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Abstract: Objectives: Lung adenocarcinoma (LUAD) is a prevalent form of non-small cell lung cancer with high mor-
bidity and mortality rates. Identifying molecular markers and therapeutic targets is crucial for improving LUAD di-
agnosis and treatment. Pituitary tumor-transforming gene (PTTG) family members, PTTG1, PTTG2, and PTTG3P,
have been linked to several malignancies; however, it is unclear how these genes relate to LUAD. The current
retrospective study investigates the diagnostic, prognostic, and therapeutic importance of PTTG genes in LUAD.
Methods: We used detailed in silico and in vitro experiments involving cell lines for experimental design. Results:
Using RT-qPCR, we documented that PTTG1, PTTG2, and PTTG3P are significantly up-regulated in LUAD cell lines
compared to controls, with PTTG2 showing the highest diagnostic potential (AUC = 1.0). Promoter methylation analy-
sis revealed hypomethylation in LUAD samples, particularly for PTTG3P, further supporting its diagnostic relevance.
Immunohistochemical staining confirmed overexpression of PTTG1 and PTTG2 proteins in LUAD tissue samples.
The mutational analysis highlighted PTTG2 as the most frequently mutated gene within the PTTG family in LUAD
samples, with mutations primarily being missense types. Survival analysis demonstrated that high expression of
PTTG genes is associated with poorer overall survival, indicating their prognostic value. Gene enrichment analy-
sis suggested that PTTG genes are involved in critical cancer-related pathways and cellular processes. Functional
assays following siRNA-mediated knockdown of PTTG genes in A549 cells showed a significant reduction in cell
proliferation. Lastly, drug sensitivity analysis revealed strong correlations between PTTG1/PTTG3P expression and
resistance to various anticancer drugs. Conclusion: The findings of the current study highlight the potential of PTTG
genes as diagnostic biomarkers, prognostic indicators, and therapeutic targets in LUAD.
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Introduction nonsmokers and younger populations [3]. LUAD
arises primarily from the epithelial cells lining
the alveoli and bronchioles of the lung and is
characterized by its aggressive nature, early
metastasis, and resistance to conventional

therapies [4, 5]. The increasing incidence of

Lung adenocarcinoma (LUAD) is the most prev-
alent form of lung cancer, representing a signifi-
cant global health burden [1, 2]. It contributes
significantly to the mortality and morbidity

caused by cancer globally [2]. In 2023, despite
advancements in diagnostic and therapeutic
approaches, LUAD remains a leading cause of
cancer-related deaths worldwide. It accounts
for approximately 40% of all lung cancer cases,
with a notable increase in incidence among

LUAD, particularly among nonsmokers, empha-
sizes the urgent need for effective diagnostic,
prognostic, and therapeutic strategies [6].

Several studies have demonstrated the critical
role that genetic and molecular variables play in
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the development of LUAD, including changes to
tumor suppressor genes and oncogenes [7, 8].
Among the numerous molecular targets under
investigation, the Pituitary Tumor Transforming
Gene (PTTG) family has garnered significant
attention [9]. The PTTG family, comprising
PTTG1 (PTTG) and its homolog PTTG2 (securin),
plays a crucial role in cell cycle regulation, chro-
mosomal stability, and genomic integrity [10].
These genes have been implicated in the pro-
gression of various cancers, including breast,
prostate, and thyroid cancers, where their over-
expression is often associated with poor prog-
nosis and increased tumor aggressiveness
[11].

The role of PTTG genes in the context of LUAD
has not been fully investigated. PTTG1 can
boost oncogenic processes by promoting cell
proliferation, suppressing apoptosis, and en-
abling chromosomal instability, as previous
investigations in various cancer types have
shown [12, 13]. Additionally, the up-regulation
of PTTG1 has been correlated with advanced
tumor stage, lymph node metastasis, and
reduced survival rates in several cancers [14-
16]. However, the exact mechanisms through
which PTTG genes influence the development
and progression of LUAD remain inadequately
understood, and there is a paucity of data on
their diagnostic and therapeutic potential in
this context.

This study aims to fill this gap by comprehen-
sively analyzing the expression patterns, prog-
nostic implications, and potential therapeutic
targets of PTTG family genes in LUAD. We aim
to clarify the function of PTTG genes in LUAD
pathogenesis and investigate their potential
as diagnostic and therapeutic targeting bio-
markers by a thorough analysis of genomic
databases and experimental models. Our
research may lead to the development of inno-
vative diagnostic techniques and therapeutic
approaches, which would eventually improve
the clinical results for LUAD patients.

