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Introduction: Kidney renal clear cell carcinoma (KIRC) is a common cancer in people worldwide, and one of the main issues is 
developing suitable biomarkers. This study aims to investigate the expression of TSTD2 in KIRC and its impact on prognosis.
Methods: RNA sequencing data from TCGA and GTEx were gathered to examine the functional enrichment of TSTD2-related 
differentially expressed genes (DEGs) using GO/KEGG, GSEA, immunocyte permeation analysis, and protein–protein interaction 
(PPI) network analysis. The Kaplan‒Meier-Cox regression model and the prognostic nomograph model were used to assess the clinical 
importance of TSTD2 in KIRC. R software was used to analyze the included studies. Finally, verification of cells and tissues was 
performed using immunohistochemical staining and quantitative real‒time PCR.
Results: In contrast to normal samples, it was discovered that TSTD2 was underexpressed in a number of malignancies, including 
KIRC. Furthermore, in 163 KIRC samples, low expression of TSTD2 was linked to a poor prognosis, as were subgroups with age 
greater than 60, the integrin pathway, the development of elastic fibers, and high TNM stage, pathologic stage, and histologic grade (P 
< 0.05). Age and TNM stage were included in the nomogram prognostic model, and low TSTD2 was a prognostic predictor that could 
be used independently in Cox regression analysis. In addition, 408 DEGs with 111 upregulated genes and 297 downregulated genes 
were found between the high- and low-expression groups.
Conclusion: The diminished expression of TSTD2 may serve as a biomarker for unfavorable outcomes in KIRC, and holds potential 
as a target for therapeutic interventions.
Keywords: kidney renal clear cell carcinoma, TSTD2, the cancer genome atlas, R packages

Introduction
The preponderance of primary renal malignancies (75–82%) manifest as Kidney renal clear cell carcinoma (KIRC), 
rendering it the foremost malignant neoplasm within the realm of renal pathology.1 According to the International 
Society of Urological Pathology Vancouver Consensus Statement, KIRC has been categorized into distinct subtypes, 
including clear cell, type I and type II papillary cell, and chromophobe subtypes based on pathological classification.2 

KIRC has a stronger recurrence metastasis potential than other subtypes, and patients have a worse prognosis than renal 
cancer patients with other subtypes.3–5 Hence, the discovery of novel and efficacious clinical markers and targets is of 
great significance to improve the survival rate and treatment of KIRC.

Thiosulfate sulfurtransferase-like domain containing 2 (TSTD2) belongs to the TSTD family. This gene encodes for 
thiosulfate sulfotransferase, which governs the intercellular transfer of sulfur compounds.6 The human genome database 
comprises annotations for TSTD subtypes 1, 2, and 3. It is predicted that TSTD3 may not function as an autonomous 
sulfur transferase due to the absence of the catalytic cysteine. The function of the conserved cysteine located in the active 
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site of TSTD2 remains unclear. TSTD1 is found in the cytoplasm, close to the nuclear membrane,7,8 and has the potential 
to play a role in sulfide signaling. Currently, there is a paucity of literature regarding the correlation between TSTD2 and 
human ailments. The expression of TSTD2 may be linked to an unfavorable prognosis in hepatocellular carcinoma 
associated with the hepatitis B virus,9 mainly downstream of HCC-related pathways, such as the phosphatidylinositol- 
3-kinase and protein kinase B signaling pathways, focal adhesion, human papillomavirus infection, the Rap1 signaling 
pathway, and cyclic guanosine monophosphate-dependent protein kinase (cGMP PKG) signaling pathway mediation. 
Furthermore, the differentiation of chondrocytes in the growth plate may be impacted by the expression of TSTD2, 
subsequently affecting an individual’s stature.10–12 Nonetheless, the expression and prognostic significance of TSTD2 in 
KIRC remain elusive.

In this study, we aimed to establish a correlation between TSTD2 expression levels and the prognosis of KIRC 
patients through three distinct phases. Firstly, we obtained genotype tissue expression (GTEx) and RNA sequencing 
(RNA-seq) data of KIRC samples from The Cancer Genome Atlas (TCGA) to investigate the expression of the core gene 
TSTD2. Subsequently, we conducted functional enrichment analysis of TSTD2 using Gene Ontology (GO), Kyoto 
Encyclopedia of Genes and Genomes (KEGG), GSEA, immune cell infiltration analysis, and protein-protein interaction 
(PPI) network analysis. In addition, we utilized prognostic methods such as Kaplan-Meier and nomograms to assess the 
clinical relevance of TSTD2 in KIRC. Our ultimate goal is to establish a comprehensive understanding of the role of 
TSTD2 in KIRC prognosis.

