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A B S T R A C T   

Background: PTTG1 has been reported to be linked with the prognosis and progression of various 
cancers, including kidney renal clear cell carcinoma (KIRC). In this article, we mainly investigated 
the associations between prognosis, immunity, and PTTG1 in KIRC patients. 
Method: We downloaded transcriptome data from the TCGA-KIRC database. PCR and immuno-
histochemistry were used, respectively, to validate the expression of PTTG1 in KIRC at the cell 
line and the protein levels. Survival analyses as well as univariate or multivariate Cox hazard 
regression analyses were used to prove whether PTTG1 alone could affect the prognosis of KIRC. 
The most important point was to study the relationship between PTTG1 and immunity. 
Results: The results of the paper revealed that the expression levels of PTTG1 were elevated in 
KIRC compared with para-cancerous normal tissues, validated by PCR and immunohistochemistry 
at the cell line and the protein levels (P < 0.05). High PTTG1 expression was related to shorter 
overall survival (OS) in patients with KIRC (P < 0.05). Through univariate or multivariate 
regression analysis, PTTG1 was confirmed to be an independent prognostic factor for OS of KIRC 
(P < 0.05), and its related seven pathways were obtained through gene set enrichment analysis 
(GSEA; P < 0.05). Moreover, tumor mutational burden (TMB) and immunity were found to be 
significantly connected with PTTG1 in KIRC (P < 0.05). Correlations between PTTG1 and 
immunotherapy responses implied that the low-PTTG1 group was more sensitive to immuno-
therapy (P < 0.05). 
Conclusions: PTTG1 was closely associated with TMB or immunity, and it had a superior ability to 
forecast the prognosis of KIRC patients.   

1. Introduction 

Renal carcinoma is a common malignant neoplasm of the urinary system, and the United States is projected to have 79,000 new 
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cases and 13,920 deaths in 2022 [1]. The most common pathologic form of renal cell carcinoma (RCC) was kidney renal clear cell 
carcinoma (KIRC), which made up about 75% of all RCC [2]. KIRC was not sensitive to traditional radiotherapy or chemotherapy, and 
the cost of targeted therapy was expensive. Currently, the mainstay of therapy for RCC was still surgery [3]. Laparoscopic radical 
nephrectomy had been widely accepted by a growing number of patients and medical workers. However, patients with KIRC often 
lacked specific clinical manifestations in the early stages. By the time they were diagnosed, nearly one-third of patients had distant 
metastases, so they had missed the best time for treating [4]. In addition to surgical treatment, immunotherapy also had gained a lot of 
attentions. However, its effectiveness was still unsatisfactory. Therefore, in order to improve the prognosis of KIRC, looking for a 
meaningful biomarker was an urgent priority. 

Pituitary tumor-transforming 1 (PTTG1), as a member of the PTTG family, took part in the regulation of sister chromatid separation 
[5,6], and it was a pituitary-derived transformation gene isolated from rat pituitary tumor cells [7]. Elevated PTTG1 expression could 
interfere with sister chromatid separation during mitosis, which might be a key factor in cancer [8]. A large amount of researches had 
confirmed that PTTG1 was an oncogenic gene and was highly expressed in various tumor tissues, including RCC, liver, prostate, and 
colorectal cancers [9–11]. As reported, PTTG1 could take part in organ development, cell proliferation, and apoptosis, being confirmed 
as an important gene related to tumor metastasis [12–15]. So far, PTTG1 has been studied in many tumors, including KIRC. However, 
its associated roles and their relationships with immunity had not been fully elucidated. In this article, PTTG1 was selected through 
TCGA database mining, and the intention of the paper was to study the prognostic role of PTTG1 as well as its relationships with 
immunity in KIRC, offering a novel solution for the treatment of these patients in the future. 

2. Method and materials 

2.1. Acquisition of data 

The TCGA-KIRC dataset (http://cancergenome.nih.gov/), including 539 KIRC tissues and 72 normal renal tissues, was searched for 
the PTTG1 transcriptome profile matrix and corresponding clinical information. The above data was standardized with the help of R 
software (https://www.r-project.org/). Differently expressed genes (DEG) were screened out by the usage of ‘limma’ package among 
KIRC and adjacent tissues, with |log2 fold change (FC)|≥1 and adjusted p values < 0.05. 