Methodology
Cell culture

For the current retrospective study, 10 LUAD
cell lines, Ab49, H1299, H1975, HCC827,
H1650, H2228, H358, H460, PC-9, Calu-3, and
5 normal control lung cell lines, BEAS-2B,
WI-38, MRC-5, NHLF, and CCD-19Lu were pur-
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chased from the American Type Culture
Collection (ATCC). All LUAD cell lines were cul-
tured in RPMI-1640 medium, supplemented
with 10% fetal bovine serum (FBS), and 1%
penicillin-streptomycin, at 37°C in a 5% CO,
atmosphere. While, BEAS-2B cells were grown
in Bronchial Epithelial Cell Growth Medium
(BEGM), WI-38, MRC-5, and CCD-19Lu were
cultured in EMEM with 10% FBS and 1% penicil-
lin-streptomycin. Lastly, NHLF cells were main-
tained in a Fibroblast Growth Medium (FGM)
with 10% FBS and 1% penicillin-streptomycin.

Nucleic acid extraction

DNA was extracted using the organic method
[17] while RNA was extracted using the TRIzol
method [18].

Expression analysis of PTTG genes and other
key genes

We used RT-gPCR to examine the expression of
four other genes in this section of the study in
addition to the PTTG genes, which are EGFR,
KRAS, TP53, and MMP9. These genes were
chosen because they are essential for vital pro-
cesses connected to cancer, including inva-
sion, migration, survival, and proliferation of
cells. To create complementary DNA (cDNA),
the RNA was reverse-transcribed using the
PrimeScript™ RT reagent kit that included a
gDNA Eraser (RRO47A, TaKaRa, China).

Using a CFX96 real-time PCR detection system,
RT-gPCR was carried out using TB Green®
Premix Ex TagTM Il (RR820A, TaKaRa, China).
The 2-AACt technique was utilized to determine
the relative mRNA expression levels of PTTG1,
PTTG2, and PTTG3P in LUAD cells. The expres-
sion levels were then normalized to the en-
dogenous control, glyceraldehyde 3-phosphate
dehydrogenase (GAPDH). The following is a list
of the primers utilized in this investigation.

GAPDH-F:5-ACCCACTCCTCCACCTTTGAC-3’,GA-
PDH-R: 5-CTGTTGCTGTAGCCAAATTCG-3’; PTT-
G1-F: 5-GCTTTGGGAACTGTCAACAGAGC-3’, PT-
TG1-R: 5-CTGGATAGGCATCATCTGAGGC-3’; PT-
TG2-F: 5-CTTTGGGCACTGTCAACAGAGC-3’, PT-
TG2-R: 5-TCTGGATAGGCGTCATCTGAGG-3’; PTT-
G3P-F:5-CTGCCTGAAGAGCACCAGATTG-3', PTT-
G3P-R: 5'-CATGGTGGAGAGGGCATCTTCA-3’; EG-
FR-F: 5-AACACCCTGGTCTGGAAGTACG-3’, EG-
FR-R: 5-TCGTTGGACAGCCTTCAAGACC-3’; KR-
AS-F: 5'-CAGTAGACACAAAACAGGCTCAG-3’, KR-
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AS-R: 5-TGTCGGATCTCCCTCACCAATG-3’; TP-
53-F: 5-CCTCAGCATCTTATCCGAGTGG-3’, TP-
53-R: 5 - TGGATGGTGGTACAGTCAGAGC-3’; MM-
P9-F: 5-GCCACTACTGTGCCTTTGAGTC-3’, MM-
P9-R: 5’-CCCTCAGAGAATCGCCAGTACT-3'.

Bisulfite sequencing analysis

The first step of bisulfite sequencing involved
the fragmentation of 1 ug of total DNA into
fragments of approximately 200-300 bp using
the Covarias sonication system (Covarias,
Woburn, MA, USA). After that, a variety of
enzymes, including T4 DNA polymerase, Kle-
now Fragment, and T4 polynucleotide kinase,
helped the DNA fragments go through several
activities, including blunt end repair and phos-
phorylation. The repaired fragments were then
subject to 3’ adenylation using Klenow
Fragment (3'-5’ exo-), followed by ligation with
adapters. These adapters contained 5-methyl-
cytosine in place of 5-cytosine and index
sequences, and the ligation was executed
using T4 DNA Ligase. After the construction of
libraries, quantification was performed utilizing
a Qubit fluorometer with the Quant-iT dsDNA
HS Assay Kit (Invitrogen, Carlsbad, CA, USA).
The prepared libraries were subsequently dis-
patched to Beijing Genomic Institute (BGlI),
China, for targeted bisulfite sequencing. Once
the sequencing was completed, the methyla-
tion data was subjected to a normalization pro-
cess, resulting in the generation of beta
values.

Immunohistochemistry (IHC)

All collaborating patients provided written con-
sent for the collection of four tissue samples
(three LUAD and one normal control), including
permission for the results to be published. The
study involved LUAD patients who underwent
tumor surgical resection at Taizhou Central
Hospital, China. The tissue samples were
stored at -80°C until further analysis. This
study adhered to the Declaration of Helsinki
guidelines and received approval from the
Medical Research Ethics Committee of Taizhou
University.

