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Abstract

Background: The pituitary tumor-transforming gene 1 (PTTG1), also recognized as securin, plays a crucial role in diverse biological
processes, such as restraining sister chromatid segregation, facilitating DNA repair, contributing to organ development, and governing
angiogenesis. Additionally, it regulates the expression and secretion of transfer factors. The epigenetic characteristics of PTTG1 suggest
its potential in elucidating the progression of malignant tumors in pan-cancer. Nevertheless, the current comprehension of this relationship
remains limited, necessitating further comprehensive studies to delve into the underlying pathogenesis. Methods: This investigation
aimed to explore the potential functions of PTTGI in pan-cancer by leveraging existing databases, such as TCGA and GTEx. Notably,
PTTG1 was overexpressed in nearly all tumors, indicating promising prognostic and diagnostic capabilities. Moreover, the observed
correlation between PTTG1 and immune cell infiltration, immune checkpoint genes, tumor mutational burden (TMB), microsatellite
instability (MSI), and other immune features suggests its potential utility as a guide for immunotherapy. Results: The study unveils that
the downregulation of PTTG1 expression in neuroblastoma results in reduced cell proliferation and increased apoptosis, substantiating the
proposition that PTTG1 could serve as both a prognostic biomarker and a potential target for immunotherapy across various cancer types.
Conclusions: This study centers on the exploration of the expression and role of PTTG1 in both tumors and the tumor microenvironment
(TME), offering valuable insights for the development of cancer therapeutic strategies. These discoveries present potential alternative
avenues for addressing clinically resistant cancers.
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1. Introduction identified in connection with pituitary tumors, subsequent
investigations have revealed its crucial involvement in a di-
verse array of cancers. The discovery of the PTTG/ dates
back to 1997 when it was initially found in rat pituitary tu-
mor cells and was recognized as a transforming gene that
originated from the pituitary gland [5]. Situated on human
chromosome 5q33.3, the PTTG! encodes a 188-amino acid
protein. Functioning as a transcriptional regulator, PTTG1
is intricately involved in cell cycle regulation and cell pro-
liferation. It is pivotal in preserving normal cell division
and the well-coordinated proliferation of cells under phys-
iological conditions. Nevertheless, in the context of can-
cer, the aberrant expression and malfunction of PTTG1 are
intimately linked to the initiation, progression, and prog-
nosis of tumors [6,7]. Research has indicated that PTTG1
expression is notably elevated in various tumors, particu-
larly those originating in the endocrine system. However,
it has also been detected in non-endocrine-related cancers,
affecting the central nervous system, lung system, and gas-
trointestinal system [8—15]. PTTG] is a protein that exerts
its function by directly binding to DNA or interacting with
other proteins while also possessing transcriptional activity.
Its main role is to promote tumor cell invasion through its
transcriptional activity. For instance, it activates the expres-

Cancer manifests as a diverse and heterogeneous dis-
ease characterized by complexity across various levels, in-
cluding genetic factors, epigenetic modifications, and cel-
lular signaling. Evaluating this complexity is crucial for
the development of more efficacious treatment strategies,
for which surgery, chemotherapy, radiotherapy, and im-
munotherapy constitute the primary treatment modalities.
While these approaches have demonstrated clinical success,
saving lives in specific cases, they have also created chal-
lenges, such as drug resistance and adverse effects. Conse-
quently, patient prognosis and survival rates are not entirely
satisfactory. Hence, identifying precise targets and novel
tumor markers is imperative for advancing tumor therapy
[1,2]. The intricate nature of cancer phenotypes encom-
passes various factors. Serving as a potent instrument for
bioinformatics analysis, the R software package assumes
a pivotal role in differential expression analysis, survival
analysis, machine learning, and network analysis. A com-
prehensive grasp of cancer complexity enables the formula-
tion of personalized treatment strategies, thereby enhancing
treatment outcomes [3,4].

The pituitary tumor-transforming gene 1 (P77G1) has
garnered significant attention in cancer research. Initially
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sion of metalloproteinase 2 (MMP-2), which accelerates the
transfer of tumor cells and leads to faster tumor growth [ 16—
18]. Furthermore, it has been discovered that PTTG1 can
enhance the migratory and invasive characteristics of can-
cer cells by activating the epithelial-mesenchymal transi-
tion (EMT) pathway [19,20]. PTTG1 orchestrates cell en-
try into mitosis by modulating the expressions of the cy-
clin proteins, particularly by fostering the accumulation of
cyclin B1 [21]. This holds significant implications for the
aberrant proliferation observed in cancer cells. Moreover,
PTTGI heightens the resistance of tumor cells to therapy
by impeding DNA damage repair pathways, including the
non-homologous end joining pathway [22,23]. Given the
comprehensive understanding of the pivotal role PTTGI
plays in cancer, it has emerged as a potential target for
cancer therapy and prognostic evaluation. Numerous stud-
ies demonstrate the effective inhibition of tumor growth
and metastasis by restraining the expression or function of
PTTGI. Hence, PTTGI holds promise as a crucial compo-
nent in forthcoming individualized treatment strategies.

