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Clinical significance and potential regulatory ==

mechanism of overexpression of pituitary
tumor-transforming gene transcription factor
in bladder cancer
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Abstract

Background: Pituitary tumor transforming gene-1 (PTTG1) transcription factor is identified as carcinogenic and
associated with tumor invasiveness, but its role in bladder cancer (BLCA) remains obscure. This research is intended to
analyze the aberrant expression and clinical significance of PTTG1 in BLCA, explore the relationship between PTTGI1
and tumor microenvironment characteristics and predict its potential transcriptional activity in BLCA tissue.

Methods: We compared the expression discrepancy of PTTG1 mRNA in BLCA and normal bladder tissue, using the
BLCA transcriptomic datasets from GEO, ArrayExpress, TCGA, and GTEx. In-house immunohistochemical staining was
implemented to determine the PTTG1 protein intensity. The prognostic value of PTTG1 was evaluated using the
Kaplan-Meier Plotter. CRISPR screen data was utilized to estimate the effect PTTG1 interference has on BLCA cell lines.
We predicted the abundance of the immune cells in the BLCA tumor microenvironment using the microenvironment
cell populations-counter and ESTIMATE algorithms. Single-cell RNA sequencing data was applied to identify the major
cell types in BLCA, and the dynamics of BLCA progression were revealed using pseudotime analysis. PTTG1 target
genes were predicted by CistromeDB.

Results: The elevated expression level of PTTG1 was confirmed in 1037 BLCA samples compared with 127 non-BLCA
samples, with a standardized mean difference value of 1.04. Higher PTTG1 expression status exhibited a poorer BLCA
prognosis. Moreover, the PTTG1 Chronos genetic effect scores were negative, indicating that PTTG1 silence may
inhibit the proliferation and survival of BLCA cells. With PTTGT mRNA expression level increasing, higher natural killer,
cytotoxic lymphocyte, and monocyte lineage cell infiltration levels were observed. A total of four candidate targets
containing CHEK2, OCIAD2, UBE2L 3, and ZNF367 were determined ultimately.

Conclusions: PTTG1 mRNA over-expression may become a potential biomarker for BLCA prognosis. Additionally,
PTTG1 may correlate with the BLCA tumor microenvironment and exert transcriptional activity by targeting CHEK?,
OCIAD2, UBE2L3, and ZNF367 in BLCA tissue.
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Background

Bladder cancer (BLCA) is the world’s ninth highest
cause of cancer-related mortality among men and the
second most prevalent malignancy of the human uri-
nary tract in 2020 [1]. According to the cancer statis-
tics 2022, there will be approximately 91,893 new cases
of BLCA in China, with 42,973 cancer-related mortal-
ity [2]. The majority of BLCA patients are non-muscle-
invasive [3]. Because these two forms of BLCA have
fundamentally different biological features, there are
major differences in disease onset, overall survival sta-
tus, and therapeutic regimens [4]. Radical cystectomy
is the primary therapeutic strategy for BLCA patients;
however, it has a high postoperative recurrence rate, a
high incidence of distant metastases, and a low 5-year
survival rate [5]. Therefore, it is urgent to develop
novel biomarkers that may be used in early diagnosis,
prognostic evaluation, and therapy to improve the sur-
vival outcomes of BLCA patients.

The pituitary tumor-transforming gene (PTTG)
transcriptional factor (TF) is an oncogenic gene first
isolated and discovered in rat cell lines [6]. According
to the sequence in which they were identified, there
are three PTTG isoforms, namely PTTG1, PTTG2, and
PTTG3 [7]. PTTGL1 is a multifunctional protein impli-
cated and overexpressed in various endocrine-related
malignancies, namely pituitary [8], uterine [9], breast
[10], and ovarian tumors [11]. Previous research has
linked it to the passage of numerous cancer cell types
through the metaphase-anaphase transition in the cell
cycle process [12, 13]. In addition, PTTG1 is substan-
tially connected with tumor invasiveness and is known
to be a crucial gene associated with tumor metastasis,
whose expression levels in normal human tissue are
low [14]. Moreover, PTTG1 could promote the pro-
liferation and metastasis potential of several human
tumor types, such as colon cancer [15], esophageal
cancer [16], and lung cancer [17], which suggests the
pro-tumor role of PTTG1. However, the clinical signif-
icance and potential transcriptional regulatory mecha-
nisms of PTTG1 in BLCA are still unclear and require
further investigation.

