression of 
SPATA18mRNA in ccRCC tissues was higher than that in normal 
tissues. The high expression of SPATA18mRNA was related to 
survival status, distant metastasis, clinical stage, T stage, and his-
tological grade. In addition, high expression of SPATA18mRNA is 
associated with good overall survival. SPATA18 is an independent 
prognostic factor for ccRCC and has potential diagnostic value.

In previous studies, the expression of SPATA18 in esophageal 
cancer, colon cancer, breast cancer, and other cancer tissues 

was down-regulated compared with normal tissues [24-26]. 
However, in our research, the expression of SPATA18 was sig-
nificantly up-regulated in ccRCC tissues (Figure 1). Moreover, 
analysis of the protein expression level of SPATA18 in the 
UALCAN database also showed that SPATA18 protein was high-
ly expressed in ccRCC tissues (Figure 3). This shows that the 
expression of SPATA18 in ccRCC tissues is higher than that in 
normal tissues at both gene and protein levels. Based on the 
literature review, we further analyzed the cause of this phe-
nomenon, finding that there are many fat droplets in renal 
clear cell carcinoma tissue [29] that do not exist in other can-
cer tissues [30], and we found that ROS (reactive oxygen spe-
cies, mainly produced in and targeted at mitochondria [31]) 
was accumulated in ccRCC cells [23]. When ROS accumula-
tion and a large number of lipids exist at the same time, the 
level is subsequently elevated, and lipid ROS causes damage 
to various biofilms [32], including mitochondrial membranes 

Characteristic Variable
Expression of SPATA18 (%)

c2 p
Low (n=265) High (n=265)

Age £60 	 130	 (24.5) 	 134	 (25.3) 0.07 0.794

>60 	 135	 (25.5) 	 131	 (24.7)

Gender Female 	 85	 (16.0) 	 101	 (19.1) 1.86 0.172

Male 	 180	 (34.0) 	 164	 (30.9)

Histologic grade G1 	 7	 (1.3) 	 7	 (1.3) 34.36 <0.001

G2 	 90	 (17.2) 	 137	 (26.2)

G3 	 103	 (19.7) 	 103	 (19.7)

G4 	 59	 (11.3) 	 16	 (3.1)

Pathologic stage Stage I 	 103	 (19.5) 	 162	 (30.7) 30.14 < 0.001

Stage II 	 28	 (5.3) 	 29	 (5.5)

Stage III 	 79	 (15.0) 	 44	 (8.3)

Stage IV 	 53	 (10.1) 	 29	 (5.5)

T stage T1 	 107	 (20.2) 	 164	 (30.9) 28.12 < 0.001

T2 	 37	 (7.0) 	 32	 (6.0)

T3 	 112	 (21.1) 	 67	 (12.6)

T4 	 9	 (1.7) 	 2	 (0.4)

N stage N0 	 123	 (48.2) 	 116	 (45.5) 6.45 0.011

N1 	 14	 (5.5) 	 2	 (0.8)

M stage M0 	 201	 (40.4) 	 219	 (44.0) 6.31 0.012

M1 	 50	 (10.0) 	 28	 (5.6)

OS event Alive 	 149	 (28.1) 	 208	 (39.2) 28.87 <0.001

Dead 	 116	 (21.9) 	 57	 (10.8)

Table 3. Relationship between SPATA18 mRNA expression and clinical characteristics in ccRCC.
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Figure 5. �ROC curve of SPATA18 mRNA expression in ccRCC cohort. (A) ROC curve of SPATA18 mRNA expression in normal and tumor 
tissues, (B-D) Subgroup analysis for stage I, II, and III, respectively (R studio, version 3.6.3).

[30,32-34]. The damage and cleavage of mitochondria need 
to be repaired and cleared. SPATA18 is involved in the quality 
control of mitochondria [19,23] since that the expression of 
SPATA18 in ccRCC is higher than in normal tissues.

In our study, ROC analysis showed that SPATA18 had good di-
agnostic value in all stages of ccRCC, and multivariate corre-
lation analysis also presented that SPATA18 was an indepen-
dent prognostic factor for ccRCC. This provides evidence that 
SPATA18 is a promising biomarker for the diagnosis of renal 
cell carcinoma.