Materials and Methods
RNA-Sequencing Data and Bioinformatics Analysis
UCSC XENA provided pancancer RNA-seq data for TCGA and GTEx, with toil processed uniformly.13,14 To conduct 
further inquiry, the level 3 HTSeq-FPKM and HTSeq-Count data pertaining to the TSTD2 samples were procured 
from the TCGA website. The present study adhered to the published guidelines of both TCGA and GTEx in their 
entirety.

Differentially Expressed Gene (DEG) Analysis
DESeq2 R software was employed to identify DEGs by analyzing the expression data of TSTD2 in KIRC samples with 
low- and high-expression levels (using a cutoff value of 50%).(HTseq-Count).15 We used heatmaps to identify the top ten 
DEGs.

Functional Enrichment Analysis
Functional enrichment analysis was performed on DEGs with |logFC| >1.5 and padj <0.05. The R ClusteProfiler package 
was utilized to conduct analyses of cellular components (CC), molecular functions (MF), and biological processes (BP) 
based on the Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway.16

Gene Set Enrichment Analysis
To contrast the functional and pathway variances amidst the TSTD2 high-expression and low-expression cohorts, GSEA 
was executed through the utilization of The R package ClusteProfiler (3.14.3).16 The gene set underwent 1000 permuta-
tions for each study. Statistical significance was defined as an adjusted P value 0.05 and an FDR q-value 0.25.

Immune Infiltration Analysis by Single-Sample Gene Set Enrichment Analysis (ssGSEA)
The immune infiltration analysis of TSTD2 was executed through ssGSEA utilizing the gsva package in R (version 
3.6.3). To discern the correlation between TSTD2 and the enrichment fraction of 24 distinct types of infiltrating immune 
cells, Spearman correction was implemented.17 The enrichment scores of the high and low TSTD2 expression groups 
were analyzed using the Wilcoxon rank sum test.
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PPI Network
The PPI network of DEGs was predicted using the Search Tool for the Retrieval of Interacting Genes (STRING) 
database.18 The cutoff criterion was established at a 0.4 interaction score threshold. Cytoscape (version 3.7.1) was used to 
map the PPI network,19 and MCODE (version 1.6.1) was used to identify the most significant modules.20 Selection 
criteria: degree cutoff = 2, node score cutoff = 0.2, MCODE scores >5, max depth = 100, and k-score = 2. The route and 
process enrichment study were carried out using Metascape.

Prognostic Model Generation and Prediction
To predict the overall survival (OS) and event-free survival (EFS) of KIRC patients on an individual level, a nomogram was 
created using the RMS R package (version 5.1). The nomogram incorporated significant clinical features and calibration plots 
were utilized to visually evaluate the probabilities predicted by the nomogram against the measured rates. The calibration curves 
were assessed, with the 45° line reflecting the optimal predictive results. The discrimination of the nomogram was evaluated using 
the concordance index (C-index), and 1000 resamples were computed using the bootstrap method. Furthermore, the predictive 
efficacy of the nomogram was compared to that of various prognostic factors using the C-index and receiver operating 
characteristic (ROC) curve. All double-tailed statistical tests were set at a statistical significance level of 0.05.

Patient Samples
Between 2020 and 2023, a total of 42 patients who underwent either radical or partial nephrectomy at the urology 
department of Qingdao University Affiliated Yantai Yuhuangding Hospital kindly provided us with KIRC tissues and 
matched normal renal tissues. The surgical specimens were promptly submerged in liquid nitrogen and subsequently 
transferred to a −80°C refrigerator for further utilization. All participants provided their informed consent, and the project 
was approved by the ethics committee of Qingdao University Affiliated Yantai Yuhuangding Hospital.

Cell Lines and Cell Culture
The Cell Bank of the Chinese Academy of Sciences has recently made available for purchase the KIRC cell lines (786-O, 769- 
P, ACHN, Caki-2, and A498), as well as a human normal renal proximal convoluted tubular cell line (HK-2). While the RPMI 
1640 medium was used for the cultivation of the former cell lines, DMEM (BI, Israel) (BI, Israel) was employed for the latter. 
All media were supplemented with 10% Fetal Bovine Serum (FBS) and 1% of penicillin and streptomycin, respectively. The 
cells were maintained in a humidified incubator at 37 degrees Celsius and 5% carbon dioxide.