Tissue samples were subjected to formalin fixa-
tion, paraffin embedding, and subsequent sec-
tioning into 3-pym-thick slices. The sections
were subjected to heat-induced antigen retriev-
al by boiling in sodium citrate buffer after depa-
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raffinization and endogenous catalase neutral-
ization. Following this, non-specific binding was
blocked with a 1-hour incubation in 5% normal
goat serum. The sections were then exposed to
anti-PTTG1 and anti-PTTG2 antibodies (diluted
1:50; CAT#: TA322776 and CAT#: TA324611)
overnight at 4°C, and antibody binding was
detected using the avidin-biotin-peroxidase
method. The sections were then counter-
stained with hematoxylin, and the results were
assessed independently by two skilled
investigators.

Expression analysis of PTTG genes across
The Cancer Genome Atlas (TCGA) and Gene
Expression Omnibus (GEO) datasets

UALCAN (https://ualcan.path.uab.edu/) is a
user-friendly web portal providing a compre-
hensive analysis of cancer transcriptome data
from The Cancer Genome Atlas (TCGA) [19]. It
offers accessible tools for exploring gene
expression, survival analysis, and clinicopatho-
logical correlation across various cancer types,
aiding researchers in uncovering potential
biomarkers and therapeutic targets. In this
study, UALCAN was used to analyze PTTG gene
expression across the TCGA LUAD cohort.

Moreover, we obtained the standardized matrix
profile (*series matrix.txt) of GSE10072, a
microarray dataset containing expression pro-
files from 58 LUAD and 49 control tissue sam-
ples sourced from the GEO database (https://
www.ncbi.nlm.nih.gov/geo/) [20]. The GEO2R
tool combined with the Limma package made
it easier to analyze the GSE10072 dataset.
Differentially expressed genes (DEGs) were
identified by using GEO2R, a t-test, and the
Benjamin-Hochberg technique to obtain P-
values and false discovery rates (FDR). DEG
screening adhered strictly to established crite-
ria: P < 0.05 and logFC > 1.

Promoter methylation analysis of PTTG genes
across TCGA cohort

MEXPRESS (https://mexpress.ugent.be/) is a
user-friendly web tool offering an interactive
exploration of DNA methylation and gene
expression data across various cancers [21].
It integrates datasets from TCGA, allowing
researchers to visualize correlations, conduct
differential analysis, and identify potential bio-
markers. MEXPRESS enhances understanding
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of epigenetic mechanisms in cancer progres-
sion and therapy response. In the current study,
the MEXPRESS database was used to analyze
promoter methylation levels of PTTG genes
across the TCGA LUAD cohort.

Mutational analysis of PTTG genes

cBioPortal (https://www.cbioportal.org/) is an
open-access platform that enables visualiza-
tion and analysis of complex cancer genomics
data [22]. It facilitates the investigation of
genetic changes, survival rates, and possible
treatment targets across a range of cancer
types by integrating molecular profiling results
from many cancer research. cBioPortal is used
by researchers to learn more about the biology
of cancer and to guide customized care strate-
gies. The cBioPortal database was used in this
study to analyze PTTG gene mutations in LUAD.

Survival analysis and prognostic model devel-
opment

The Kaplan Meier (KM) plotter tool (https://
kmplot.com/analysis/) is a web-based applica-
tion that allows researchers to perform survival
analysis using gene expression data [23]. It
compiles information from open databases
such as TCGA and GEO, allowing researchers to
investigate the relationship between gene
expression levels and patient survival out-
comes across a range of cancer types.
Prognostic biomarkers and prospective treat-
ment targets can be found with the use of the
KM plotter. The KM plotter tool was utilized in
our work to do a survival analysis of PTTG genes
in LUAD.

Furthermore, to develop and validate the prog-
nostic model of PTTG genes, gene expression
data from GSE29016 was used as the training
dataset, while six independent datasets (GSE-
29013, GSE26939, GSE19188, GSE14814,
GSE13213, and GSE11969) served as valida-
tion datasets. Initially, candidate prognostic
genes were identified through univariate Cox
regression analysis in the training dataset. A
multivariate Cox proportional hazards model
was then constructed using these selected
genes, estimating the hazard ratios (HR) for
each gene to indicate the risk associated with
their expression levels. Model parameters were
optimized using cross-validation within the
training dataset to prevent overfitting. The
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model was internally validated via bootstrap-
ping and further externally validated on the six
independent datasets by calculating HRs and
concordance indices (C-index) to assess pre-
dictive power.

Gene enrichment analysis

The DAVID (https://david.ncifcrf.gov/) tool is a
web-based resource used for functional anno-
tation and enrichment analysis of gene lists
[24]. The identification of enriched biological
terminology, such as Gene Ontology (GO) con-
cepts and pathways, inside gene sets facili-
tates the interpretation of biological relevance
by researchers. Using gene lists produced from
experimental data, DAVID makes it easier to
comprehend the biological pathways and un-
derlying processes that are connected to th-
ose lists. The PTTG gene enrichment study in
LUAD was conducted using this database.