Our research is groundbreaking as it marks the inaugu-
ral extensive pan-cancer analysis of PTTG], utilizing data
from both the TCGA project and the GEO database. To
deepen our insight into the molecular mechanisms involv-
ing PTTGI in the onset and clinical prognosis across a spec-
trum of cancers, we considered various factors, encompass-
ing gene expression, survival outcomes, DNA methylation,
genetic alterations, protein phosphorylation, immune infil-
tration, and pertinent cellular pathways.

2. Materials and Methods
2.1 PTTGI Expression Pattern in Human Pan-Cancer

The PROTTER database (https://wlab.ethz.ch/protter
/start/) was utilized to forecast protein sequence charac-
teristics and exhibit the transmembrane topology of pro-
teins using the experimental proteomics evidence set of
PTMs [24]. The Human Protein Atlas (HPA) database,
available at https://www.proteinatlas.org/, utilizes a vari-
ety of techniques, including antibody-based imaging, mass
spectrometry-based proteomics, transcriptomics, and sys-
tems biology to comprehensively map all human cells, tis-
sues, and proteins in the organs [25,26]. We obtained the
pan-cancer dataset from the UCSC database, which was
unified and standardized. This dataset, named TCGA TAR-
GET GTEx (PANCAN, N =19,131, G = 60,499), was used
to extract the gene expression data of ENSG00000114346
(PTTGI) in each sample.

2.2 Prognostic Analysis and Clinical Stages

We obtained the harmonized pan-cancer dataset from
the UCSC database (https://xenabrowser.net/), specifically
the TCGA TARGET GTEx dataset (PANCAN, N=19,131,
G =60,499). Subsequently, we extracted the gene expres-
sion data for ENSG00000164611 (PTTG1) in each sam-
ple from TCGA Target GTEx (PANCAN, N = 19,131,

G = 60,499). Then, the sample sources were filtered
based on the following criteria: Primary blood-derived
cancer—peripheral blood (TCGA-LAML), primary tumor,
TCGA-SKCM metastatic, primary blood-derived cancer—
bone marrow, primary solid tumor, recurrent blood-derived
cancer—bone marrow samples. Additionally, we obtained
high-quality prognostic TCGA datasets from research pre-
viously published in Cell using the TCGA prognosis. Af-
ter excluding samples with a follow-up time of less than
30 days, we transformed each expression value using
log2(x+0.001). Finally, cancer samples with fewer than 10
samples in a single cancer were excluded, resulting in a fi-
nal dataset comprising 44 cancer samples.

2.3 Genetic Alterations

To study the genetic changes in the pan-cancer cohort
regarding the PTTG1 gene, we logged into the cBioPor-
tal website (https://www.cbioportal.org/) [27,28]. To query
the genetic alteration signature of PTTG1, we selected the
‘TCGA Pan-Cancer Atlas Studies’ in the ‘Quick Selection’
section. The Cancer Types Summary module was used to
view the mutation frequency, mutation type, and copy num-
ber alteration (CNA) results for all TCGA tumors. Addi-
tionally, the mutation module displayed the PTTG1 mu-
tation site information in the protein structure diagram or
three-dimensional structure.

2.4 Correlation Analysis of Immune Traits

We obtained the pan-cancer dataset from the UCSC
database (https://xenabrowser.net/). The dataset, which in-
cluded TCGA TARGET GTEx (PANCAN, N = 19,131,
G = 60,499), was used to extract the ENSG00000164611
(PTTGI) genes and 150 marker genes for the five types
of immune pathways (chemokine (41), receptor (18), MHC
(21), Immunoinhibitor (24), Immunostimulator (46)) from
each sample expression data. To calculate the stromal, im-
mune, and ESTIMATE scores of each patient in each tumor
based on gene expression, we utilized the R package ESTI-
MATE. The collated gene expression data was combined
with the measured infiltration scores of various cell types
for every patient in each tumor using the “Timer” [29], “de-
convo_epic”, and “deconvo_quantiseq” algorithms in the R
package “IOBR”. The results were visualized using the R
package “reshape2” and “RColorBreyer”. The Tumor Im-
munity Single Cell Center (TISCH) has compiled a com-
prehensive collection of 76 tumor datasets from 27 differ-
ent cancer types. This includes single-cell transcriptome
profiles of nearly 2 million cells, providing an invaluable
resource for researchers studying tumor immunity [30].

2.5 Association of PTTG1 with Genomic Heterogeneity
and Stemness

We obtained the pan-cancer dataset from the UCSC
(https://xenabrowser.net/) database, which was unified and
standardized. This dataset, known as TCGA pan-cancer
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(PANCAN), consisted of 10,535 samples and 60,499 genes.
We specifically extracted the gene expression data of
ENSG00000164611 (PTTG1) from each sample. To ensure
the highest quality data, we further screened the samples
only to include those from primary blood-derived cancers
in peripheral blood and primary tumor samples [31], and
we calculated the TMB (tumor mutation burden), MSI (mi-
crosatellite instability), purity, for the DNA of each tumor
using the R package maftools [32—34]. The gene expression
data from the samples underwent integration before being
transformed using the log2(x+0.001) formula. Cancer types
with less than three samples were eliminated to ensure data
accuracy, resulting in a final dataset of expression data for
37 cancer types.