RNA Extraction, Reverse Transcription and Quantitative Real-time PCR (qRT‒PCR)
We utilized the SteadyPure Quick RNA Extraction Kit (Accurate Biology, China) to extract total RNA from freshly frozen 
tissues or KIRC cell lines, followed by reverse transcription using the Evo M-MLV RT Mix Kit (Accurate Biology, China). 
Subsequently, qPCR was conducted with the SYBR® Green Premix Pro Taq HS qPCR Kit and Rox Reference Dye (Accurate 
Biology, China). The internal reference gene GAPDH was utilized, and the relative expression level of the target gene was 
determined using the 2−ΔΔCT calculation method. Each experiment was performed in triplicate.

Immunohistochemical (IHC) Analysis
All paraffin specimens were sectioned at 0.4mm intervals, and two consecutive slices were cut and baked at 65°C for 30 
minutes. This thin cut was then stained with HE to provide a more detailed image of the tissues.

Statistics Analysis
The statistical analyses and graphs were analyzed and displayed using R (version 3.6.2). The Wilcoxon rank-sum test was 
utilized for unpaired samples, while the Wilcoxon signed-rank test was employed for paired samples. The relationship 
between clinical/cytogenetic characteristics and TSTD2 expression was evaluated through the Kruskal–Wallis test, 
Wilcoxon signed-rank test, and logistic regression analysis. Cox regression analysis and the Kaplan‒Meier method 
were used to evaluate prognostic factors. A multivariate Cox analysis was conducted to assess the impact of TSTD2 
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expression on survival in conjunction with other clinical characteristics, with the median TSTD2 expression serving as 
the cutoff value. A P value of 0.05 was considered statistically significant for all data. The calculated area under the curve 
(AUC) value ranged from 0.5 to 1.0, indicating a discriminating capacity of 50% to 100%. Additionally, the effectiveness 
of TSTD2 transcriptional expression in distinguishing KIRC from healthy samples was evaluated using ROC analysis 
with the pROC software.

Results
TSTD2 Expression Across Cancers and KIRC
The RNA-seq data derived from UCSC XENA were acquired in both TCGA and GTEx formats, and underwent uniform 
processing utilizing the toil procedure. Notably, TSTD2 displayed significantly decreased expression in 28 types of 
cancer (Figure 1A), including KIRC, when compared to its expression levels in normal samples from both TCGA and 
GTEx databases, versus comparable tumor samples from the TCGA database (Figure 1B).

Figure 1 The lower expression of TSTD2 was showed in KIRC compared with normal samples. (A) Expression level of TSTD2 in paired normal and pan-cancer samples. 
(B) Expression level of TSTD2 in paired normal and KIRC samples. *P < 0.05; **P < 0.01; ***P < 0.001.
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Identification of DEGs in KIRC Samples with Low and High TSTD2 Expression
We sought to identify differences in median mRNA expression levels between high- and low-expression groups within 
gene expression profiles. Our analysis revealed a total of 408 DEGs, consisting of 111 upregulated and 297 down-
regulated genes, which were statistically significant in the TSTD2 high- and low-expression groups, as determined by 
gene expression RNA-seq-HTSeq-Counts (|log fold change (logFC)| > 1.5, P < 0.05) (Figure 2A). The heatmap displays 
the top five upregulated and top five downregulated DEGs between the high- and low-expression groups of TSTD2 
(Figure 2B).

Functional Enrichment Analysis of DEGs
To gain a deeper comprehension of the functional implications of 408 DEGs between high and low expression of TSTD2 
in KIRC, we utilized the clusterProfiler program to conduct GO and KEGG functional enrichment analysis 
(Supplementary Table 1, Figure 3). The biological processes (BP), cellular components (CC), including the acute 
inflammatory response, protein activation cascade, and blood microparticle, as well as molecular functions (MF), such 
as serine hydrolase activity, serine-type endopeptidase activity, and enzyme inhibitor activity, were all related to the 
growth and metastasis of tumors. Furthermore, complement and coagulation cascades were all identified in KEGG.