Drug sensitivity analysis

GSCA (https://david.ncifcrf.gov/) is a bioinfor-
matics tool developed by the Guo Lab, designed
for comprehensive analysis of gene sets in the
context of cancer [25]. By combining multi-
omics data from different kinds of cancer, it
enables researchers to investigate relation-
ships between gene sets and clinical out-
comes. The drug sensitivity analysis of the
PTTG genes in LUAD was conducted in our
study using GSCA.

Knockdown of PTTG genes in A549 cells

siRNAs targeting PTTG genes were obtained
from OBiO Company. A549 LUAD cell lines
were transfected with these siRNAs using
INTERFERIn Transfection Reagent (from France)
to silence PTTG family genes, including PTTG1,
PTTG2, and PTTG3P.

Cell Counting Kit-8 assay

Cell proliferation in A549 LUAD cells was
assessed using the Cell Counting Kit-8 (CCK-
8, APEXBIO, USA). Initially, 3x10”3 cells were
seeded into 96-well plates following transfec-
tion. Subsequently, plates were incubated at
37°C for different durations (0, 24, 48, and 72
hours). Following the addition of CCK-8 reagent
to each well, the optical absorbance at 450 nm
was measured to assess the vitality of the cells.
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Figure 1. Expression and diagnostic performance of pituitary tumor-transforming gene (PTTG) genes in lung adeno-
carcinoma (LUAD) and control cell lines. A. RT-gPCR analysis of PTTG1, PTTG2, and PTTG3P gene expression levels
in LUAD (orange) and control (green) cell lines. B. Receiver operating characteristic (ROC) curves assessing the di-
agnostic accuracy of PTTG1, PTTG2, and PTTG3P expression levels. The area under the curve (AUC) values are 0.88
for PTTG1, 0.77 for PTTG2, and 0.98 for PTTG3P, demonstrating that PTTG3P has the highest diagnostic potential
for distinguishing LUAD from control samples, followed by PTTG1 and PTTG2. *P-value < 0.05.

Colony formation assay

A549 LUAD cells that had been transfected
were cultivated in 6-well plates and kept in
DMEM that had been enhanced with 10% FBS
and 1% Penicillin-Streptomycin. Following seed-
ing, the media was substituted with DMEM that
included 10% FBS and 500 pg/mL G418
(Thermo Fisher Scientific, Catalog #11811031)
to identify transfected cells that were effective-
ly propagated. To create colonies, the cells
were allowed to develop for 10-14 days, with
medium changes occurring every 3 days. The
colonies were then counted after being fixed
with 4% paraformaldehyde and stained with
Crystal Violet Staining Solution (Thermo Fisher
Scientific, Catalog #C3886). The outcomes
showed a noteworthy decrease in colony forma-
tion in the siRNA-transfected cells in contrast
to the control cells, underscoring the coopera-
tive function of PTTG1, PTTG2, and PTTG3P in
fostering cellular growth and viability.
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Statistics

This study employed the t-test to compare
group differences for normally distributed vari-
ables. The diagnostic potential of PTTG gene
expressions was assessed using receiver oper-
ating characteristic (ROC) curves, with the area
under the curve (AUC) as the diagnostic metric.
Survival analyses utilized the Cox proportional
hazards model, Kaplan-Meier analysis, and log-
rank test. Correlations were evaluated using
Spearman’s or Pearson’s test. All statistical
tests were two-sided, with significance defined
as P < 0.05. Statistical analyses were conduct-
ed using R software (version 4.0.2).

Results

Expression landscape of PTTG genes in LUAD
cell lines

Firstly, the expression of PTTG genes in LUAD
and control cell lines was documented via the
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Figure 2. Promoter methylation analysis and diagnostic performance of pituitary tumor-transforming gene (PTTG)
genes in lung adenocarcinoma (LUAD) and control cell lines. A. Box plots of beta values obtained from bisulfite se-
quencing indicate the promoter methylation levels of PTTG1, PTTG2, and PTTG3P genes in LUAD (red) and control
(blue) cell lines. B. Receiver operating characteristic (ROC) curves evaluating the diagnostic accuracy of promoter
methylation levels for PTTG1, PTTG2, and PTTG3P. The areas under the curve (AUC) values are 0.81 for PTTG1, 0.84
for PTTG2, and 0.88 for PTTG3P, demonstrating good discriminative power between LUAD and normal individuals,
with PTTG3P showing the highest diagnostic potential. *P-value < 0.05.

RT-gPCR. Data on PTTG1, PTTG2, and PTTG3P
gene expression levels in LUAD and control cell
lines are shown in Figure 1, together with ROC
curves illustrating these genes’ diagnostic effi-
cacy. Figure 1A shows that the expression lev-
els of PTTG1, PTTG2, and PTTG3P are signifi-
cantly (p-value < 0.05) higher in LUAD cell lines
compared to control cell lines, indicating up-
regulation in LUAD. Figure 1B illustrates the
evaluations of the diagnostic accuracy of th-
ese genes, with ROC curves indicating AUC val-
ues of 0.99 for PTTG1, 1.0 for PTTG2, and 0.96
for PTTG3P. The high AUC value for PTTG3P
suggests it is a highly effective biomarker for
distinguishing LUAD from control samples, fol-
lowed by PTTG1 and PTTG2. Overall, PTTG3P
shows the greatest potential as a diagnostic
biomarker for LUAD.