2.2. Isolation of RNA, quantitative real-time PCR 

HK-2, 786-O, and CAKI-1 cells, purchased from the Shanghai Institute for Biological Sciences, were employed to verify the 
expression of PTTG1 by PCR. HK-2, 786-O, and CAKI-1 cells were all incubated in a constant temperature incubator at 37 ◦C with 5% 
CO2. Among them, HK-2 was cultured on DMEM/F12 containing 10% FBS (Gibcol, from Life Technologies™) and 1% penicillin- 
streptomycin solution. 786-O was cultured on RPMI 1640 medium containing 10% FBS and 1% penicillin-streptomycin solution. 
CAKI-1 was incubated with McCoy’s 5 A supplemented with 10% FBS and 1% penicillin-streptomycin solution. We use Trizol reagent 
to extract RNA from these three types of cells, as directed by the manufacturer. Then, cDNA was obtained by using Fermentas reverse 
transcription kit. qRT-PCR was carried out with SYBR green reagent, and the expression of PTTG1 in renal carcinoma cells was 
quantified by the 2− ΔΔCT method. At the same time, GAPDH was used as an internal reference gene. The relevant primers utilized for 
PCR were detailed as follows: PTTG1: F: 5’- TCAGATGACGCCTATCCAG - 3’; R: 5’ - GGCACTCCACTCAAGGG - 3’. GAPDH: F: 5’- 
CAGGAGGCATTGCTGATGAT -3’; R: 5’- GAAGGCTGGGGCTCATTT - 3’. 

2.3. Immunohistochemistry staining (IHC) 

Immunohistochemistry staining was conducted as previously reported [16]. 10 pairs of KIRC tissue and its adjacent tissues samples 
were collected from the Affiliated Hospital of Nantong University. The tissue was first embedded in paraffin wax and then cut into 4 μm 
slices, followed by dewaxing and hydration. After sufficient washing with PBS, thermal antigen repair was performed with the citric 
acid antigen repair solution. The endogenous peroxidase activity was inactivated by incubation with 3% hydrogen peroxide for 20 min 
at room temperature and then closed with 3% BSA for 20 min at room temperature. The PTTG1 antibody (orb374037, Biorbyt) was 
used to incubate tissue section. Next, primary antibodies were added and the sections were incubated flat in a wet box at 4 ◦C in the 
refrigerator overnight. The dilution ratio of the primary antibody was 1:200. The next day, the sections were removed and then 
covered with secondary antibody dropwise and incubated for 30 min at room temperature. After shaking dry, DAB chromogenic 
solution was added dropwise and observed under the microscope for 5 min, and the color development time was controlled. Then the 
sections were restained in hematoxylin for 2 min and then fractionated with 1% hydrochloric acid ethanol for 10 s. Finally, the slices 
were dehydrated, dried, sealed with drops of neutral gum, and photographed under the microscope. We interpreted the immuno-
histochemical results according to the literature [17]. The number of positive cells was calculated as follows: 0 was 0, ≤ 25% was 1, 
26%–50% was 2, and 51% or more was 3. Staining intensity was calculated as follows: 0 points if no coloring or coloring was not 
obvious, 1, 2 and 3 points if the color was yellow, brown and tawny, respectively. The scores of positive cells and staining intensity 
were multiplied, and the results were regarded as high expression if the score was >3 and low expression if the score was ≤3. The study 
was approved by the Institutional Research Ethics Committees of Affiliated Hospital of Nantong University. 
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2.4. Survival analysis and clinical correlation analysis 

With the median of PTTG1 gene expression in the sample as the boundary, PTTG1 was divided into a high expression group and a 
low expression group. The Kaplan-Meier survival curve was employed to analyze the correlation between PTTG1 and the OS in KIRC 
patients. Univariate or multivariate Cox hazard regression analyses were used to prove whether PTTG1 alone could affect the prognosis 
of KIRC. 