GSEA was performed to acquire a better understanding of the biological pathways involved in KIRC with varying 
amounts of TSTD2 expression. By contrasting datasets with low- and high-TSTD2 expression, GSEA was utilized to 
pinpoint significant signaling pathways connected to TSTD2. The enrichment of these routes in the MSigDB Collection 
(C2.all.v7.0.symbols.gmt) showed significant variations (Supplementary Table 2 and Figure 4) (FDR 0.05, ADJ P 0.05). 
In the low expression of TSTD2 phenotypes, the transport of small molecules was greatly enhanced (Figure 4A). The 
high expression of TSTD2 in KIRC phenotypes was significantly enriched by elements such as the integrin pathway, 
elastic fiber production, and spinal cord damage (Figure 4B–L).

Immune Infiltration Analysis in TSTD2
The level of TSTD2 expression within the microenvironment of KIRC was found to be correlated with the level of 
immune cell infiltration, as determined by SSGSEA through Spearman correlation analysis. In particular, diminished 
TSTD2 expression was significantly associated with the presence of NK CD56bright cells (Figure 5).

PPI Enrichment Analysis in TSTD2
The network of TSTD2 and its associated coexpressed genes in TSTD2-related DEGs was constructed using STRING, 
employing a threshold of 0.4 (Supplementary Table 3). A total of 408 DEGs were identified based on a threshold of |log 
fold change (logFC)| >1.5 and P < 0.05. The PPI network was visualized using Cytoscape-MCODE, which revealed 86 
nodes and 241 edges (Figure 6). Additionally, Metascape-MCODE was utilized to identify highly connected PPI network 

Figure 2 A total of 408 DEGs were identified as being statistically significant between TSTD2 high-expressed and low-expressed groups. (A) Volcano plot of differentially 
expressed genes, including 111 up-regulated and 297 down-regulated genes. Normalized expression levels were shown in descending order from green to red. (B) Heat map 
of the 10 differentially expressed RNAs, including 5 up-regulated genes and 5 down-regulated genes. The X-axis represents the samples, while the Y-axis denotes the 
differentially expressed RNAs. Green and red tones represented down-regulated and up-regulated genes, respectively. *P < 0.05; **P < 0.01; ***P < 0.001.
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components of TSTD2 (Supplementary Figure 1). The functional descriptions of the respective components were 
determined based on the three best-scoring GO keywords by p value, which are presented in Supplementary Table 4.

Association Between TSTD2 Expression and Clinical Features
The primary clinical characteristics of KIRC in TCGA are delineated in Table 1. In total, 539 patients were enrolled in 
this investigation, with an average age of 60.5 years, comprising 186 females and 353 males. TSTD2 expression was low 
in 269 (49.9%) of KIRC patients and high in 270 (50.1%). Notably, overall survival (OS), disease-free survival (DSS), 
and progression-free survival (PFS) were all significantly associated with TSTD2 expression (P< 0.001). Moreover, 
TSTD2 expression was strongly linked with sex (P< 0.001), T stage (P = 0.002), M stage (P = 0.016), pathologic stage (P 
= 0.002), histologic grade (P = 0.001), and age (P = 0.028).

Figure 3 GO/KEGG enrichment analysis of DEGs between high- and low- TSTD2 expression in TCGA-KIRC patients. (A) Enriched GO terms in the “biological process” 
category. (B) Enriched GO terms in the “molecular function” category. (C) Enriched GO terms in the “cellular component” category. (D) KEGG pathway annotations. The 
X-axis represented the proportion of DEGs, and the Y-axis represented different categories. The different colors indicate different properties, and the different sizes 
represent the number of DEGs.
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Utilizing logistic regression analysis, the connection between KIRC clinicopathological characteristics and the 
TSTD2 high-low dichotomy was verified. The findings revealed that high TSTD2 expression exhibited a noteworthy 
inverse correlation with high T stage (odds ratio [OR], 0.420; P < 0.001), high M stage (OR, 0.595; P = 0.038), high 
pathologic stage (OR, 0.442; P < 0.001), and high histologic grade (OR, 0.272; P = 0.047) (Table 2). Additionally, the 
potential significance of TSTD2 in distinguishing KIRC patients from healthy individuals was evaluated using ROC 
curve analysis, with an AUC of 0.760 indicating its potential as a biomarker (Figure 7A). Furthermore, the Wilcoxon 
rank sum test was utilized to assess the expression of TSTD2 in patients with diverse clinicopathological characteristics. 
The outcomes indicated that TSTD2 was significantly expressed at low levels in patients with high TNM stage (P < 
0.05), high pathologic stage (P < 0.05), high histologic grade (P < 0.05), male gender (P < 0.05), OS event (death; P < 
0.001), DSS event (death; P < 0.001), and PFS event (death; P < 0.001) (Figure 7B–J).