Promoter methylation landscape of PTTG genes

Promoter methylation analysis of PTTG in LUAD
and control cell lines was conducted via bisul-
fite sequencing. In Figure 2A, box plots of beta
values indicate that the methylation levels of
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PTTG1, PTTG2, and PTTG3P are lower in LUAD
cell lines compared to control cell lines, sug-
gesting hypomethylation in the cancerous sam-
ples. Additionally, ROC curves assessing the
methylation levels for these genes’ diagnostic
accuracy are displayed in Figure 2B. AUC val-
ues for PTTG1, PTTG2, and PTTG3P are 0.85,
0.78, and 0.82, respectively, suggesting that all
three genes have excellent discriminative abili-
ty between persons with LUAD and those with-
out (Figure 2B). Among these, PTTG3P has the
highest AUC, suggesting it is the most effective
biomarker for distinguishing between LUAD and
normal tissues based on methylation status.
These findings demonstrate the PTTG gene
family methylation’s potential as a LUAD diag-
nostic tool.

Expression landscape of EGFR, KRAS, TP53,
and MMP9 in LUAD cell lines

EGFR, KRAS, TP53, and MMP9 expression lev-
els are substantially (p-value < 0.05) higher in
LUAD cell lines than in normal control cell lines,
according to the findings of the RT-qPCR study

Am J Transl Res 2024;16(11):6326-6345
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opment and advancement
of LUAD tumors.

Expression validation of
the PTTG gene using ad-
ditional TCGA and GEO

cohorts of LUAD patients

The expression of PTTG
genes was further validat-
ed on two independent
TCGA and GEO expression
datasets. Figure 5 illus-
trates the expression lev-
els of PTTG1, PTTG2, and
PTTG3P in LUAD samples
across two datasets: TC-
GA from the UALCAN data-
base and the GSE10072
dataset from the GEO
database. Figure 5A dis-
plays box plots from the
UALCAN database, dem-

Figure 3. Differential gene expression of EGFR, KRAS, TP53, and MMP9 in lung
adenocarcinoma (LUAD) and normal control cell lines. Box plots representing the
expression levels of four genes (EGFR, KRAS, TP53, and MMP9) in LUAD and nor-
mal control cell lines as determined by Reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). The blue boxes represent LUAD samples, while
the orange boxes represent normal control samples. *P-value < 0.05.

(Figure 3). These genes may be important in
the initiation and development of this kind of
cancer, based on the increased levels of LUAD.

Immunohistochemical staining of PTTG1 and
PTTG2 proteins

The immunohistochemistry (IHC) technique
was used to evaluate the protein expression
of PTTG1 and PTTG2 proteins in LUAD and con-
trol tissue samples. PTTG1 and PTTG2 protein
expression levels in LUAD and control tissue
samples are compared using immunohisto-
chemical pictures shown in Figure 4. In the nor-
mal tissue, the staining is low, indicating mini-
mal or baseline expression of the PTTG1 and
PTTG2 proteins (Figure 4A, 4B). In contrast, the
LUAD tissues exhibit high staining intensity,
reflecting a significant overexpression of these
proteins (Figure 4A, 4B). The observed varia-
tion in expression indicates a significant up-
regulation of PTTG1 and PTTG2 proteins in
LUAD compared to normal tissue, which may
indicate their possible involvement in the devel-

6332

onstrating a substantial
(p-value < 0.05) up-regu-
lation of all three genes
(PTTG1, PTTG2, and PT-
TG3P) in LUAD tumor tis-
sues compared to normal
samples. Figure 5B rein-
forces these findings with
bar graphs from the GSE10072 dataset, which
also display a significant increase in the rela-
tive mRNA expression of PTTG1, PTTG2, and
PTTG3P in LUAD samples compared to normal
samples. The consistency of these results
across two independent datasets suggests a
strong association of these genes with LUAD,
indicating their potential role in the disease’s
pathogenesis or progression.

Promoter methylation validation of the PTTG
gene using an additional TCGA cohort of LUAD
patients

Next, the validation of DNA methylation levels
in the promoter regions of PTTG1, PTTG2, and
PTTG3P was done using the MEXPRESS data-
base. Figure 6 shows the degree of methylation
as a beta value, with values closer to O denot-
ing lesser methylation and values closer to 1
denoting more methylation. For PTTG1, the plot
reveals a general decrease in beta values
from high to low-expression groups, suggesting
lower methylation in the high-expression group