Therefore, the goals of this study were to evaluate
the overall expression level of PTTG1 in BLCA tissues
and to investigate its potential clinical value in BLCA
patients, as well as the relationship between PTTG1
and tumor immune infiltration, and its transcriptional
activity in BLCA tissues.

Methods

BLCA tissue samples

Surgery-dissected BLCA and normal bladder tissue spec-
imens were collected from the First Affiliated Hospital of
Guangxi Medical University. The inclusion criteria were
as follows, (I) the pathological type of BLCA tissue sam-
ples should be transitional cell carcinoma; (II) sufficient
tissue samples should be prepared for performing tis-
sue microarray and immunohistochemical staining. This
study had been approved by the Ethics Committee of the
First Affiliated Hospital of Guangxi Medical University
(2022-KT-GUOJI-146).

In-house immunohistochemistry

To explore the protein expression status of PTTG1 in
BLCA, immunohistochemical staining was conducted by
using the in-house BLCA and non-BLCA tissue samples.
The rabbit polyclonal antibody to PTTG1 (#orb374037)
was purchased from Biorybt Co., Ltd. (https://www.biorb
yt.com/).

The human protein atlas (THPA)

The protein expression of PTTG1 in BLCA tissues and
normal bladder tissues was also inquired by using THPA
(https://www.proteinatlas.org/). A total of two kinds
of antibodies were selected, including HPA045034 and
CAB008373.

Cancer dependency map (DepMap)

The DepMap portal (https://depmap.org/portal/) enables
researchers to have a broad view of genetic and pharma-
cologic dependencies in cancers [18]. DepMap provides
large-scale clustered regularly interspaced short palin-
dromic repeats (CRISPR) screen resources, which helps
in depicting the roadmap of oncology therapeutic targets
[19]. Herein, DepMap was used to validate the expres-
sion of PTTG1 mRNA in a total of 36 BLCA cell lines.
Moreover, PTTG1 CRISPR knockout and RNA interfer-
ence (RNAi) knockout data were downloaded from Dep-
Map to explore the perturbation effects that PTTG1 has
on BLCA cell lines.

Public transcriptome database

Global BLCA gene microarrays and mRNA sequencing
data sets were downloaded from the Gene Expression
Omnibus (GEO), ArrayExpress, The Cancer Genome
Atlas (TCGA), and The Genotype-Tissue Expression
project. The inclusion standards were set as follows, (I)
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the specimen should be human primary BLCA tissue;
(II) each platform data set should contain no less than
three BLCA samples and three non-BLCA samples. The
exclusion standards were as follows, (I) the probe ID
annotation information was missing; (II) the patient had
received preoperative treatment. The enrolled data sets
were assigned into different groups according to the affil-
iated platform. The data sets in each platform were inte-
grated into a larger matrix, named platform matrix. The
generated batch effect was removed by using Limma-
voom and sva packages.

Differential expression analysis

To portray the global BLCA differentially expressed
genes (DEGs) map, the included platform matrices were
utilized for calculating standardized mean difference
(SMD). Up-regulated gene and down-regulated gene
were defined as follows, (I) up-regulated gene: SMD >0,
P<0.05; (II) down-regulated gene: SMD <0, P<0.05.

Prognostic analysis

TCGA-BLCA patients were assigned to the PTTG1 high
expression group and low expression group according
to the optimal cutoff value. Overall survival (OS) and
disease-free survival (DFS) Kaplan-Meier survival analy-
sis were conducted to appraise the prognostic value of
PTTG1 in BLCA patients by using the Kaplan-Meier
Plotter (https://kmplot.com/analysis/index.php?p=servi
ce&cancer=pancancer_rnaseq).

Microenvironment cell populations-counter (MCP-counter)
The tumor microenvironment (TME) takes an impor-
tant part in the pathogenesis of malignant tumors [20].
The MCP-counter algorithm helps in the cell infiltration
quantification of eight immune cells and two stromal
cells [21]. The author first downloaded the level three
TCGA-BLCA fragments per kilobase of transcript per
million fragments mapped (FPKM) data, which were
transformed into transcripts per million (TPM) data
subsequently. The immune infiltration levels of immune
and stromal cells of TCGA-BLCA patients were quanti-
fied. Immune, stromal, estimate, and tumor purity scores
were calculated by using a method called Estimation of
STromal and Immune cells in MAlignant Tumours using
Expression data (ESTIMATE) [22]. Finally, the corre-
lations between PTTG1, as well as its targeting genes,
and immune cells were validated by using the TIMER
(https://cistrome.shinyapps.io/timer/) analysis tool.