Figure 4 Enrichment plots from the gene set enrichment analysis (GSEA). (A–L) ES, enrichment score; NES, normalized ES; ADJ P-val, adjusted P-value.
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Low TSTD2 Impacted the Prognosis of KIRC in Patients with Different 
Clinicopathological Statuses
Using the Kaplan-Meier technique, the relationship between TSTD2 expression and prognosis was investigated in KIRC 
patients. Those with low TSTD2 expression exhibited a significantly worse prognosis than those with high TSTD2 
expression, as demonstrated in Figure 8A (hazard ratio [HR], 0.61 (0.45−0.84); P = 0.002). Kaplan‒Meier analysis 
revealed that low TSTD2 expression correlated with poor prognosis in the T stage T1 (P = 0.038), T stage T3 (P = 0.028), 
M stage M0 (P = 0.011), age>60 (P = 0.017), and histologic grade G3 (P = 0.007) subgroups (Figure 8B–F).

Subsequently, univariate Cox proportional hazards regression was employed to assess the factors affecting OS. 
This analysis showed that TSTD2 (low vs high, P = 0.002) was a predictive factor for worse OS, as were age (>60 
vs ≤60, P < 0.001), T stage (T2&T3&T4 vs T1, P < 0.001), N stage (N1 vs N0, P < 0.001), M stage (M1 vs M0, 
P < 0.001), pathologic stage (Stage II&Stage III&Stage IV vs Stage I, P < 0.001), and primary therapy outcome 

Figure 5 The expression of TSTD2 was associated with immune infiltration in the KIRC microenvironment. (A) The forest plots showed a positive correlation between 
TSTD2 and 13 immune cells, and a negative correlation between TSTD2 and 11 immune cell subsets. The size of dots showed the absolute value of Spearman r. (B) 
Correlation between the relative enrichment score of T helper cells and the expression level (TPM) of TSTD2. (C) Infiltration of T helper cells between low- and high- 
TSTD2 expressed. ***P < 0.001.
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(progressive disease and stable disease and partial response vs complete response, P = 0.002) (Table 3). Multivariate 
Cox regression analysis indicated that age > 60 (P < 0.001) and low expression of TSTD2 (P = 0.015) were 
independent prognostic factors for worse OS.

Figure 6 The PPI network of TSTD2-related DEGs and the most significant module.

Table 1 Association Between TSTD2 Expression and Clinicopathologic Features in KIRC 
Samples from the TCGA Database

Characteristic Low Expression of TSTD2 High Expression of TSTD2 p

n 269 270

Gender, n (%) < 0.001
Female 74 (13.7%) 112 (20.8%)

Male 195 (36.2%) 158 (29.3%)

Age, n (%) 0.064
<=60 123 (22.8%) 146 (27.1%)

>60 146 (27.1%) 124 (23%)

T stage, n (%) 0.002
T1 117 (21.7%) 161 (29.9%)

T2 41 (7.6%) 30 (5.6%)

(Continued)
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Prognostic Model of TSTD2 in KIRC
According to the results of Cox regression analysis, a nomogram was created using the RMS R program to more 
precisely forecast the prognosis of KIRC patients (Figure 9). The model consisted of five autonomous prognostic factor 
variables, namely age, T stage, N stage, M stage, and TSTD2 expression. A scoring system was applied to assign scores 
to these factors based on multivariate Cox analysis. The scores of the variables were determined by drawing a vertical 
line, and the sum of the scores allocated to each variable was recalibrated to a range of 0–100. The total scores were 

Table 1 (Continued). 

Characteristic Low Expression of TSTD2 High Expression of TSTD2 p

T3 106 (19.7%) 73 (13.5%)

T4 5 (0.9%) 6 (1.1%)
N stage, n (%) 0.109

N0 108 (42%) 133 (51.8%)

N1 11 (4.3%) 5 (1.9%)
M stage, n (%) 0.016

M0 202 (39.9%) 226 (44.7%)

M1 49 (9.7%) 29 (5.7%)
Pathologic stage, n (%) 0.002

Stage I 115 (21.5%) 157 (29.3%)

Stage II 31 (5.8%) 28 (5.2%)
Stage III 68 (12.7%) 55 (10.3%)

Stage IV 53 (9.9%) 29 (5.4%)

Histologic grade, n (%) 0.001
G1 3 (0.6%) 11 (2.1%)

G2 103 (19.4%) 132 (24.9%)