Am J Transl Res 2024;16(11):6326-6345
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Figure 4. Immunohistochemical staining of PTTG1 and PTTG2 proteins expression in normal and lung adenocarcinoma (LUAD) tissue samples. A. Representative
images of PTTG1. B. Representative images of PTTG1.
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Figure 5. Comparative analysis of pituitary tumor-transforming gene (PTTG) family gene expression in The Cancer Genome Atlas (TCGA) and Gene Expression Omni-
bus (GEO) datasets. A. Expression validation of PTTG1, PTTG2, and PTTG3P across LUAD TCGA dataset using the UALCAN platform. B. Expression analysis of PTTG1,
PTTG2, and PTTG3P in normal and LUAD samples using GSE10072 expression dataset from the GEO database. *P-value < 0.05.
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(Figure 6). For PTTG2, there is a clear trend of
decreasing beta values from low to high-expres-
sion groups, indicating lower methylation in the
high-expression group (Figure 6). This implies
that methylation and expression of PTTG2 are
inversely correlated. Similar to PTTG2, PTTG3P
exhibits a similar pattern, with lower beta val-
ues in the group with high expression (Figure
6), demonstrating the inverse link between
methylation and expression. Overall, these
results suggest that the expression levels of
PTTG1, PTTG2, and PTTG3P are likely regulated
by DNA methylation, where lower methylation is
associated with higher gene expression.

Mutational analysis of PTTG genes

Mutational analysis of PTTG genes was con-
ducted via the cBioPortal platform. Figure 7
presents mutation data for PTTG1, PTTG2, and
PTTG3P in a dataset of 567 samples, indicating
that alterations were observed in 4 samples
(0.71%). The heatmap highlights that PTTG2 is
the most frequently mutated gene among the
three, with a mutation rate of 1%, while PTTG1
and PTTG3P show no mutations (Figure 7A).
The two main kinds of mutations found in
PTTG2 are in-frame deletions (yellow) and mis-
sense mutations (green). According to the cat-
egorization summary, single nucleotide poly-
morphisms (SNPs) are the most common varia-
tion type, and missense mutations account for
the bulk of alterations (Figure 7B). Within the
SNP class, the most common single nucleotide
variant (SNV) is C>G (three occurrences), fol-
lowed by a single C>T change (Figure 7B). The
variant classification summary box plot indi-
cates that each of the four samples has at
least one mutation, with a median of one vari-
ant per sample. This suggests that PTTG2
mutations, especially missense mutations and
in-frame deletions, could be relevant in the con-
text of the studied condition, while PTTG1 and
PTTG3P do not appear to be commonly mutat-
ed in LUAD samples.

Survival analysis and prognostic model devel-
opment

Survival analysis of PTTG genes in LUAD
patients was conducted using the KM plotter
tool. The Kaplan-Meier survival curves for the
PTTG1, PTTG2, and PTTG3P genes are dis-
played in Figure 8A. The expression levels of
each gene are divided into high and low groups,
demonstrating that higher expression levels
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are linked to lower overall survival. Specifically,
PTTG1 (HR = 1.75, logrank P = 3e-04), PTTG2
(HR = 1.64, logrank P = 0.00087), and PTTG3P
(HR = 1.4, logrank P = 0.028) are all significant-
ly correlated with reduced survival probability
over time (Figure 8A). Additionally, Figure 8B
provides an overview of the concordance index
(C-index) and Cox regression findings for seven
distinct datasets, demonstrating the prognos-
tic model’s resilience across various datasets.
The hazard ratios for each dataset are all above
1, indicating that higher expression consistent-
ly predicts worse outcomes (Figure 8B). The
C-index values range from approximately 0.4 to
0.8, suggesting moderate to good predictive
power (Figure 8B). Box plots of PTTG gene
expression levels from the same seven datas-
ets are shown in Figure 8C. These plots indi-
cate variance but similar patterns, confirming
the general finding that PTTG gene expression
is a significant prognostic factor in LUAD.

Gene enrichment analysis of PTTG genes

Gene enrichment analysis of PTTG genes was
conducted via the DAVID tool. Concerning cel-
lular components (CC), Figure 9A illustrates
that the PTTG genes are significantly overex-
pressed in the “Wnt signalosome” and the
“Beta-catenin destruction complex”. The high
fold enrichment values and the significant
-log10 (FDR) scores indicate strong associa-
tions with these cellular structures, suggesting
that PTTG genes play crucial roles in these
complexes. The molecular functions (MF)
enriched by PTTG genes are illustrated in
Figure 9B. Key functions include “Gamma-
catenin binding”, “Microtubule plus-end bind-
ing”, “Dynein complex binding”, “Cysteine-type
endopeptidase inhibitor activity”, “SH3 domain
binding”, and “Beta-catenin binding”. The fold
enrichment values and the varying -log10 (FDR)
scores, with the highest enrichment observed
in SH3 domain binding, imply significant involve-
ment in these molecular interactions and activ-
ities. The PTTG gene-related biological process-
es (BP) are shown in Figure 9C. The three most
important processes are “sister chromatid seg-
regation, chromosome organization, and nega-
tive regulation of chromosome segregation”.
This suggests that PTTG genes are critical
regulators in maintaining chromosomal stabili-
ty and proper segregation during cell division,
as evidenced by the high fold enrichment and
strong -log10 (FDR) scores. An understanding

Am J Transl Res 2024;16(11):6326-6345



Role of PTTG genes in LUAD

A Altered in 4 (0.71%) of 567 samples.