Single-cell RNA sequencing (scRNA-seq) dataset analysis

BLCA scRNA-seq dataset GSE135337 was downloaded
from GEO [23]. GSE135337 included the single cells
mRNA profiles of seven primary BLCA male patients
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(10X Genomics platform). A total of seven mRNA pro-
files were aggregated, filtered, and normalized. The fil-
tered criteria were feature RNA >50 and mitochondria
percentage < 5. After principal component (PC) analysis,
a total of 16 PC were selected for performing t-distrib-
uted Stochastic Neighbor Embedding (tSNE) nonlinear
dimensionality reduction analysis. The marker genes of
each clustered cell population were identified and were
annotated by using the SingleR package. Subsequently,
epithelial cells were selected for pseudotime analysis by
using monocle, and the cell fate-related genes were iden-
tified and functionally annotated by Gene Ontology.

Chromatin immunoprecipitation followed by sequencing
(ChIP-seq) data analysis

The putative transcriptional targets of PTTG1 were
downloaded from CistromeDB (http://cistrome.org/
db/#/) (ID: 63264 and 63265) [24, 25]. The transcrip-
tional targets of PTTG1 were acquired by intersecting
cell fate-related genes, BLCA DEGs, and putative TF tar-
gets. The interaction network between PTTG1 TF and
the intersected targets was analyzed by using STRING
v11.5 (https://string-db.org/) [26]. The most closely inter-
acted genes were predicted to be PTTGI transcriptional
targets.

Functional enrichment analysis

The author performed functional enrichment analysis to
explore the potential roles of PTTG1 in cancer pheno-
types by interacting with different targets. TCGA-BLCA
patients were assigned to the high expression group
or the low expression group according to the expres-
sion value of PTTGI targets. Limma package was used
to conduct differential expression analysis. The identi-
fied DEGs between such groups, which were regarded as
PTTG1-target-related genes, were functionally enriched
by Gene Ontology and Kyoto Encyclopedia of Genes and
Genomes.

DNA methylation analysis

The DNA methylation levels of PTTG1, as well as its
transcriptional targets, were analyzed by using MethSurv
(https://biit.cs.ut.ee/methsurv/) [27-29]. Kaplan-Meier
survival analysis was performed to appraise the prog-
nostic value of PTTG1 methylation. Moreover, the cor-
relation between PTTG1 mRNA expression level and
PTTG1 methylation level was investigated by using cBio-
Portal (https://www.cbioportal.org/).

Connectivity map (CMap)

To identify several potential small molecules for treating
BLCA cells, drug repurposing analysis was performed by
using the Connectivity Map (CMap) analysis tool [30].
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Using the up-regulated transcriptional targets of PTTG1
as gene set input, the prospective therapeutic molecules
for treating BLCA cells were identified by calculating the
connectivity scores. A negative score indicates that the
aberrant overexpression of PTTG1 targets may be coun-
teracted by the identified small molecules.

Statistical analysis

All the statistical analyses were completed by using R
v4.0.4. Wilcoxon or Kruskal-Wallis tests were selected
to compare the difference in PTTG1 expression levels
between two or more than three groups. According to
the result of the heterogeneity test, a fixed or randomized
effect model was selected for pooling SMD values (a
fixed-effect model for IZ <50%, while a randomized effect
model for I>50%). The discriminatory ability of PTTG1
was appraised by integrating true positive, false positive,
false negative, and true negative rates into a summary
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receiver operating characteristic curve. The area under
the curve (AUC) was used to indicate the discriminatory
ability of PTTG1, where AUC <0.7, 0.7 < AUC <0.9, and
AUC > 0.9 represented a weak, moderate, and strong
ability.