2.6 Cell Culture and siRNA Knockdown

The SK-N-SH cell line was obtained from the Chi-
nese Academy of Sciences and cultured in DMEM (Yeasen
biotech; 41420ES76; Shanghai, China) supplemented with
10% heat-inactivated fetal bovine serum (FBS, Yeasen
biotech; 40130ES76; Shanghai, China). All cell lines were
validated by STR profiling and tested negative for my-
coplasma. Cells were all cultured in a humidified incuba-
tor at 37 °C and 5% COg. Chemically synthesized control
siRNA and two siRNAs targeting PTTG1 were obtained
from RiboBio, China. For RNAI transfection, RNAIMAX
(Thermo Fisher Scientific;13778150; Waltham; MA; USA)
was administered at cell confluences from 30% to 40%.
Following transfection, cells were harvested within 48 to
72 hours for subsequent experiments. The target sequences
are provided below:

PTTGI-1: 5-GAAGACTGTTAAAGCAAAA-3'

PTTG1-2: 5-GATGATGCCTATCCAGAAA-3’

2.7 Cell Viability Analysis

Cell proliferation was evaluated utilizing the Cell
Counting kit-8 (CCK-8, Yeasen biotech; 40203ES60;
Shanghai, China) assay from Yeasen. In 96-well plates,
cells were seeded at a density of 6 x 103 cells per well.
Once the cells had adhered to the well, CCK-8 assays were
conducted daily for four consecutive days in accordance
with the manufacturer’s instructions. The absorbance was
measured at 450 nm and 630 nm per well using a microplate
reader (A51119500C; Thermo Fisher Scientific; Multiskan
Spectrum; Waltham; MA; USA).

2.8 EdU Incorporation Test

To identify EdU-positive cells, flow cytometry analy-
sis was performed on proliferating cells using the Cell-Light
EdU Apollo 488 (Yeasen biotech; 40275ES76; Shanghai,
China), following the manufacturer’s protocol. The fluo-
rescence signal was detected at 488 nm using flow cytom-

etry.
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2.9 Annexin V-FITC/Propidium lodide (PI) Flow
Cytometry

To assess cell apoptosis, SK-N-SH cells were seeded
in 6-well plates and transfected with siPTTG1 when they
reached a confluency of 30%—40%. After 48 hours, an An-
nexin V-FITC kit (Yeasen biotech; 40306ES60; Shanghai,
China) was utilized.

2.10 Western Blotting

Western blotting was performed following previously
described protocols [35]. The primary antibodies targeting
PTTG1 (Abcam; ab79546, 1:100, Univ Cambridge UK)
were sourced from Abcam, while [-actin was obtained
from Cell Signaling Technology (CST; 3700S; 1:1000;
Boston, MA, USA).

2.11 Quantitative Real-Time PCR

RNA extraction was performed using TRIzol reagent
(Yeasen biotech; 19202ES60; Shanghai, China), and re-
verse transcription was conducted using PrimeScript RT
Master Mix (Perfect Real Time) kit (Yeasen biotech;
10137ES76; Shanghai, China). Real-time quantitative
PCR (qPCR) was performed using SYBR Green Mas-
ter Mix (Yeasen biotech; 11201ES60; Shanghai, China).
Relative mRNA expression levels were determined using
the 2724C4 method [35]. GENEWIZ produced specific
primers with the following sequences:

PTTG] forward: 5’-GCTTTGGGAACTGTCAACA

GAGC-3’

PTTGI reverse: 5'-CTGGATAGGCATCATCTGA
GGC-3/

GAPDH forward: 5'-GTCTCCTCTGACTTCAACA
GCG-3/

GAPDH reverse: 5-ACCACCCTGTTGCTGTAGC
CAA-3

2.12 Statistical Analysis

In this investigation, disparities in gene expression
were assessed through the Wilcoxon rank sum test and
the Kruskal-Wallis test. Additionally, we gauged the cor-
relation between the two groups using either Spearman’s
rank correlation coefficient or Pearson correlation analysis.
Survival characteristics were compared using the Kaplan—
Meier method and Cox regression analysis. Statistical anal-
yses and visualizations were executed using R software (R-
4.2.2; University of Auckland, New Zealand), Sangerbox,
and GraphPad Prism 9 (GraphPad Software Inc.; Califor-
nia, USA) [36]. A p-value < 0.05 was considered statisti-
cally significant. Significance levels are as follows: *p <
0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001, as
indicated in the figures and figure legends.
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3. Results

3.1 PTTG1 Variants, Localization, Single-Cell Variations,
and Expression Profiles under Physiological Conditions

First, we present a flowchart of the analytical meth-
ods used in this paper (Supplementary Fig. 1). To de-
termine the cellular localization of PTTGI1, we employed
indirect immunofluorescence to examine its distribution in
the endoplasmic reticulum (ER) and microtubules of PC-3
prostatic cancer (PC) cells, U-251 malignant glioblastoma
(MG) cells, and U-2 osteosarcoma (OS) cells, all sourced
from the HPA database. Our findings indicate that PTTGI1
is predominantly localized in the cytoplasm of all three
cell types, evident from its co-localization with cytoplasmic
markers (Fig. 1A). Moreover, the structural arrangement
of the PTTGI protein suggests that natural missense vari-
ants of Ala2 and Ser165 are situated within the cell mem-
brane (Fig. 1B). In our investigation, the analysis of single-
cell RNA-sequencing data, utilizing fluorescent ubiquitin-
based technology, demonstrated a substantial correlation
between increased expression of PTTG1 RNA and cell cy-
cle progression. Changes in protein expression levels of
PTTG]1 were observed to align with progression through the
G1, S, and G2 phases (Fig. 1C). Furthermore, our research
revealed the presence of PTTG1 messenger RNA (mRNA)
and protein in various normal human tissues, including the
testis, lymph nodes, tonsils, thymus, nasopharynx, and thy-
roid gland (Fig. 1D,E).