837

PTTG2

PTTG1

PTTG3P

= Missense_Mutation = Multi_Hit
In_Frame_Del

0 3
L

1%

0%

0%

B Variant Classification Variant Type SNV Class
™G 0
Missense_Mutation SNP TSA 0
T>C 1
c>T 0
In_Frame_Del DEL e _ &
C>A 0
T T T T T T 1 T T T T 1 T T T T 1
S 8 2 &8 858 &8 3 T 2 3 %33 8§ & 8 & 8
Variants per sample Variant Classification Top 10
Median: 1 summary mutated genes
1= v
1 =
PTTG2 75%
PTTG1 25%
0o -
0= T T T 1
o - - w

Figure 7. Mutational landscape of pituitary tumor-transforming gene (PTTG) family genes in 567 lung adenocarci-
noma (LUAD) samples. A. Frequencies of genetic mutations in PTTG gene family (PTTG1, PTTG2, PTTG3P) in 567
samples. B. Detailed summery of the observed genetic alterations.

of the pathways enriched by PTTG genes is
shown in Figure 9D. These pathways include
“Endometrial cancer”, “Cell cycle”, “Basal cell
carcinoma”, “Oocyte meiosis”, “Colorectal can-
cer”, “Human T-cell leukemia virus 1 infection”,
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“Signaling pathways regulating pluripotency of
stem cells”, “Breast cancer”, “Gastric cancer”,
“Cushing syndrome”, “Hippo signaling path-
way”, “MicroRNAs in cancer”, “Hepatocellular
carcinoma”, “Wnt signaling pathway”, and

Am J Transl Res 2024;16(11):6326-6345
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“Regulation of actin cytoskeleton”. The high
-log10 (FDR) scores and considerable fold
enrichment for these pathways suggest that
PTTG genes are extensively engaged in cell
cycle control, signaling processes, and a variety
of cancer-related pathways. Overall, the enrich-
ment analysis suggests that PTTG genes are
integral to various cellular processes, particu-
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larly those related to cell division, signal trans-
duction, and cancer pathways.

Cell Counting Kit-8 and colony formation as-
says

The PTTG1, PTTG2, and PTTG3P genes syner-
gistically regulate processes such as cell cycle
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regulation, tumor development, and other cel-
lular functions. To examine their combined im-
pact on several parameters, siRNA was used to
concurrently silence all three genes in A549
cells. The silencing efficiency was evaluated via
RT-gPCR. As shown in Figure 10A, there was a
significant reduction in the expression levels of
PTTG1, PTTG2, and PTTG3P in the transfected
A549 cells compared to the control A549 cells.
Further analysis using a CCK-8 assay revealed
a marked decrease in cellular proliferation in
cells with silenced PTTG1, PTTG2, and PTTG3P,
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compared to the control A2058 cells (Figure
10B). The treated group, on the other hand, has
fewer and smaller colonies, as indicated by
Figure 10C’s visual comparison of colony for-
mation between control and treated cells calcu-
lated in Figure 10D.

Drug sensitivity analysis of PTTG genes
Drug sensitivity analysis of PTTG genes was

conducted using the GSCA database. Figure 11
illustrates the correlation between the expres-
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sion levels of PTTG genes (PTTG1, PTTG2,
PTTG3P) and drug sensitivity, as derived from
the CTRP dataset. PTTG1 and PTTG3P show
strong positive correlations (drug resistance)
with sensitivity to a broad range of drugs, indi-
cated by red-colored dots with significant cor-
relations denoted by large dots with thick black
borders (FDR < 0.05). Drugs such as Afatinib,
AZD3146, BRD-A94377914, Compound 23_
citrate, KUOO6373, and Lapatinib exhibit nota-
ble positive correlations (drug resistance) with
these genes. Conversely, PTTG2 displays a
more varied correlation profile, with many cor-
relations being non-significant (smaller dots
with grey borders, FDR > 0.05). While some
drugs like Austocystin D, BMS-754807, and
Brefeldin A show some level of correlation with
PTTG2, these are generally weaker and less sig-
nificant. Interestingly, a few drugs, such as IPI-
145 and Nutlin-3, exhibit a slight negative cor-
relation (drug sensitivity) with PTTG2 expres-
sion, but these correlations are also weak and
typically non-significant. Overall, this research
indicates that PTTG1 and PTTG3P influence
drug sensitivity more significantly than PTTG2,
suggesting that they may play a role in regulat-
ing drug response in cancer treatment.
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Discussion

Lung adenocarcinoma (LUAD) is the most prev-
alent subtype of non-small cell lung cancer
(NSCLC), characterized by its aggressive nature
and poor prognosis [26, 27]. The five-year sur-
vival rate is still poor despite therapy break-
throughs, highlighting the critical need for new
biomarkers and therapeutic targets [28, 29].
The pituitary tumor-transforming gene (PTTG)
family, comprising PTTG1, PTTG2, and PTTG3P,
has been implicated in various malignancies,
but their roles in LUAD remain to be fully eluci-
dated [16, 30]. To gain a fresh understanding of
the diagnostic and prognostic implications of
PTTG genes, the current research examines
their expression, promoter methylation, and
possible clinical relevance in LUAD.