Results

PTTG1 over-expression in BLCA tissue and cells

A total of 47 BLCA and 10 non-BLCA tissue specimens
were utilized to perform in-house immunohistochemi-
cal staining. PTTG1 antibody was strongly stained in
BLCA tissue as opposed to non-BLCA control tissue
(Fig. 1). Consistently, according to the immunohisto-
chemical result from THPA, the PTTG1 antibody was
moderately stained in the urothelial carcinoma of the
bladder and was lowly stained or not detected in normal
or inflammatory bladder tissue (Antibody: HPA045034
and CAB008373) (Fig. 2), which confirmed the elevated
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Fig. 1 Over-expression of PTTG1 protein in bladder carcinoma tissue. In-house immunohistochemistry was conducted to explore the protein

expression level of PTTG1, and PTTG1 protein was overexpressed in bladder carcinoma (BLCA) tissue samples when compared with non-BLCA tissue
samples
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Fig. 2 Over-expression of PTTG1 protein in the urothelial carcinoma of the bladder. The protein expression level of PTTG1 was confirmed by the
immunohistochemistry result from the human protein atlas. PTTG1 protein was moderately stained in the urothelial carcinoma of the bladder and
was lowly stained or not detected in normal or inflammatory bladder tissue (Antibody: HPA045034 and CAB008373)

protein expression levels of PTTGI1 in BLCA. Moreover,
it was observed that PTTGI localized predominantly
in the cytoplasm and partially localized in the nucleus,
which could be inferred from in-house immunohisto-
chemistry and THPA results (https://www.proteinatlas.
org/ENSG00000164611-PTTG1/subcellular).
Furthermore, the increased expression level of PTTG1
mRNA was supported by gene microarrays and mRNA
sequencing data sets (Fig. 3A). The overall expression
trend of PTTGI in BLCA was assessed in global BLCA
tissue samples. In general, the expression level of PTTG1
was significantly increased in 1037 BLCA tissue samples
compared with 127 non-BLCA control tissue samples,

with an SMD of 1.04 [0.17, 1.91] (Fig. 3B). No bias was
observed (Fig. 3C). However, the forest plot result of sen-
sitive analysis implied that the SMD result may be unsta-
ble (Fig. 3D). Therefore, more experimental verification is
needed in the future.

As is shown in Fig. 4A, the relative expression levels of
PTTG1 mRNA were also compared in pan-cancer cell
lines. PTTG1 mRNA was broadly expressed in a series
of BLCA cell lines (Fig. 4B). More importantly, the pro-
tumor role of PTTG1 was preliminarily investigated in
BLCA cell lines. As is shown in Fig. S1A, the CRISPR
knockout Chronos gene effect scores of PTTG1 were all
less than zero in BLCA cell lines, indicating that PTTG1
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Fig. 3 Significant over-expression of PTTG1 mRNA in bladder carcinoma tissue samples. A The transcriptome data from TCGA, GEO, and
ArrayExpress implied an increased expression trend of PTTGT mRNA in bladder carcinoma tissue samples. B PTTG1 was significantly up-regulated
in global bladder carcinoma tissue specimens. C Begg's funnel plot. Insignificant bias was detected (P >0.05). D Forest plot of sensitive analysis. The
standardized mean difference result may be unstable
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Fig. 4 Over-expression verification of PTTG1 in bladder carcinoma cell lines. A The relative expression levels of PTTGT mRNA were compared in
pan-cancer cell lines. B PTTG1T mRNA was broadly expressed in a series of bladder carcinoma cell lines

deletion may suppress the proliferation and survival of
BLCA cells. Additionally, the RNAi knockout result also
showed that PTTG1 was essential for the survival of
BLCA cell lines (RNAi DEMETER2 score <0, Fig. S1B).

Potential clinical value of PTTG1 in BLCA patients

In subsequent analysis, the authors explored the poten-
tial clinical implication of PTTG1 in BLCA patients.
PTTG1 showed a strong discriminatory ability between
BLCA tissue samples and normal bladder tissue sam-
ples (Fig. 5A-D, Fig. 6A), with an AUC value of 0.93, a
high sensitivity (0.89 [0.81, 0.95]), and a high specificity

(0.82 [0.70, 0.93]). The accuracy of PTTGI in differ-
entiating BLCA from normal tissue samples was con-
firmed by a high positive likelihood ratio (6.11 [2.73,
15.71]) and a low negative likelihood ratio (0.13 [0.05,
0.26]). Additionally, higher PTTG1 mRNA levels pres-
aged worse OS probability in the TCGA-BLCA cohort
(sample size: 404) (Fig. 6B). Although insignificant,
higher PTTG1 mRNA levels tended to show poorer
DES outcomes (sample size: 187) (Fig. 6C). The result
of the time-dependent receiver operating characteristic
curve showed the weak prognostic ability of PTTG1 in
the TCGA-BLCA cohort (Fig. 6D).
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Fig. 5 A strong discriminatory ability of PTTG1 in bladder carcinoma tissue samples. PTTG1 showed a strong discriminatory ability between
bladder carcinoma tissue samples and normal bladder tissue samples, with a high sensitivity (A) and a high specificity (B). The accuracy of PTTG1
in differentiating bladder carcinoma from normal tissue samples was confirmed by a high positive likelihood ratio (C) and a low negative likelihood
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Association between PTTG1 expression and BLCA TME