2.5. Gene set enrichment analysis (GSEA) 

GSEA, as a computational method, could enrich genes in certain signaling pathways [18]. According to the expression level of 
PTTG1, they were divided into two groups: high and low expression groups. GSEA analysis was conducted to obtain the signaling 
pathways enriched by the high and low groups of PTTG1, with 1000 permutations. Pathways were screened by FDR q-value, nominal 

Fig. 1. The expression level of PTTG1 in KIRC from TCGA database. a The expression level of PTTG1 in different cancers. B Pairwise boxplot of 
PTTG1 expression between the KIRC and normal tissues in TCGA dataset (T = 72, N = 72). c Boxplot of PTTG1expression between KIRC and normal 
tissues in TCGA database (T = 539, N = 72). d ROC curve of PTTG1. e K–M survival analysis of PTTG1. f The PCR results of PTTG1 expression in 
normal renal tubular epithelial cells and KIRC cells. *P < 0.05; **P < 0.01; ***P < 0.001. 
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p-value, and normalized enrichment score (NES). When the nominal p value is less than 0.05, it was considered meaningful [18]. 

2.6. Protein–protein interaction (PPI) network analysis, microsatellite instability (MSI), tumor mutational burden (TMB) and neoantigen 

We applied PPI to analyze the correlations among PTTG1 and other proteins through STRING website (https://string-db.org/). 
Using Spearman’s method, we investigated the relationships between PTTG1 and MSI, TMB, and neoantigen [19,20]. The above 
analyses were conducted using the Sangerbox tools (http://www.sangerbox.com/tool). 

2.7. Correlation of PTTG1 expression with immune checkpoint molecules, immune infiltrations, immune cells pathway and tumor 
microenvironment 

With the assistance of the estimate algorithm in the R package, we obtained the Immune, Stromal and ESTIMATEScore from the 
PTTG1 expression matrix, with the threshold of p < 0.01 [21]. The immune infiltration in KIRC was estimated by applying CIBER-
SORT, with the threshold of p < 0.01 [22]. Using Spearman’s method, we investigated the relationships between PTTG1 and immune 
checkpoint molecules, immune cells pathway. The above analyses were conducted using the Sangerbox tools (http://www.sangerbox. 
com/tool). 

2.8. Prediction of immunotherapy response 

TIDE (http://tide.dfci.harvard.edu/), as a computing architecture, could be used to simulate immune escape from tumors. So, we 
applied TIDE to predict the immunotherapy responses [23]. The Cancer Immunome Atlas (TCIA; https://tcia.at/) was a dataset of 20 
solid cancers with over 8000 tumor samples. The immunophenoscore (IPS) of KIRC was obtained by using TCIA, which was also used 
to predict immunotherapy responses [24]. 

3. Results 

3.1. The expression level of PTTG1 in KIRC 

We downloaded PTTG1 mRNA expression data of 539 KIRC samples and 72 para-cancerous renal samples from the TCGA-KIRC 
database. By comparison, we discovered that the expression of PTTG1 in KIRC was remarkably up-regulated compared to that in 
non-cancerous tissues, which implied that PTTG1 might be an oncogenic gene (Fig. 1A, p < 0.05). Pairwise boxplot of 72 KIRC samples 
and 72 para-cancerous renal samples demonstrated that PTTG1 was highly expressed in the majority of KIRC tissues (Fig. 1B, p <
0.05). Boxplot of 539 KIRC samples and 72 para-cancerous renal samples showed that PTTG1 had a higher expression in tumor tissues 
than that in normal tissues (Fig. 1C, p < 0.05). Moreover, the receiver operating characteristic (ROC) curve was utilized to analyze one- 
year, three-year, and five-year survival in patients with KIRC. The areas under the ROC curve (AUC) values were 0.654, 0.626, and 
0.640, indicating the low diagnostic performance (Fig. 1D). As was shown in Fig. 1E, the patients were divided into a low-PTTG1 group 
and a high-PTTG1 group, referring to the median mRNA expression level of PTTG1. Survival analysis showed that the low-PTTG1 
group had a better prognosis (p < 0.05). Moreover, PCR further confirmed the increased expression of PTTG1 in 786-O cell lines 
(Fig. 1F). Through the results, we concluded PTTG1 might play oncogenic roles in KIRC. 