G3 112 (21.1%) 95 (17.9%)
G4 48 (9%) 27 (5.1%)

OS event, n (%) < 0.001
Alive 163 (30.2%) 203 (37.7%)

Dead 106 (19.7%) 67 (12.4%)

DSS event, n (%) < 0.001
Alive 191 (36.2%) 229 (43.4%)

Dead 72 (13.6%) 36 (6.8%)

PFS event, n (%) < 0.001
Alive 164 (30.4%) 214 (39.7%)

Dead 105 (19.5%) 56 (10.4%)

Age, median (IQR) 62 (54, 70) 59 (50.25, 69) 0.028

Table 2 The Relationship Between the Clinicopathological Factors of KIRC and TSTD2 
Expression by Using Logistic Analysis

Characteristics Total (N) Odds Ratio (OR) P value

T stage (T2&T3&T4 vs T1) 539 0.420 (0.297–0.592) <0.001
N stage (N1 vs N0) 257 0.585 (0.194–1.627) 0.314

M stage (M1 vs M0) 506 0.595 (0.361–0.969) 0.038

Pathologic stage (Stage II&Stage III&Stage IV vs Stage I) 536 0.442 (0.312–0.623) <0.001
Histologic grade (G2&G3&G4 vs G1) 531 0.272 (0.061–0.882) 0.047

Gender (Male vs Female) 539 0.882 (0.618–1.258) 0.488

Age (>60 vs <=60) 539 0.935 (0.667–1.311) 0.698
Primary therapy outcome (CR vs PD&SD&PR) 147 2.069 (0.780–5.879) 0.152
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Figure 7 Association between TSTD2 expression and clinical features and prognosis. (A) The diagnostic efficacy of TSTD2 in KIRC analyzed by ROC. (B–J) Association 
between TSTD2 expression and T stage, N stage, M stage, Pathologic stage, Histologic grade, Gender, OS event, DSS event, and PFI event analyzed by using Wilcoxon Rank 
SUM test. *P < 0.05; **P < 0.01; ***P < 0.001.

Figure 8 Low expression of TSTD2 was associated with poor OS in KIRC patients. (A) Kaplan-Meier curves in all KIRC patients, (B–F) Kaplan-Meier curves in KIRC 
patients with T stage: T1, T stage: T3, M stage: M0, Age: >60 and Histologic grade: G3.
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determined by adding up the scores from each variable. A line was then drawn from the total score axis vertically 
downwards to the outcome axis in order to evaluate the likelihood of KIRC patient survival at one, three, and five years.

Low Expression of TSTD2 in KIRC Tissues and Cell Lines
We collected 36 pairs of tumor tissues and adjacent tissues from KIRC patients for qRT‒PCR verification. The results 
showed that the mRNA expression level of TSTD2 in tumor tissues was significantly lower (Figure 10A). We also 
verified this finding in renal cancer cell lines. The results showed that compared with HK-2, TSTD2 mRNA was highly 
expressed in all renal cancer cell lines (Figure 10B: 786-O, P < 0.01; 769-P, P < 0.01; ACHN, P < 0.01; Caki-2, P < 0.01; 
A498, P < 0.01). The primer sequences utilized are presented in Table 4.

Protein Expression of TSTD2 in KIRC Tissue Samples
In order to authenticate the differential expression of TSTD2 at the protein level, immunohistochemical labeling was 
executed on KIRC tissues and their corresponding normal tissues. As illustrated in Figure 11, the stained regions were 
predominantly located within the cell cytoplasm, and the expression of TSTD2 was visibly reduced in KIRC tissues 
when compared to their normal tissue counterparts.

Discussion
TSTD2 belongs to the TSTD gene family, and it is speculated that this gene encodes a thiosulfate sulfotransferase involved in 
the regulation of sulfur compound transfer between cells. Its potential involvement in protein persulfation suggests 

Table 3 Univariate and Multivariate Cox’s Regression Analysis of Factors Associated with OS in KIRC