As is shown in Fig. 7A, the author first compared the
immune microenvironment and clinical phenotypes
among normal bladder tissue, PTTG1 low expres-
sion BLCA tissue, and PTTG1 high expression BLCA
tissue samples. It was observed that higher PTTGI1
mRNA expression levels indicated higher natural killer
(NK), cytotoxic lymphocyte, and monocyte lineage cell
infiltration levels, and it indicated lower neutrophils
and endothelial cell infiltration levels (Fig. 7B). Addi-
tionally, according to the result of TIMER, the PTTG1
expression level positively correlated to the infiltration
degrees of CD8" T cells (R=0.302, P=3.64e—9) and
dendritic cells (R=0.416, P=1.12e— 16) (Fig. S2). The
immune score was significantly lower in low PTTG1
mRNA expression BLCA tissue samples than that in
high PTTG1 mRNA expression BLCA tissue samples
or normal bladder tissue samples (Fig. 7C). However,
no difference was detected in the stromal score of
low PTTG1 mRNA expression BLCA tissue samples
than that in high PTTG1 mRNA expression BLCA tis-
sue samples (Fig. 7C). Moreover, a high stromal score
predicted a poor prognosis in BLCA patients (Fig. 7D).

The prognostic value of the immune score in BLCA
patients was insignificant (Fig. 7E).

Prospective transcriptional mechanisms of PTTG1 in BLCA
at the single-cell resolution

Given the intimate association between PTTGI1 and
BLCA, the author subsequently explored its potential
transcriptional mechanisms underlying BLCA. Single
cells from seven BLCA patients were clustered and anno-
tated by using GSE135337 scRNA-seq profile, where
cancerous epithelial cells were the predominant cell
types (Fig. 8A). We tried to identify the cell distribution
of PTTGI expression, and it was found that PTTG1 was
mainly expressed in the epithelial cells (Fig. 8B). Next,
epithelial cells from BLCA tissues were subsetted for per-
forming pseudotime analysis, through which we could
infer the cell fate of cancerous cells and remodel the pro-
cess of cell changes over time (Fig. 8C). Figure 8D showed
the gene expression heatmap in the epithelial cells along
the pseudotime direction. The cell fate-related DEGs
were functionally clustered in the negative regulation of
cell cycle process, nuclear-transcribed mRNA catabolic
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process, nonsense-mediated decay, response to topologi-
cally incorrect protein, and RNA splicing.

Finally, a total of 73 genes were preserved by inter-
secting cell fate-related DEGs, BLCA DEGs, and
putative TF targets. By studying the protein-protein
interaction network, CHEK2 (checkpoint kinase 2),
OCIAD2 (OCIA domain containing 2), UBE2L3 (ubig-
uitin-conjugating enzyme E2 L3), and ZNF367 (zinc
finger protein 367) were predicted to be the tran-
scriptional targets of PTTG1 in BLCA (Fig. 9A). More
importantly, ChIP-seq data were used to explore the
binding peak of PTTGL1 in the promoter regions of such
four targets (Fig. 9B), indicating the transcriptional
regulatory relationship between them. We also prelimi-
narily validated the transcriptional targets of PTTG1

in BLCA by differential and co-expression analysis. As
is shown in Fig. S3, CHEK2, OCIAD2, UBE2L3, and
ZNF367 all displayed increased expression trends in the
TCGA-BLCA cohort. Moreover, the over-expression of
such targets was certified by the global BLCA mRNA
datasets (CHEK2: SMD =0.75; OCIAD2: SMD =1.38;
UBE2L3: SMD =0.58; ZNF367: SMD =0.59) (Fig. 10).
Furthermore, there was a significant positive correla-
tion between PTTG1 and such four targets (CHEK2:
Spearman R=0.44; OCIAD2: Spearman R=0.32;
UBE2L3: Spearman R=0.37; and ZNF367: Spear-
man R=0.61), thus suggesting that PTTG1 may posi-
tively regulate the transcriptional activity of CHEK2,
OCIAD2, UBE2L3, and ZNF367 targets.
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Fig. 7 Potential association between PTTG1 and tumor microenvironment in bladder cancer tissue samples. The immune infiltration levels

of immune and stromal cells of TCGA-BLCA patients were quantified by using the Microenvironment cell populations-counter algorithm. A