3.2 PTTG1 is Aberrantly Overexpressed and is Associated
with Tumor Stages, Metastases, and Poor Cancer
Prognoses

In this investigation, we utilized R software to as-
sess the expression differences between normal and tu-
mor samples across various cancers. Significance anal-
ysis was conducted using unpaired Wilcoxon rank-sum
and signed-rank Tests. PTTGI exhibited significant up-
regulation in 33 tumors, encompassing GBM, GBMLGG,
LGG, UCEC, BRCA, CESC, LUAD, ESCA, STES, KIRP,
KIPAN, COAD, COADREAD, PRAD, STAD, KIRC,
LUSC, LIHC, WT, SKCM, BLCA, THCA, READ, OV,
PAAD, UCS, ALL, LAML, PCPG, ACC, KICH, and
CHOL (Fig. 2A).

Moreover, the expression of PTTG1 demonstrated sig-
nificant variations among patients with GBMLGG, LGG,
STES, KIPAN, UCEC, HNSC, KIRC, LIHC, and PAAD,
contingent on their pathological stage (G1/G2/G3/G4)
(Fig. 2B). In several cancers, including LUAD, BRCA,
KIRP, KIPAN, KIRC, LUSC, LIHC, TGCT, UCS, ACC,
KICH, and DLBC, PTTGI1 expression exhibited notable
differences across pathological stages I, II, III, and IV
(Fig. 2C). Additionally, there were significant differences
in PTTG1 expression among patients with BRCA, KIRP,
KIPAN, PRAD, KIRC, LUSC, LIHC, TGCT, and ACC,
based on their pathological T1/T2/T3/T4 stage (Fig. 2D).

3.3 Genetic Alteration Analysis Data

A comprehensive analysis of PTTGI in malignant tu-
mors was undertaken to elucidate its role in cancer. The
TCGA pan-cancer dataset was examined, revealing that
the most prevalent DNA alteration in PTTG1 was am-
plification. This amplification was most frequently ob-
served in kidney renal clear cell carcinomas, followed
by cholangiocarcinoma and ovarian serous cystadenocarci-
noma (Fig. 3A). Notably, PTTG1 mutations were identified
in uterine corpus endometrial carcinoma, stomach adeno-
carcinoma, and colorectal adenocarcinoma, with deep dele-
tion of PTTGI predominantly observed in stomach adeno-
carcinoma. Furthermore, a statistically significant correla-
tion was observed between PTTG1 expression and mutation
type and copy number (Fig. 3B). Missense mutations were
identified as the primary genetic alterations in the PTTG1
gene, with the P164L{s4 mutation being the most common
alteration, observed in two cases of UCEC (Fig. 3C). The
three-dimensional structure of the PTTG1 protein further
highlighted the P164Lfs4 site (Fig. 3D). Therefore, the el-
evated expression of PTTG1 in cancer may be attributed
to genetic variations. Recent research has identified over
100 types of RNA modifications that act as crucial regula-
tors of gene transcriptional expression. RNA methylation
and its associated downstream signaling pathways are piv-
otal in various biological processes, including cell differen-
tiation, sex determination, and stress responses [37]. The
expression of PTTG1 is believed to be primarily regulated
through RNA post-transcriptional modifications, evident
from the significant positive correlation between PTTG1
expression and RNA modification-related genes, such as
mlA, m5C, and m6A. Specifically, genes involved in RNA
modification, including METTL3, METTL14, WTAP, and
YTHDF1, exhibited a significant positive correlation with
PTTG] expression (Fig. 3E).

3.4 Construction and Evaluation of Nomogram Models
and Survival Analysis

The survival analysis of PTTGl across four
domains—OS, DSS, PFS, and DFS—reveals its prognostic
significance in pan-cancer. The Cox regression model
analysis indicates that patients with elevated PTTG1 ex-
pression in the 16 considered tumor types face an increased
risk of poor overall survival (OS) (Fig. 4A), encompassing
GBMLGG, LGG, LAML, LUAD, KIRP, KIPAN, KIRC,
LIHC, MESO, UVM, PAAD, ALL, CHOL, ACC, KICH,
and ALL-R. Subsequent investigations demonstrate a
substantial association between PTTGI expression and
DSS across various carcinoma categories, including but
not limited to GBMLGG, KIPAN, KIRP, KIRC, LGG,
KICH, ACC, MESO, LIHC, LUAD, PAAD, BRCA, and
UVM (Fig. 4B). Moreover, heightened PTTG1 expression
suggests a lower DFI in BRCA, SARC, KIRP, KIPAN,
and LIHC (Fig. 4C). We further established a univariate
Cox regression model to correlate PTTG1 expression with
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various tissues were assessed using the HPA dataset. (E) The expression level of PTTG1 protein in tissues was evaluated in the HPA