Fig. 2. Immunohistochemistry staining of KIRC tissues. a-h The results of immunohistochemistry staining indicated that PTTG1 was highly 
expressed in KIRC tissues. 
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3.2. Immunohistochemistry staining and relationship between PTTG1 and clinical clinicopathologic factors 

We verified the expression of PTTG1 at the protein level by using immunohistochemistry staining (Fig. 2A-2H). As displayed in 
Fig. S1, PTTG1 showed low, medium, and high protein expression levels in KIRC tissues, while showing negative expression in par-
aneoplastic tissues, indicating a higher expression in tumor tissues. As shown in Fig. 3A-3H, elevated PTTG1 expression was closely 
associated with gender, higher grade, M stage, T stage, and N stage (p < 0.05). Meanwhile, PTTG1 showed a significant difference 
between the white and African races (p < 0.05; Fig. 3F). In contrast, the relationship between PTTG1 and age was not statistically 
significant (Fig. 3A). 

3.3. Univariate/multivariate cox hazard regression analysis 

Univariate or multivariate Cox hazard regression analyses were used to prove whether PTTG1 alone could affect the OS prognosis 
of KIRC (Fig. 4 and Table 1). Based on the univariate regression analysis, age, grade, stage, T, M, and PTTG1 expression were closely 
associated with the OS prognosis of KIRC (Fig. 4A). Meanwhile, multivariate regression analysis showed that age, grade, stage, and 
PTTG1 expression were independent prognostic factors of KIRC (Fig. 4B). Combined with the above results, we drew the conclusion 
that PTTG1 alone could affect the OS prognosis of KIRC. 

3.4. Identification of PTTG1-related signaling pathways by GSEA 

GSEA was used to look for significant enrichment pathways in either the high- or low-expression type of PTTG1. As displayed in 
Fig. 5A-5H and Table 2, the high expression type was closely related to two signaling pathways, including cell cycle pathway and p53 
signaling pathway. The low expression type was closely related to five signaling pathways, containing Erbb pathway, Gnrh pathway, 
Insulin pathway, mTOR pathway, and TGF Beta pathway. All in all, PTTG1-related pathways in KIRC were revealed by us. 

3.5. Construction of PPI and correlations between PTTG1 expression and MSI, TMB, neoantigen 

We applied PPI to study the interactions between PTTG1 and other proteins through the STRING website. As displayed in Fig. 6A, 
PTTG1 was closely related to the following ten proteins (PLK1, ANAPC11, ESPL1, CDKI, UBE2C, AURKB, ANAPC2, AURKA, CDC20, 
and FZR1). In order to investigate the associations between PTTG1 and MSI, TMB, neoantigens, we conducted the correlation analysis. 
As displayed in Fig. 6B and C, PTTG1 was not related to MSI and neoantigen (p = 0.18, p = 0.77). However, PTTG1 was significantly 
relevant to TMB (p = 0.014, Fig. 6D). 

3.6. Correlations between PTTG1 and tumor microenvironment, tumor immune infiltration, immune cells pathway, immune checkpoint 
molecules 

In terms of immune checkpoint molecules, there were 31 molecules significantly linked to PTTG1, including LAG3, CD274, PDCD1, 
etc (Fig. 7A, all p < 0.05). Moreover, PTTG1 was markedly associated with immune cells including activated CD4 T cell, MDSC, Type 2 

Fig. 3. The relationships between the expression level of PTTG1 and clinicopathologic characteristics. a Age. B Gender. c Grade. d M. e N. f Race. g 
Stage. h T. 
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T helper cell, and so on (Fig. 7B). In order to further investigate the association between PTTG1 and immunity, we performed the tumor 
microenvironment and tumor immune infiltration analyses. In the aspect of tumor immune infiltration, PTTG1 was closely connected 
with B cell, CD8+ T cell, neutrophil, and dendritic cell infiltration (Fig. 7C, p < 0.01). As for the tumor microenvironment, Immu-
neScore, ESTIMATEScore, and StromalScore were all strongly linked to PTTG1 (Fig. 7D, all p < 0.01). The above results all indicated 
that PTTG1 had a close relationship with immunity. 