The immune microenvironment and clinical phenotypes were compared in normal bladder tissues, PTTG1 low expression bladder cancer

tissue samples, and PTTG1 high expression bladder cancer tissue samples. B Higher PTTGT mRNA expression levels indicated higher natural killer,
cytotoxic lymphocyte, and monocyte lineage cell infiltration levels, and indicated lower neutrophils and endothelial cell infiltration levels. C The
immune score was significantly lower in low PTTGT mRNA expression bladder cancer tissue samples than that in high PTTGT mRNA expression
bladder cancer tissue samples or normal bladder tissue samples. However, no difference was detected in the stromal score of low PTTG1T mRNA
expression bladder cancer tissue samples than that in high PTTG1 mRNA expression bladder cancer tissue samples (P<0.05). D A high stromal
score predicted poor prognosis in bladder carcinoma patients. E The prognostic value of the immune score in bladder carcinoma was insignificant

Intriguingly, in-depth functional enrichment result
indicated that PTTG1 played different roles by target-
ing CHEK2, OCIAD2, UBE2L3, and ZNF367 genes.
It was observed that CHEK2, OCIAD2, and UBE2L3-
related genes were significantly accumulated in the
humoral immune response (Fig. 11A-C). Regarding

ZNF367-related genes, cell cycle, arachidonic acid
metabolism, and bladder cancer were the predominantly
enriched pathways (Fig. 11D). Therefore, PTTG1 target-
ing CHEK2, OCIAD?2, UBE2L3, and ZNF367 genes may
participate in the development of BLCA.
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The author also evaluated the BLCA prognosis pre-
diction implication of PTTG1 methylation level sub-
sequently. Intriguingly, high methylation levels of
PTTG], as well as its potential transcriptional targets
(i.e., CHEK2, OCIAD2, UBE2L3, and ZNF367), could
predict the poor prognosis of BLCA patients preferably
(P<0.05) (Figs. S4-S7). Among them, the methylation
levels of OCIAD2, UBE2L3, and ZNF367 were negatively
correlated to their mRNA expression levels, accordingly
(OCIAD2: Spearman R = — 0.33; UBE2L3: Spearman R
= — 047; and ZNF367: Spearman R = — 0.23). Taken
together, the methylation levels of PTTGI, as well as its
targets, may be useful in the prognosis stratification of
BLCA patients.

Promising small molecules for BLCA treatment

As is shown in Table 1, several perturbations were iden-
tified by targeting the transcriptional regulatory network
of PTTG1. Among them, formestane has been put into
use in the clinical treatment of breast cancer patients [31,
32]. Additionally, reparixin could disrupt the cancer stem
cell properties in oral squamous cell carcinoma [33]. In
this setting, our study may provide a novel direction for
treating BLCA cells by drug repurposing analysis. How-
ever, more experimental verification is needed.

Discussion

Herein, the authors investigated the global expression
status and prospective transcriptional regulation mecha-
nisms of PTTGI in BLCA. PTTG1 was significantly over-
expressed in 1037 BLCA tissue samples and showed a
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strong ability in distinguishing BLCA tissue from normal
bladder tissue. High PTTG1 expression showed increased
antitumor activity in BLCA tissues, with elevated infiltra-
tion levels of NK, cytotoxic lymphocytes, and monocytic
lineage cells. More importantly, the authors preliminar-
ily identified the positive transcriptional activity between
PTTG1 and CHEK2, OCIAD2, UBE2L3, and ZNF367.
The over-expression trend of PTTG1 in BLCA was
certified using multi-faceted data sets. To probe the
comprehensive expression status of PTTG1 in BLCA
tissue samples, we made full use of the in-house immu-
nohistochemistry data and external expression matrices,
and a total of 1037 BLCA tissue specimens, as well as 127
normal bladder tissue specimens, were integrated. Con-
sistently, we observed the increased expression trends
of PTTG1 at both tissue and cell levels. Additionally,
PTTG1 mRNA may be a strong distinguishing biomarker
for BLCA and its over-expression could presage poor OS
conditions in BLCA patients. Moreover, the methyla-
tion level of PTTGI could be used to forecast the poor

prognosis of BLCA patients. In summary, it is suggested
that PTTG1 mRNA over-expression may operate as a
cancer-promoting factor and could have the potential to
be a predictor of poor prognosis in BLCA.