data illustrates the correlation between PTTG1 mRNA expression and cell cycle progression. (D) Expression levels of PTTG1 RNA in
dataset (https://www.proteinatlas.org/ENSG00000164611-PTTG1/tissue). RNA-Seq, RNA sequencing; mRNA, messenger RNA.
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Fig. 2. Examining the correlation between PTTG1 gene expression and diverse clinicopathological stages in pan-cancer. (A)
Comparative analysis of PTTG1 expression in TCGA and GTEx databases. (B) Violin plots depict the variation in PTTG1 expression
across pathological G1/G2/G3 stages. (C) Violin plots display the differences in PTTG1 expression levels among pathological I/IVIII/IV
stages. (D) Violin plots illustrate the distinctions in PTTGI1 expression levels across pathological T1/T2/T3/T4 stages. Significance
denoted as *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001. TCGA, The Cancer Genome Atlas; GTEx, The Genotype-Tissue
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TCGA tumors. (A) Utilizing the cBioPortal tool, we scrutinized the mutation

1n various
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features of PTTG1 across TCGA tumors, presenting the alteration frequency categorized by mutation type. (B) Depiction of potential

alterations in PTTG1 copy number. (C) Visualization of the PTTG1 3D structure, highlighting the mutation site with the highest alteration
frequency (P164Lfs*4 site). (D) Presentation of the specific mutation site. (E) Evaluation of the correlation between PTTG1 expression

and the expression of RNA modification regulators in pan-cancer. Significance indicated as *p < 0.05.

Fig. 3. Mutation characteristics of PTTG1

-
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PFI in various cancer types. The findings highlight that
PTTGI expression is associated with poor prognosis in 16
tumor types, including GBMLGG, KIPAN, KIRP, KIRC,
LGG, PRAD, LIHC, KICH, ACC, UVM, MESO, BRCA,
SARC, LUAD, PAAD, and PCPG (Fig. 4D). The associa-
tions between PTTG1 and OS, DSS, DFS, and PFS were
evaluated using Kaplan—-Meier (KM) survival analysis
curves, and revealed a trend consistent with the univariate
Cox regression analysis. In CESC, GBMLGG, KIRP,
LAML, LGG, and LIHC, elevated PTTGI1 expression
correlated with a declining trend in OS (Supplementary
Fig. 2), mirroring the KM curves for DSS in GBMLGG,
KIPAN, KIRP, and LGG (Supplementary Fig. 3A-D).
Kaplan—-Meier survival analysis further demonstrated a
significant correlation between high PTTG1 expression and
disease-free survival (DFS) in breast invasive carcinoma
(BRCA), kidney renal papillary cell carcinoma (KIRP),
liver hepatocellular carcinoma (LIHC), and pancreatic
adenocarcinoma (PAAD) (Supplementary Fig. 3E-H).
PTTGI exhibited a robust association with progression-
free survival (PFS) across pan-cancer studies, notably
showing low PFS rates in patients with GBMLGG, KIRC,
LGG, and PRAD (Supplementary Fig. 4). To substantiate
their prognostic value, separate nomogram models were
constructed for KIRC, LUSC, and LIHC, chosen based on
univariate Cox regression results. The accuracy of these
models was assessed through calibration curves at 1-year,
3-year, and 5-year intervals. The findings demonstrated
that the nomogram models for KIRC (Supplementary
Fig. 5A), LUSC (Supplementary Fig. 5C), and LIHC
(Supplementary Fig. SE) accurately predicted survival
rates, emphasizing the significant impact of PTTG1 on
prognosis and its role as a robust predictor of overall
survival over the 1-year, 3-year, and 5-year periods
(Supplementary Fig. SB,D,F).

3.5 PTTG1 is Tightly Related to Immune Infiltration and
Immune Checkpoints

This study aimed to explore the influence of PTTG1
on the tumor microenvironment (TME) and its association
with immune infiltration levels across various cancers. Ad-
ditionally, we investigated the correlation between PTTG1
expression and three immune scores. Our findings indi-
cated a significant negative correlation between PTTG1 ex-
pression and immune infiltration, as assessed by Stroma-
IScore, in BRCA, STES, STAD, and LUSC (Fig. 5A). Sim-
ilarly, there was a negative correlation between PTTGI
expression and immune infiltration, as determined by Im-
muneScore, in GBM, STES, LUSC, and READ (Fig. 5B).
EstimateScore suggested a decreasing trend in immune in-
filtration levels with elevated PTTG1 expression in GBM,
STES, STAD, and LUSC (Fig. 5C). Despite variations in
score values, the overall trend remained consistent, high-
lighting the significant regulatory role of PTTG1 in the tu-
mor immune microenvironment across the mentioned ma-