3.7. Prediction of immunotherapy response 

We applied TIDE and TCIA algorithms to explore the relationships between PTTG1 and the immunotherapy responses. As displayed 
in Fig. 8A-B, we explored the relationships between IPS and PTTG1 expression. Obviously, there were differences in IPS scores of anti- 
CTLA-4 or anti-PD-1 treatment between high- and low-expression groups of PTTG1 (p < 0.05). As presented in Fig. 8C-D, KIRC patients 
with low expression of PTTG1 had less immune dysfunction and a greater response to immunotherapy. The above results indicated that 
the group with low PTTG1 expression was more sensitive to immune checkpoint inhibitors. Besides, the distributions of PTTG1 
expression in pan-cancer immune subtypes were also significantly different (Fig. 8E). 

4. Discussion 

PTTG1 was a cellular transforming factor with little or no expression in normal tissues [5]. However, aberrantly high PTTG1 
expression had been found in several malignancies, including adrenocortical carcinoma, prostate cancer, and oral squamous cell 
carcinoma, playing vital roles in tumor cell proliferation, invasion, and metastasis [25–27]. PTTG1 had been found to be involved in 
microtubule nucleation and cell polarity formation, and its knockdown could lead to severe polarity and motility defects in cells [28]. 
Emanuela et al. found that PTTG1 could promote the invasion of seminoma and predict the prognosis of seminoma [29]. Studies in 
KIRC proposed that PTTG1 might participate in the process of epithelial-mesenchymal transition through the AKT/MMP pathway 
[30]. Moreover, previous research also demonstrated that PTTG1 could affect the prognosis of KIRC [31]. Nevertheless, the rela-
tionship between PTTG1 and immunity remained unclear, which was the key content of this study. 

In this paper, bioinformatics analysis was used to gather data on KIRC from TCGA database. Through database information, we 
concluded that PTTG1 expression was up-regulated in KIRC. The high expression of PTTG1 in KIRC was further confirmed by 
immunohistochemistry and PCR. The survival analysis implied that elevated PTTG1 was closely connected to a poorer OS prognosis in 
patients with KIRC. Moreover, the PTTG1 expression was closely associated with gender, higher grade, M stage, T stage, and N stage. 
Univariate/multivariate regression analysis implied that PTTG1 was an independent prognostic factor for KIRC. Combining the above 
results, we came to the conclusion that PTTG1 could be a better predictor of KIRC. GSEA was applied to analyze PTTG1-related 
signaling pathways in KIRC, and we finally found seven signaling pathways, including cell cycle, Erbb, Gnrh, Insulin, mTOR, p53 

Fig. 4. PTTG1 could serve as an independent prognostic factor in KIRC. a Univariate Cox hazard regression analysis of clinicopathologic variables 
and PTTG1 in KIRC. b Multivariate Cox hazard regression analysis of clinicopathologic variables and PTTG1 in KIRC. 

Table 1 
Univariate and multivariate analyses of PTTG1 and clinicopathologic factors in KIRC.   

Univariate analysis Multivariate analysis 

Clinical characteristics HR HR.95 L HR.95H pvalue HR HR.95 L HR.95H pvalue 

age 1.033274 1.019678 1.047052 1.28E-06 1.03580842 1.02074701 1.05109206 2.51E-06 
gender 0.933298 0.679691 1.281529 0.669603 0.89843384 0.64579494 1.24990661 0.52491918 
race 1.193075 0.715959 1.988138 0.498058 1.17179724 0.67911878 2.02189779 0.56893102 
grade 1.966884 1.638835 2.360598 3.69E-13 1.37654845 1.10246962 1.7187645 0.0047856 
stage 1.855626 1.643637 2.094956 1.71E-23 1.77271054 1.26676129 2.48073784 0.00084045 
T 1.997582 1.689051 2.362469 6.29E-16 1.07185509 0.81340611 1.41242279 0.62207097 
M 2.099647 1.660681 2.654644 5.69E-10 0.79820147 0.43322866 1.47064506 0.46973755 
N 0.862971 0.73887 1.007916 0.062826 0.85616293 0.72858741 1.0060769 0.05924498 
PTTG1 1.061266 1.042659 1.080205 4.43E-11 1.0395034 1.01690132 1.06260784 0.0005518  
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and TGF beta signaling pathways. The above signaling pathways would be beneficial to illustrate the pathogenesis of KIRC. 
In addition, the associations among PTTG1 and MSI, TMB, and neoantigen were also analyzed. From the above results, we found 

that PTTG1 was positively correlated with TMB. However, no relationships were found between PTTG1 and MSI or neoantigens. TMB 
represented the number of mutations per megabyte in the gene region examined in a tumor sample [32]. TMB indirectly reflected the 
ability of tumors to produce neoantigens and predicted the effect of immunotherapy on different tumors [33–35]. Studies had shown 