Characteristics Total (N) Univariate Analysis Multivariate Analysis

Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value

Age 539

<=60 269 Reference
>60 270 1.765 (1.298–2.398) <0.001 0.860 (0.531–1.425) <0.001

T stage 539

T1 278 Reference
T2&T3&T4 261 2.917 (2.095–4.061) <0.001

N stage 257

N0 241 Reference
N1 16 3.453 (1.832–6.508) <0.001

M stage 506

M0 428 Reference
M1 78 4.389 (3.212–5.999) <0.001

Gender 539

Male 353 Reference
Female 186 1.075 (0.788–1.465) 0.648

Pathologic stage 536

Stage I 272 Reference
Stage II&Stage III&Stage IV 264 3.299 (2.342–4.648) <0.001

Primary therapy outcome 147

PD&SD&PR 19 Reference
CR 128 0.156 (0.049–0.495) 0.002

Race 532

White 467 Reference
Asian&Black or African American 65 0.818 (0.454–1.474) 0.505

TSTD2 539
Low 269 Reference

High 270 0.615 (0.452–0.836) 0.002 1.023 (0.624–1.423) 0.015
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a significant role in cellular processes.21,22 Its placement within a transcriptional regulatory region portends its potential to 
exert an impact on gene expression. Therefore, deregulated enzyme activity may lead to the abnormal transfer of sulfur 
compounds between cells,22,23 potentially associated with multiple tumorigenesis. Currently, there exist limited research 

Figure 9 Nomogram for predicting the probability of 1-, 3-, 5-year OS for KIRC.

Figure 10 The mRNA expression levels of TSTD2 in KIRC tissues and cell lines. (A) The mRNA expression levels of TSTD2 in KIRC tissues (T = 33, N = 33). (B) The 
mRNA expression levels of TSTD2 in KIRC cell lines. **P < 0.01, ***P < 0.001. 
Abbreviation: ccRCC, clear cell renal cell carcinoma.
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endeavors pertaining to TSTD2, and no clinical trials have been conducted to directly investigate its role in malignancies. 
Consequently, the expression of TSTD2 in KIRC, as well as its prognostic significance, remains enigmatic.

From the PPI network of TSTD2 and its co-expression gene map in TSTD2-related DEGs, it is evident that TSTD2 
expression is closely linked to numerous proteins, particularly GLT8D2 and SMG7. GLT8D2 is an acyltransferase that 
participates in regulating the synthesis and release of neurotransmitters. Recent studies have shown that overexpression of 
GLT8D2 in ovarian cancer contributes to cisplatin resistance by activating the FGFR/PI3K/AKT signaling pathway.24 

Additionally, high expression of GLT8D2 in tumor cells may be associated with proliferation, invasion, and metastasis.25,26 

SMG7 is an RNA degradation factor that participates in the process of mRNA decay. Recent studies have shown that SMG7 
plays an important role in the occurrence and development of tumors. It has been found to promote the proliferation and 
invasion of tumor cells. Researchers have found that the expression level of SMG7 is significantly increased in various tumors, 
such as lung cancer, breast cancer, and colon cancer, furthermore, SMG7 can promote the proliferation and invasion of tumor 
cells through various pathways, including regulating the Wnt/β-catenin and AKT signaling pathways.27–29

In this investigation, we utilized TCGA data and various online analysis tools to elucidate the function of TSTD2 in KIRC. 
Subsequently, through simultaneous qPCR and immunohistochemical validation, we discovered that TSTD2 was down-
regulated in cancerous tissues when compared to adjacent normal tissues at both the transcriptional and translational levels. 
GSEA gene enrichment analysis revealed that high TSTD2 expression in KIRC was associated with the integrin pathway, 
elastic fiber formation, collagen biosynthesis and modifying enzymes, and spinal cord injury. Based on the results of the 
Kaplan-Meier analysis, reduced TSTD2 expression was linked to an unfavorable prognosis and poor survival. Furthermore, 
multivariate Cox regression analysis identified high TSTD2 expression as an additional independent prognostic factor, in 
addition to age (> 60 years). By constructing a nomogram prediction model, we further demonstrated the predictive effect of 
TSTD2 expression for prognosis. Therefore, TSTD2 may represent a novel risk factor for poor prognosis in KIRC patients.

More significantly, it has been determined that the mRNA expression of distinct T stages, with or without lymph node 
metastasis, with or without distant metastasis, different pathologic stages, and histological grades of TSTD2, exhibit marked 
differences amongst KIRC patients. Logistic regression analysis also indicates that TSTD2 mRNA expression is linked to the 
aforementioned characteristic manifestations of patients. As there is currently no universally recognized prognostic biomarker 
for KIRC, TSTD2 presents itself as a potentially valuable KIRC prognostic marker. Recent investigations have also identified 
additional prognostic factors that impact KIRC, such as androgen receptor (AR) and miR-106b-5p.30 Combining TSTD2 with 
these factors may offer a more precise prognostic forecast for Renal Cell Carcinoma (KIRC). Collectively, TSTD2 could 
potentially serve as a crucial player in the pathogenesis and advancement of KIRC.