lignancies. Our analysis explored the potential correlation
between PTTG1 expression and immune checkpoint path-
way genes across diverse cancer types. The results demon-
strated a significant association between PTTG1 and both
immunosuppressive and immunostimulatory genes in pan-
cancer. Of particular note was the positive correlation ob-
served between PTTG1 and the immune checkpoint path-
way genes, providing further evidence of the involvement
of PTTGI in the regulation of the immune response in
cancer (Fig. 5D). We conducted a comparative analysis of
PTTG1 with genes related to immune regulation, including
major histocompatibility complex (MHC), chemokines and
chemokine receptor genes, immunosuppressants, and im-
munostimulators. Our findings revealed strong correlations
between PTTG1 expression levels and these three gene
families across various tumor types. The correlation analy-
sis of PTTG1 with immune checkpoint genes showed a pos-
itive correlation in GBMLGG, LGG, KIRP, and KIPAN,
while a negative correlation was observed in DLBC and
THYM. In several malignancies, such as GBMLGG, LGG,
KIPAN, KIRC, OV, UVM, MESO, LIHC, PAAD, THYM,
and DLBC, the correlation between PTTG1 and the five
gene families was particularly significant, demonstrating
an overall positive correlation. Notably, GBMLGG, LGG,
KIPAN, and KIRC exhibited the highest expression levels,
and PTTGI1 expression positively correlated with nearly all
MHC and chemokine receptor genes in these five malig-
nancies. While this correlation was evident in pan-cancer,
it was not statistically significant in UCS, SKCM, and WT
tumors (Fig. 5E).

3.6 The Effect of PTTG1 on Immunological Status in
Pan-Cancers

We evaluated tumor immune scores using four algo-
rithms: XxCELL, CIBERSORT, QUANTISEQ, and EPIC.
Moreover, we explored the correlation between PTTG1
expression and immune cell levels through immune in-
filtration analysis. Our findings revealed a significant
enhancement in immune cell infiltration in most tumors
with high PTTG1 expression, which particularly impacted
macrophages, Thl cells, Th2 cells, and T cells (Fig. 6A).
Combining results from the three algorithms indicated that
a negative correlation existed between PTTGI1 and im-
mune cell infiltration in various malignancies, such as OV,
TGCT, GBM, KIRC, and SARC, suggesting that PTTG1
was involved in shaping an immunosuppressive microenvi-
ronment in these cancers. Comparisons across algorithms
showed strong positive or significant negative correlations
of PTTG1 with immune cells in KIPAN, KIRC, PRAD,
BRCA, LGG, and others, highlighting the intricate rela-
tionship between PTTGI and these immune cells. Notably,
PTTGI1 significantly promoted immune cell infiltration in
most cancers, except for CHOL, PCPG, and other specific
cancer types (Fig. 6B; Supplementary Fig. 6A,B). Addi-
tionally, we examined PTTG1 expression in TME-related
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Fig. 4. Univariate Cox Regression Analysis of PTTG1 Regarding OS, PFS, DFS, and DSS Across Pan-Cancer. (A) Assessment

of the correlation between PTTG1 expression and OS (overall survival). (B) Examination of the correlation between PTTG1 expression

and DSS (disease-specific survival). (C) Investigation of the correlation between PTTG1 expression and DFI (disease-free interval). (D)

Evaluation of the correlation between PTTG1 expression and PFI (progression-free interval).

cells using the scRNA-seq database. Across AEL, AML,
ALL, BCC, BRCA, CHOL, CRC, and Glioma, CD4Tconv,
CD8T, CD8Tex, Mono/Macro, Treg or macrophages, and
proliferating T cell fibroblasts exhibited the highest PTTG1
expression levels (Supplementary Fig. 7A—H). These re-
sults underscored the close association of PTTG1 with the
tumor microenvironment in cancer.
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3.7 Pan-Cancer Analysis of the Correlation between the
PTTGI Expression and TMB, MSI

Checkpoint blockade (ICB) therapy, utilizing drugs,
such as anti-programmed cell death protein 1 (PD-1), anti-
programmed death-ligand 1 (PD-L1), and/or anti-cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4) [38—40], has
demonstrated promising outcomes in a subset of cancer pa-


https://www.imrpress.com

A StromalScore

TCGA-STADIN=388 TCGALUSCIN-49]
0 e

HIR I
PTTGI Expresson PTTGI Exprassion

B ImmuneScore

C ESTIMATEScore

Fig. 5. The relationships between PTTG1 expression and immune infiltration and immune checkpoints. (A) Examining the cor-

relation between PTTG1 expression and StromalScore. (B) Investigating the correlation between PTTG1 expression and ImmuneScore.

(C) Assessing the correlation between PTTG1 expression and EstimateScore. (D) Analyzing the correlation between PTTG1 expression

and genes related to immune checkpoints. (E) Exploring the correlation between PTTG1 and genes involved in immunomodulation.

Significance denoted as *p < 0.05.

tients. Tumor mutational burden (TMB) has emerged as a
pivotal biomarker for predicting responses to various can-
cers. Elevated TMB levels have been correlated with favor-
able responses to immune checkpoint blockade (ICB) ther-
apy, establishing it as a crucial tool for identifying patients
likely to benefit from such treatments [41]. Microsatellite
instability (MSI), a diagnostic phenotype observed in gas-
trointestinal neoplasms, manifests as the spontaneous loss
or gain of nucleotides in repetitive DNA strands [42]. This
study delved into the relationship between PTTG1 expres-
sion, TMB, and MSI across diverse cancer types. In most
cases, results unveiled a predominantly positive correla-
tion between PTTG1 expression and TMB/MSI. Notably,
in BRCA, GBMLGG, LGG, PRAD, LUAD, STES, and
STAD, the strongest correlation surfaced between PTTG1
and TMB score (Fig. 7A). Conversely, the association
between PTTG1 and MSI was more pronounced in pa-
tients with DLBC, STAD, COAD, GBMLGG, and STEC
(Fig. 7B). The biology of solid tumors is significantly
shaped by tumor purity, a factor that also influences the ef-
ficacy of immune checkpoint inhibitor (ICI) therapy [43],
and PTTG]1 displayed a significant correlation with pu-
rity, which was more prominent in THYM, KIPAN, KIRC,
GBM, DLBC, UCEC and others, with some similarity to
TMB and MSI (Fig. 7C). The correlation between stemness
scores, drug resistance, and tumor cell proliferation during
the treatment of malignant tumors has been explored. The
prognostic significance of mRNA-based stem index (mR-