Furthermore, the potential PTTG1 activity in BLCA
TME was investigated. As is well known, the abnormal
TME is a hotbed for cancer initiation and progression
[34], where immune and stromal cells take an impor-
tant part [35]. Among them, the mononuclear phago-
cyte system constitutes an essential part of human tumor
immunity; and cytotoxic lymphocytes, together with NK
cells, constitute an important defense line in anti-tumor
immunity [36]. A previous study reported that higher
PTTG1 expression could be found in the CD," and CDg"
T lymphocytes of adult T-cell leukemia patients than that
of healthy subjects [37], which implied an intimate asso-
ciation between PTTG1 and lymphocytes. According to
Rostyslav Stoika et al., the mRNA abundance of PTTG1
corresponded to the increase in S-phase cells during the
activation of T lymphocytes [38], which suggested that
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Fig. 10 Global expression trends of PTTG1 transcriptional targets in BLCA tissue. CHEK2, OCIAD2, UBE2L3, and ZNF367 were significantly
up-regulated in BLCA tissue samples. BLCA, bladder carcinoma
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Fig. 11 Functional enrichment of PTTG1 transcriptional targets in BLCA tissue. Differentially expressed genes (DEGs) associated with CHEK2,
OCIAD2, UBE2L3, and ZNF367 were identified from the TCGA-BLCA cohort study. The prospective biological functions of these PTTG1 targets were
annotated. A. CHEK2-related DEGs were significantly enriched in the antibacterial humoral response. B. OCIAD2-related DEGs were significantly
enriched in the complement activation (classical pathway). C. UBE2L3-related DEGs were significantly enriched in the phagocytosis and recognition.
D. ZNF367-related DEGs were significantly enriched in the cell cycle pathway. BLCA, bladder carcinoma

group in BLCA tissue samples. Moreover, there was a
positive association between the mRNA expression lev-
els of PTTG1 and dendritic cell infiltration levels, which

PTTGI expression may follow the cell cycling patterns
in T cells. In the present study, a high PTTG1 mRNA
expression group was shown to be enriched with NK,

cytotoxic lymphocyte, and monocyte lineage cells in
BLCA patients. Furthermore, the immune score was sig-
nificantly higher in the high PTTG1 mRNA expression
group than that in the low PTTG1 mRNA expression

reflexed the antigen-presenting activity in BLCA tissue.
In this setting, we inferred that PTTG1 may serve as an
oncogene and possess immunogenicity in BLCA, which
has the potential to be designed as an mRNA vaccine
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Table 1 Potential small molecules for treating bladder cancer cells by targeting the PTTG1 transcriptional regulatory network

Perturbagen Cell line Dose Time Sample Description Target Raw CS Normalized CS —log,0q
MAP3K9 AALE / 96h 3 / / —0.59 —2.14 15.65
TGFA HATE 10ng/ml 4h 3 / / —0.58 —2.12 15.65
MAX SALE / 9%h 3 / / —0.59 —2.12 15.65
Reparixin HT29 0.03uM 24h 2 CC chemokine CXCRT|CXCR2 —0.58 =21 15.65

receptor antago-

nist
RELB HT29 / 96h 3 / / —0.58 —2.09 15.65
KIAA0494 HT29 TuL 96h 3 / / —0.58 —2.09 15.65
OTUD7A HT29 1 uL 9%h 3 / / —0.58 —2.09 15.65
XPO7 HT29 / 9%h 2 / / —0.57 —2.08 15.65
ILTRAP A375 / 9%h 2 / / —057 —2.07 15.65
BRD-A47816767 HT29 10 uM 24h 3 / / —0.57 —2.07 15.65
BRD-K51126483 VCAP 10 uM 6h 4 / / —057 —2.06 15.65
BRD-K36772364 HCC515 10 uM 6h 3 / / —0.57 —2.06 15.65
Formestane A375 10 uM 6h 3 Selectively ste- / —057 —2.06 15.65

roidal aromatase

inhibitor (type I)
BRD-K68657207 VCAP 4 uM 24h 3 / / —0.57 —2.05 15.65
TCEAL4 MCF7 / 96h 2 / / —0.56 —2.04 15.65

CS connectivity score

in the future. Intriguingly, it has been shown that SP17/
AKAP4/PTTG1 could induce an immunogenic response
in non-small cell lung cancer patients [39]. Moreo-
ver, a high expression level of PTTG1 was correlated to
the immune checkpoint response in the papillary renal
cell carcinoma cohort [40]. Such evidence pointed out
that PTTG1 may be a promising immunotherapeutic tar-
get for BLCA patients. More experiments are required
to be performed to promote the research of novel cancer
vaccines for BLCA in future studies.