Although SPATA18 is highly expressed in ccRCC tissues, the re-
sults of prognostic correlation analysis show that high expres-
sion of SPATA18 in ccRCC tissues is associated with a better 
prognosis. This is consistent with the research results of oth-
er cancers. In Hitoya Sano’s study, the expression of SPATA18 
was related to a good prognosis of gastric and esophageal 
cancer, and SPATA18 immunohistochemistry predicted the 
prognosis of patients with gastric and esophageal cancer [25]. 
In breast cancer, P53/SPATA18 mitochondrial quality control 
has a critical tumor-suppressive role [27]. In colorectal can-
cer, SPATA18 acts as a tumor-suppressor gene by repairing or 
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Figure 6. �Overall survival analysis with SPATA18 mRNA expression. (A) Kaplan-Meier curves for overall survival in ccRCC for all cases, 
(B) clinical stage I/II, (C) clinical stage III/IV, (D) N0, (E) M0, (F) G1/G2, (G) T1/T2, (H) T3/T4 (R studio, version 3.6.3).
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Characteristics
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HR (95% CI) P value HR (95% CI) P value

Age 	 1.765	 (1.298-2.398) <0.001 	 1.634	 (1.063-2.513) 0.025

Gender 	 0.930	 (0.682-1.268) 0.648

Histologic grade 	 0.370	 (0.263-0.521) <0.001

Pathologic stage 	 0.253	 (0.184-0.348) <0.001

T stage 	 3.228	 (2.382-4.374) <0.001

N stage 	 3.453	 (1.832-6.508) <0.001

M stage 	 4.389	 (3.212-5.999) <0.001 	 2.783	 (1.652-4.689) <0.001

SPATA18 	 0.606	 (0.529-0.694) <0.001 	 0.617	 (0.491-0.777) <0.001

Table 4. �Correlations between overall survival and mRNA expression of SPATA18 analyzed by univariate and multivariate Cox 
regression.

Gene set name NES p-val FDR q-val

REACTOME_EXTRACELLULAR_MATRIX_ORGANIZATION -1.070 0.021 0.018

KEGG_CALCIUM_SIGNALING_PATHWAY -1.556 0.021 0.018

KEGG_OXIDATIVE_PHOSPHORYLATION -1.562 0.021 0.018

REACTOME_POTASSIUM_CHANNELS -1.572 0.021 0.018

REACTOME_WNT_LIGAND_BIOGENESIS_AND_TRAFFICKING -1.690 0.041 0.034

REACTOME_IRON_UPTAKE_AND_TRANSPORT -1.580 0.021 0.018

REACTOME_SIGNALING_BY_INSULIN_RECEPTOR -1.750 0.021 0.018

REACTOME_SIGNALING_BY_THE_B_CELL_RECEPTOR_BCR_ -1.980 0.021 0.018

Table 5. Gene sets enriched in negatively correlated with SPATA18 mRNA expression phenotype.
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Figure 7. �Enrichment plots by GSEA. (A) Iron uptake and transport, (B) Calcium signaling pathway (C) Oxidative phosphorylation, 
(D) WNT ligand biogenesis and trafficking (R studio, version 3.6.3).

eliminating unhealthy mitochondria [24], and SPATA18 prob-
ably also acts as a tumor suppressor in ccRCC and is linked to 
a favorable prognosis.

To further explore the related mechanisms between the ex-
pression of SPATA18 and the clinical prognosis of ccRCC, we 
carried out Gene Set Enrichment Analysis (GSEA). The results 
showed that pathways such as iron uptake and transport, cal-
cium metabolism, oxidative phosphorylation, and WNT targets 
are probably involved in SPATA18 expression and may be in-
volved in ferroptosis or mitophagy. Xiu liDan and others have 
revealed that the expression of SPATA18 is closely related to 
mitochondrial quality control, which can improve intracellu-
lar ROS accumulation and plays an integral part in its metab-
olism [24]. Ferroptosis occurs when the accumulation of lipid 
ROS causes cell death [33,35]. Therefore, the high expression 
of SPATA18 may help to reduce the level of ROS, regulating 
mitophagy and participating in DNA damage repair to prevent 
cell carcinogenesis, and P53/SPATA18 inhibits tumor growth 
through ROS response and ferroptosis.

In summary, this study verified the diagnostic and prognostic val-
ue of SPATA18 expression in ccRCC. SPATA18 may also be used 
as a tumor suppressor, and its high expression is beneficial to 
the prognosis of ccRCC. Although immunohistochemistry has elu-
cidated the phenomenon of increased SPATA18 expression, fur-
ther research is needed to determine the mechanisms involved.

Conclusions

In this study, we found that the expression of SPATA18 in 
ccRCC patients was up-regulated, and the expression level of 
SPATA18 decreased gradually with the progression of ccRCC. 
In any stage, the prognosis of patients with high expression 
of SPATA18 was significantly better than in those with low ex-
pression. It is also an independent prognostic factor in ccRCC.
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