Our findings demonstrate significant up-regula-
tion of PTTG1, PTTG2, and PTTG3P in LUAD cell
lines and tissue samples compared to normal
controls. This is consistent with other studies
that found PTTG1 to be an oncogene in a vari-
ety of malignancies, such as thyroid, colorectal,
and breast cancers, where it stimulates the
growth and metastasis of cells [31-33]. PTTG2
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and PTTG3P, though less studied, have also
shown elevated expression in specific cancers.
Our study is the first to collectively analyze
these genes in LUAD, highlighting their poten-
tial as biomarkers. PTTG1, acting as a securin,
inhibits separase to prevent premature sister
chromatid separation, but its overexpression
can lead to aneuploidy and genomic instability
by disrupting the G2/M transition of the cell
cycle [34]. Additionally, it hinders DNA repair
processes by interacting with proteins such as
p53, which in turn promotes the buildup of DNA
damage and mutagenesis [34]. Furthermore,
PTTG1 promotes invasion and increases tumor
blood supply by upregulating vascular endothe-
lial growth factor (VEGF) [12]. PTTG2, though
less studied, is believed to function similarly to
PTTG1, contributing to genomic instability and
altered cell cycle progression [35, 36]. PTTG3P,
a pseudogene, may act through competing
endogenous RNA (ceRNA) mechanisms, spong-
ing microRNAs that regulate oncogenic path-
ways, thereby indirectly promoting tumorigene-
sis [37]. Overall, the abnormal cellular homeo-
stasis caused by the over-expression of these
PTTG genes results in unchecked cell prolifera-
tion, genomic instability, and increased tumor
development and dissemination.

Moreover, it appears that epigenetic dysregula-
tion is a factor in the upregulation of PTTG1,
PTTG2, and PTTG3P promoters, which are
hypomethylated in LUAD cell lines and tissue
samples. Previous research has demonstrated
that oncogenes in cancer can be activated by
promoter hypomethylation [38, 39]. Mutational
analysis revealed low mutation frequencies for
PTTG genes in LUAD, with PTTG2 showing the
highest rate of 1%. While mutations in PTTG
genes are rare, their overexpression driven by
other mechanisms, such as hypomethylation,
might be more critical in LUAD pathogenesis.
This contrasts with genes like TP53, where
mutations are a primary driver [40]. Kaplan-
Meier survival analysis and Cox regression
models consistently showed that high expres-
sion of PTTG genes is associated with poorer
overall survival in LUAD patients. This conclu-
sion is especially noteworthy for PTTG1 and
PTTG2, which is consistent with other research
that found a negative correlation between
PTTG1 expression and colorectal cancer out-
comes [41]. Our prognostic model, which has
been confirmed on several datasets, shows
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that PTTG genes have the potential to be reli-
able prognostic indicators.

Silencing PTTG genes significantly reduced cell
proliferation in LUAD cell lines, indicating their
potential as therapeutic targets. Drug sensitiv-
ity investigation revealed a correlation between
the expression levels of PTTG1 and PTTG3P
and resistance to several anticancer medi-
cines, indicating that targeting these genes
may improve treatment outcomes. Studies
examining the interplay between drugs and
genes in cancer therapy have revealed similar
results [42-46].

This study has several advantages and limita-
tions that merit consideration. One of the pri-
mary advantages is the comprehensive analy-
sis of PTTG1, PTTG2, and PTTG3P gene expres-
sion, methylation, and protein levels across
multiple datasets and experimental platforms,
providing robust and reproducible results. The
results are more valid since data from patient
samples and cell lines are combined, and a
variety of analytical techniques, including
RT-gPCR, bisulfite sequencing, and immunohis-
tochemistry, are employed. Moreover, the reli-
ability of the prognostic models created is
improved by the study’s utilization of indepen-
dent validation cohorts. However, there are
limitations, including the relatively small sam-
ple size in some analyses, which may affect the
generalizability of the results. The study is also
limited by its retrospective nature and reliance
on publicly available datasets, which may intro-
duce selection bias. Moreover, while the find-
ings suggest mechanistic roles for the PTTG
genes in LUAD, further in vivo studies and func-
tional assays are needed to confirm these
mechanisms.

Conclusion

In conclusion, our thorough investigation shows
that PTTG genes are highly hypomethylated
and up-regulated in LUAD and that high expres-
sion levels are associated with a poor progno-
sis. These genes constitute important options
for use as therapeutic targets as well as prog-
nostic and diagnostic biomarkers. Our results
contribute to the increasing amount of data
regarding the involvement of PTTG genes in
cancer and lay the groundwork for further
investigations into their mechanisms and pos-
sible therapeutic applications in LUAD.
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