10

NAsi) in different cancers has been previously documented
[44—46]. To delve deeper into the connection between
PTTG1 expression and stemness scores across various tu-
mors, we conducted a Pearson correlation analysis. Our
findings revealed a robust correlation between PTTG1 ex-
pression and stemness scores in THYM, GBMLGG, LGG,
GBM, UVM, THCA, and ssDNA (Fig. 7D).

3.8 PTTG1 Promotes the Proliferation of Neuroblastoma
Cells and Inhibits Apoptosis

In 2015, Noll et al. [47] reported an association
between PTTG1 expression, hyperproliferation, and poor
prognosis in multiple myeloma. Cho-Rok et al. [48], in
2006, demonstrated that adenovirus-mediated reduction of
PTTG1 expression using siRNA inhibits the growth of liver
cancer cells both in vitro and in vivo. Li et al. [49] re-
vealed in 2013 that PTTG1 promotes the migration and
invasion of human non-small cell lung cancer cells. Fur-
thermore, Yoon et al. [19], in 2012, uncovered that the
PTTGI oncogene fosters tumor malignancy by inducing
epithelial-mesenchymal transition and expanding the can-
cer stem cell population. Additionally, PTTG1 influences
cell cycle arrest in breast cancer cells, whereby its overex-
pression results in a higher proportion of breast cancer cells
in the S phase [50]. To substantiate the role of PTTGI1, we
employed the neuroblastoma cell line (SK-N-SH). Addi-
tionally, we conducted experiments after validating the in-
terference efficiency through siRNA, confirmed by qPCR
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Fig. 6. Correlation between PTTG1 and the level of immune infiltrating Cells. (A) The association between PTTG1 and the level of
immune infiltrating cells in cancers was analyzed using xCELL algorithms. (B) The correlation between PTTG1 and the level of immune
infiltrating cells in cancers was analyzed using CIBERSORT algorithms. Asterisks denote statistically significant p-values calculated

through Spearman’s correlation analysis (*p < 0.05).
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Fig. 7. Prediction of treatment response to immune checkpoint inhibitors (ICIS) by PTTGI1. (A) Correlation analysis examining

the relationship between PTTG1 expression and tumor mutational burden (TMB). (B) Correlation analysis investigating the associa-

tion between PTTG1 expression and microsatellite instability (MSI). (C) Correlation analysis assessing the connection between PTTG1

expression and tumor purity. (D) Correlation analysis of the relationship between PTTG1 expression and stemness score.

and Western blot analysis (Supplementary Fig. 8A B).
The CCK-8 assay was employed to monitor cell prolifer-
ation at 24-, 48-, 72-, and 96-hours post-transfection with
siPTTGI. Our findings revealed that reducing PTTG1 ex-
pression in neuroblastoma cell lines significantly decreased
cell viability, suggesting that inhibiting PTTG1 expres-
sion can impede the proliferation of neuroblastoma cells
(Supplementary Fig. 8C). Results from the EAU experi-
ment demonstrated a substantial decrease in the percentage
of positive signals of EdU-labeled cells when PTTG1 ex-
pression was reduced. This reduction in positive signals
indicates a decrease in the DNA replication activity of tu-
mor cells and a weakening of their cell proliferation abil-
ity (Supplementary Fig. 8D). Apoptosis analysis revealed
a significant increase in the average percentage of apop-
totic cells following the knockdown of the PTTGI gene
(Supplementary Fig. 8E). Collectively, our results pro-
vide additional evidence supporting the wide-ranging tu-
morigenic effects of PTTG1 on multiple tumor types.
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4. Discussion

Tumors pose a significant threat to human life, and de-
spite recent advancements in identifying effective biomark-
ers for some cancers, there remains a lack of ideal inter-
vention methods, leading to unsatisfactory patient prog-
noses. Exploring shared biomarkers across tumors holds
promise for treating cancer at the molecular level. PTTGI,
identified as a pituitary-derived transforming gene, plays a
pivotal role in tumor proliferation and may function as a
pan-oncogene in cancer development. Through pan-cancer
expression analysis using the TCGA database, we vali-
dated that PTTG1 expression was significantly elevated in
various cancers, excluding PCPG. Cox regression analy-
sis and Kaplan—Meier survival curves further affirmed that
elevated PTTG1 expression correlates with poor progno-
sis, suggesting its potential as a reliable biomarker. In
five distinct tumors—GBMLGG, LGG, LIHC, KIRP, and
KIPAN—PTTG]1 showed significant correlations with four
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prognostic indicators: OS, DSS, DFS, and PFS, indicating
the necessity for further mechanistic exploration. For ex-
ample, Zhi et al. [51] delved into the glioma context, re-
vealing that ECT2 regulates PTTG1 expression by influ-
encing the stability of E2F1, thereby impacting glioma cell
proliferation. This underscores the need for in-depth in-
vestigations into the internal mechanisms involving PTTG1
across various cancer types. Teveroni ef al. [52] found that
nuclear localization of PTTG1 promotes seminoma migra-
tion and invasion by activating MMP-2. The expression
of PTTGI exhibited variations across distinct pathological
stages within the same tumor, with higher expression levels
detected in the advanced stages. This observation provides
additional evidence supporting the potential of PTTG1 as a
biomarker.