Fig. 5. Gene set enrichment analysis (GSEA). a Cell cycle pathway. B Erbb signaling pathway. c Gnrh signaling pathway. d Insulin signaling 
pathway. e mTOR signaling pathway. f P53 signaling pathway. g TGF Beta signaling pathway. h seven PTTG1-related signaling pathways. 

Table 2 
Gene set enrichment analysis (GSEA) of PTTG1 in KIRC.  

GeneSet name NES Nominal p-value FDR q-value 

CELL_CYCLE 1.7488136 0.048484847 0.070737466 
ERBB_SIGNALING_PATHWAY − 1.920799 0.003976143 0.046424486 
GNRH_SIGNALING_PATHWAY − 1.957752 0.001919386 0.053977773 
INSULIN_SIGNALING_PATHWAY − 2.170076 0 0.025261166 
MTOR_SIGNALING_PATHWAY − 2.225056 0 0.028832098 
P53_SIGNALING_PATHWAY 1.7120552 0.02414487 0.08312161 
TGF_BETA_SIGNALING_PATHWAY − 2.058136 0 0.03348911  
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that higher TMB was associated with better OS and could have a better response to immune checkpoint inhibitors (ICIs) [36,37]. 
Moreover, TMB, PD-L1, and DNA mismatch repair defects could be used as biomarkers of ICIs [38–40]. Since PTTG1 was positively 
correlated with TMB, it remained to be discussed whether PTTG1 could be used as a biomarker to predict the ICIs’ responses. 

To investigate the relationship between PTTG1 and immunity, immune checkpoint molecules, immune cell pathways, tumor 
immune infiltration, and tumor microenvironment were applied. The term "tumor microenvironment" referred to the surrounding 
microenvironment, in which tumor cells existed, including surrounding blood vessels, immune cells, fibroblasts, and so on. The ex-
istence of tumor microenvironment could improve the proliferation and migration of tumor cells and their immune escape ability [41]. 
An increasing number of studies demonstrated that tumor microenvironment had a great impact on the development and treatment of 
KIRC [42]. In this paper, PTTG1 was significantly related to ImmuneScore, ESTIMATEScore and StromalScore. Furthermore, PTTG1 
had direct relevance to checkpoint molecules (PDCD1, CD274, CTLA4, and LAG3). Immune checkpoints were a kind of immuno-
suppressive molecule expressed on immune cells that was used to regulate immune activation. In this case, PD-1 (programmed cell 
death protein 1) was a typical example of an immune checkpoint. PD-1 inhibited the autoimmune response by binding PD-L1 or PD-L2 
and inhibiting the function of T lymphocytes. Both PD-1 and PD-L1 have been found to be expressed in tumor cells, and the 
PD-1/PD-L2 axis has been shown to inhibit tumor growth via the AKT and ERK1/2 pathways [43]. CTLA-4 acted as a transmembrane 
receptor on T cells that bound to receptors on the surface of antigen cells to terminate the immune response [44]. As to lymphocyte 
activation gene-3 (LAG3), it may be a better immunotherapy target than PD-1 or CTLA-4. Because the antibodies of PD-1 and CTLA-4 
could only activate effector T cells, but not inhibit the activity of regulatory T cells (Tregs) [45]. Given the relationships between 
PTTG1 and immune checkpoints, we could speculate on the expression of immune checkpoints in KIRC through the expression of 
PTTG1. 