Table 4 Sequence of Gene-Specific Primers for qPCR

Gene Forward Sequence (5′- 3′) Reverse Sequence (5′- 3′)

TSTD2 GGTTCAGCCTACCTCAAAGCCA CTGTTGTAGGACAGAGCATAGCG
GAPDH GTCTCCTCTGACTTCAACAGCG ACCACCCTGTTGCTGTAGCCAA

Figure 11 TSTD2 expression in cancer and adjacent tissues by Immunohistochemical staining: (A) high expression of TSTD2 protein (×200) in para-cancer tissue; (B) low 
expression of TSTD2 protein (×200) in cancer tissue.
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Furthermore, GSEA has uncovered a potential regulatory pathway involving TSTD2 in the advancement and 
progression of KIRC, and has established a negative correlation between TSTD2 expression and the upregulation of 
the integrin signaling pathway. Integrins are pivotal in regulating cellular adhesion to both other cells and the 
extracellular matrix, and thus play a crucial role in tumor metastasis and progression. Studies have demonstrated that 
α2β1 integrin can suppress the metastasis of clinically relevant spontaneous breast cancer, and that α2 expression can 
serve as a critical biomarker for assessing both metastatic potential and patient survival in breast cancer.31 Integrins, as 
essential mediators of cell adhesion behavior, play a critical role in tumor formation and metastasis and have emerged as 
promising therapeutic targets.32–35 Studies in a large number of in vitro and in vivo orthotopic or xenograft models have 
shown that β1 integrins mediate gastric, ovarian and lung cancer resistance and stimulate metastasis.36,37 Using cell lines 
in vivo or in vitro, it was shown that α2β1 integrins may help promote metastasis in different organs.38–40 It has been 
discovered that TSTD2 is intricately linked to this particular biological pathway and may play a significant role in the 
tumorigenesis and metastasis of KIRC. Naturally, additional experimental research is requisite to authenticate the precise 
mechanism by which TSTD2 contributes to the evolution and advancement of KIRC.

In the examination of immune cell infiltration, the manifestation of TSTD2 exhibited a strong correlation with 
T helper cells (CD4+ T cells). Human CD4+ T cells are indispensable constituents of the immune system. CD4+ 
T lymphocytes are dichotomized into various subsets, including Th1, Th2, Th17, follicular helper T cells, regulatory 
T cells (Tregs), and other discernible categories.41–45 Th cells play different roles in the progression of various tumors, 
mainly by producing various cytokines.46 As an illustration, Th1 cells are capable of synthesizing IL-2 and INF γ, and 
have been demonstrated to exert a pivotal function in the initiation and endurance of antitumor CD8 T cells, thereby 
substantiating the theoretical foundation for the employment of interleukins in the management of neoplastic diseases.47– 

49 The cytokine IL-21 also exerts its antitumor effects by stimulating two antitumor immune populations, NK cells and 
cytotoxic T lymphocytes.50 In this study, a positive correlation was observed between the infiltration of T helper cells and 
the expression of TSTD2. Upon conducting Kaplan‒Meier survival analysis, it was revealed that high TSTD2 expression 
was significantly associated with a favorable prognosis in KIRC patients. Nevertheless, the connection between T helper 
cells and KIRC necessitates further inquiry. Therefore, in light of our discoveries and the aforementioned research 
reports, the association between TSTD2 and T helper cells warrants further exploration.

Based on the nomogram model analysis, the 1-, 3-, and 5-year OS probabilities of patients with KIRC were found to 
be significantly associated with age, TNM stage, and TSTD2 expression. With this in mind, our model has the potential 
to offer personalized scores for each individual KIRC patient.

However, the current study is limited by its sample size. To ensure the validity and representativeness of our findings 
and hypotheses, future research should aim to increase the sample size. Clinical specimens will be instrumental in 
confirming the prognostic predictive function of TSTD2 mRNA and protein in KIRC. Moreover, experimental validation 
is necessary to investigate the regulatory relationships between TSTD2 and the pathways identified by GSEA.

Conclusion
The downregulation of TSTD2 may serve as a biomarker for unfavorable outcomes in KIRC, indicating its potential role 
in the development and progression of the disease. Moreover, TSTD2 could potentially be targeted for therapeutic 
intervention. As such, it is imperative to further investigate the mechanistic involvement of TSTD2 in KIRC 
pathogenesis.
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