The tumor microenvironment encompasses non-
cancerous components within the tumor and the molecules
they release, exerting a pivotal influence on tumor initia-
tion, progression, and metastasis. Recent research under-
scores the tumor microenvironment as a potential therapeu-
tic target for cancers [53—57]. Chiriva-Internati et al. [14]
similarly identified abnormal PTTG1 expression in multi-
ple myeloma plasma cells, emphasizing its high immuno-
genicity as a promising target for multiple myeloma im-
munotherapy. Nevertheless, previous studies primarily fo-
cused on specific aspects and did not comprehensively ana-
lyze other immune features associated with PTTG1. Hence,
our study aimed to investigate the relationship between
PTTGI and the immune microenvironment, providing in-
sights into the role of PTTGI in immune cell infiltration
and its correlation with the TME. In the context of pan-
cancer analysis, we initially evaluated PTTG1 using three
immune scores—StromalScore, ImmuneScore, and Esti-
mateScore. Overall, the associations between PTTG1 and
immune scores were predominantly negative. For instance,
in GBM, this negative correlation is more pronounced in the
pan-cancer context, providing insights into the significant
role of PTTG1 in GBM and suggesting its potential for ef-
fective immunotherapy in GBM patients. Similar observa-
tions were made in lung squamous cell carcinoma, aligning
with existing studies on PTTG1 in this cancer type. These
findings imply that differences in the correlation among
the three scores may elucidate variations in the distribu-
tion of immune and stromal cells in different tumors, con-
tributing to the distinct prognostic outcomes associated with
PTTGTI in diverse cancer patients. Immunotherapy, partic-
ularly immune checkpoint blockade (ICB), has revolution-
ized cancer treatment by focusing on genes such as PD-1
and PD-L1 [58]. Our study revealed a significant posi-
tive correlation between PTTG1 and ICI-related genes in
most cancers. This suggests that PTTG1, functioning as a
pan-oncogene, may intensify malignancy by upregulating
the expression of specific immune checkpoint genes, facil-
itating tumor cells to evade immune surveillance. Conse-
quently, targeting PTTG1 could be a promising avenue for
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precision medicine. Furthermore, our analysis extended to
examining the correlation between PTTG1 and the infiltra-
tion of various immune cells. We observed significant cor-
relations between PTTG1 expression levels and various im-
mune cell types, including T cells, B cells, neutrophils, and
macrophages, among others. This provides the groundwork
for future investigations into the underlying mechanisms.
Notably, our study uncovers that elevated PTTG1 expres-
sion is linked to diverse immune cell populations. Impor-
tantly, the degree of immune cell infiltration is known to
impact the prognosis of various tumors. Furthermore, our
findings highlight that PTTG1 expression can influence the
function of immune cells, adding a layer of complexity to
its role in the TME.

Previous research indicates that TMB, MSI, and tu-
mor purity are all recognized factors that influence the ef-
fectiveness of immune checkpoint therapy [59-61]. We an-
alyzed the correlation between PTTG1 and ICI therapeu-
tic markers. The findings revealed a significant correlation
in tumors, such as GBMLGG, LGG, KIRC, and KIPAN,
indicating the potential for further subclassification of tu-
mors based on their ICI therapeutic markers. These results
emphasize the need for expanded clinical trials to validate
the impact of PTTG1 expression levels on the prognosis
of patients undergoing immunotherapy. Additionally, we
explored the association between the stemness index and
PTTGI, uncovering a significant link in pan-cancer sce-
narios, thereby suggesting that PTTG1 plays a role in in-
fluencing stemness progression. Neuroblastoma is a tumor
originating from the sympathetic nervous system, which ex-
hibits a diverse clinical course that spans from localized
or spontaneous regression to widespread metastatic disease
[62]. To corroborate the significance of PTTG1, we em-
ployed the neuroblastoma cell line (SK-N-SH) as a starting
point and conducted an analysis, establishing PTTGI as a
potential independent prognostic factor for neuroblastoma
patients. In addition, the outcomes from the EdU assay re-
vealed a significant reduction in the percentage of positive
signals within Edu-labeled cells upon the downregulation
of PTTG1 expression. This decrease in positive signals im-
plies a diminished DNA replication activity in tumor cells,
weakening cell proliferation ability. These findings further
underscore the pivotal role of PTTG/ in tumorigenesis.

5. Conclusions

A comprehensive multi-omics analysis indicates that
PTTGI could emerge as a novel prognostic marker for tu-
mors and a potential therapeutic target for immune infiltra-
tion. However, further extensive experiments are warranted
to validate its association with immune infiltration in the
TME.
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