Tumor genomic changes, PD-L1 expression, and immune microenvironment infiltration all had a significant impact on immuno-
therapy efficacy [46]. In recent years, the mechanism of tumor immunosuppression and escape mediated by immune checkpoints had 
become a hot spot in the research of immunotherapy for advanced tumors, such as CTLA-1, PD-1, and PD-L1 [47,48]. Due to the 
complexity and heterogeneity of KIRC, the effect of immunotherapy showed obvious individual differences, and patients have different 
degrees of drug resistance [49]. Therefore, it was of great clinical significance to determine biomarkers that could predict the ther-
apeutic effects. Current candidate predictive biomarkers include tumor antigens (MSI, TMB, neoantigen), inflammatory cells 
(tumor-infiltrating lymphocytes, genetic markers, tumor-associated immune cells expressing PD-L1 protein, etc.), tumor immuno-
suppressive cells or proteins (PD-L1, CTLA-4, regulatory T cells, bone marrow-derived suppressor cells), and host factors (microor-
ganisms, single nucleotide polymorphisms, etc.) [50]. Alborelli et al. mentioned that a tumor may respond better to immunotherapy if 

Fig. 6. Relationships between PTTG1 and PPI, MSI, TMB, Neoantigen in KIRC. a Protein–protein interaction (PPI) network. B Correlations between 
PTTG1 and MSI. c Correlations between PTTG1 and neoantigen. d Correlations between PTTG1 and TMB. 

X. Zhang et al.                                                                                                                                                                                                          



Heliyon 9 (2023) e13201

9

it presented a higher TMB and more neoantigens [51]. By sequencing exons and their matching normal DNA from two groups of 
non-small cell lung cancer patients treated with Pembrolizumab, the study by Rizvi et al. found that higher TMB in tumors was strongly 
associated with prolonged PFS in these patients [40]. It had been suggested that PTTG1 might be a potential predictor of ICB response 
in papillary renal cell carcinoma patients [52]. In this paper, we further explored the relationship between PTTG1 and the immu-
notherapy responses in KIRC. Aiming at PD-1 and CTLA-4, two popular targets of immunotherapy, IPS was used to compare the 
response of the high and low PTTG1 expression groups to immunotherapy. Immune checkpoint inhibitors blocked the inhibitory effect 
of tumor cells on immune cells by binding to immune checkpoints. Compared to the high PTTG1 expression group, the low PTTG1 
expression group responded better to immunotherapy and was less likely to develop immune dysfunction, which might explain the 
poor prognosis in the group with high PTTG1 expression. However, the results of these immunotherapy reactions were all based on the 
information in the database. Due to the limited amount of patient information in the database, more patient information needed to be 
collected to further verify the specific efficacy. 

According to the above results, PTTG1 could be used as an independent factor affecting the prognosis of KIRC and was closely 
related to immunity. In addition, in this study, we found that PTTG1 was closely related to the expression levels of multiple immune 
checkpoints, TMB, and IPS in KIRC, indicating the potential value of PTTG1 as a new therapeutic target and a predictive marker of the 
responses to ICIs for KIRC. But this study also had some limitations. The limited information in the TCGA database and the small 
sample size of normal kidney tissue might influence our conclusion. More clinical information and basic trials were needed to confirm 
the relationship between PTTG1 and immunotherapy response. 

Fig. 7. Relationships between PTTG1 and an immune checkpoint molecules; b immune cells pathway; c tumor immune infiltration; and d tumor 
microenvironment in KIRC. 

X. Zhang et al.                                                                                                                                                                                                          



Heliyon 9 (2023) e13201

10

5. Conclusions 

Overall, our study suggested that PTTG1 might serve as a marker to help clinicians better predict the OS prognosis of KIRC. GSEA 
analysis revealed that PTTG1 might affect the development of KIRC through the cell cycle, ErbB, GnrH, Insulin, mTOR, p53 and TGF 

Fig. 8. Predictions of the immunotherapy response in KIRC patients. a Associations between PTTG1 and IPS of anti-CTLA-4 or anti-PD-1 treatment; 
b Associations between PTTG1 and IPS of anti-CTLA-4 or anti-PD-1 treatment; c Immune dysfunction scores in high and low PTTG1 expression 
groups by TIDE; d TIDE scores in high and low PTTG1 expression groups by TIDE; e The distributions of PTTG1 expression in pan-cancer immune 
subtypes; Figure S1. Mean optical density of the immunohistochemistry results. 
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beta signaling pathways. Moreover, PTTG1 was also related to TMB, immunity, and immunotherapy responses. More clinical patient 
data and deeper studies were needed to further validate our findings. 
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