The prospective transcriptional mechanisms of
PTTGI were preliminarily portrayed in BLCA. CHEK?2,
OCIAD2, UBE2L3, and ZNF367 were predicted to
be four positive transcriptional targets of PTTG1
in BLCA. Multiple studies have reported these four
transcriptional targets of PTTG1 in tumor tissue. For
instance, researchers performed immunohistochemi-
cal staining in BLCA samples and showed that CHEK2
protein expression surpassed 11% in 115 out of 126
BLCA tissue specimens [41]. Additionally, CHEK2
mutation was reported to be a risk factor for the recur-
rence of BLCA [42]. Similarly, OCIAD2, UBE2L3, and
ZNF367 also displayed intimate association with cancer
development. In previous function assays, OCIAD2 was
shown to be essential for the activation of signal trans-
ducer and activator of transcription 3 and cell migra-
tion, which suggested that OCIAD2 may contribute to
the metastasis of cancer cells [43]. In liver cancer and

oral squamous cell carcinoma, UBE2L3 was reported
to be an important pro-tumorigenic factor in carcino-
genesis [44, 45] and may be a potential treatment target
for hepatocellular carcinoma [46]. Moreover, ZNF367
could induce the transcriptional activation of kinesin
family member 15, leading to elevated cell viability and
invasion ability in breast cancer cells [47]. Nonethe-
less, the biological functions of OCIAD2, UBE2L3, and
ZNF367 in BLCA remained obscure, and more experi-
mental exploration is required to understand their roles
in BLCA development. Generally, the predicted tran-
scriptional mechanism results supported the previous
speculation that over-expression of PTTG1 seemed to
be associated with the initiation and development of
BLCA.

However, as is implicated by the in-house immuno-
histochemistry and THPA results, the gene product of
PTTG1 belongs to a cytosolic protein, although it is par-
tially localized in the nucleus; this raised an interesting
question that how PTTG1 could regulate the transcrip-
tion of its targeted genes. Surprisingly, as a global tran-
scriptional factor, PTTGI could, directly and indirectly,
induce the expression of genes and promote tumor
development [48]. For instance, PTTG1 could bind to
the c-Myc promoter region and activate c-Myc onco-
gene transcription, which resulted in cellular transfor-
mation and tumorigenesis [49, 50]. Additionally, PTTG1
also interacted with the other transcription factors. It
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was confirmed that PTTG1 interacted with the p53
transcription factor and inhibited its specific binding to
DNA, thus blocking the transcriptional activity of the
p53 tumor suppresser gene [51]. Moreover, PTTGI func-
tioned coordinately with Spl and up-regulated cyclin
D3, promoting G1/S phase transition [52]. In this con-
text, PTTG1 may regulate the transcription of targeted
genes by direct and indirect interaction. In the future, it
is important to investigate whether there is any activator/
ligand or signaling mechanism translocating the cyto-
plasm PTTG] to the nucleus.

The present study has numerous highlights. Using inte-
grated in-house immunohistochemical data from our
institution, TCGA, ArrayExpress, and GEO datasets, we
fully discovered PTTG1 over-expression in BLCA and
its potential as a biomarker and prognostic value. Our
study may reveal a novel direction for the transcriptional
mechanism investigation of PTTG1 in BLCA. The limi-
tations of this study could not be overlooked. First, even
though we combined datasets from multiple sources, the
high-degree heterogeneity could not be eliminated by the
randomized effect model. Second, the total sample size
was limited, and more experimental studies must be car-
ried out in the future to functionally validate the onco-
gene role of PTTG1 in BLCA. More evidence should be
supplemented in future research to certify the transcrip-
tional roles of PTTG1 in BLCA.

Conclusions

PTTG1 mRNA over-expression may become a potential
biomarker for BLCA prognosis. Additionally, PTTG1
may correlate with the BLCA tumor microenvironment
and exert transcriptional activity by targeting CHEK?2,
OCIAD2, UBE2L3, and ZNF367 in BLCA tissue.
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