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A b s t r a c t

Introduction: Lung cancer is the leading cause of cancer-associated mortal-
ity worldwide. Recently, long non-coding RNAs (lncRNAs) have been studied 
as key regulators in some biological processes. Of note, the molecular mech-
anism and prognostic value of lncRNAs in non-small cell lung cancer (NSCLC) 
have largely remained unclear.
Material and methods: In this study, we compared the PTTG3P expression 
levels between lung cancer and normal lung samples by analyzing 5 pub-
lic datasets (GSE18842, GSE19804, GSE27262, GSE30219, and GSE19188). 
Next, pentose phosphate pathway and co-expression networks were con-
structed to identify key targets of lncRNA PTTG3P. Furthermore, gene ontol-
ogy (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 
analysis were performed to explore the potential roles of lncRNA PTTG3P. 
Moreover, we constructed PTTG3P-mediated ceRNA networks in lung adeno-
carcinoma (LUAD) and lung squamous cell carcinoma (LUSC).
Results: In the present study, our analysis showed that PTTG3P expression 
was higher in high T stage LUAD and LUSC samples, as well as high N stage 
NSCLC tissues. Of note, we found that higher PTTG3P expression is correlat-
ed with shorter survival time in NSCLC patients by analyzing Kaplan-Meier 
plotter datasets. We found that PTTG3P was significantly associated with 
NSCLC cell proliferation regulation by affecting a series of cell cycle related 
biological processes.
Conclusions: Bioinformatics analysis showed that PTTG3P was associated 
with NSCLC cell proliferation. These results suggested that PTTG3P could 
serve as a new therapeutic and prognostic target for NSCLC.

Key words: biomarker, long non-coding RNA, lung cancer, protein-protein 
interaction analysis, co-expression networks.

Introduction

Lung cancer is one of the most common fatal malignant tumors 
around the world [1, 2]. Approximately 80% of lung cancers were diag-
nosed as non-small cell lung cancer (NSCLC) and about 20% of lung can-
cers were small cell lung cancer (SCLC) [3]. Recently, a series of methods, 
including surgical therapy, radiation therapy, chemotherapy, targeted 
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therapy and immunotherapy, were developed for 
lung cancer treatment [4–6]. However, the survival 
rate for lung cancer is still low. Currently, sever-
al genes were identified as potential biomarkers 
for lung cancer. For example, circular RNA F-circEA 
was detected in the plasma of NSCLC patients 
and could act as a “liquid biopsy” biomarker [7]. 
LINC00473 was also up-regulated and associated 
with worse prognosis of lung cancer [8]. However, 
it is urgently necessary to identify novel sensitive 
and specific biomarkers for NSCLC.

Long noncoding RNAs (lncRNAs) are a kind of 
non-protein-coding RNAs longer than 200 bps  
[9, 10]. Previous studies indicated that lncRNAs 
played crucial roles in gene transcription, post- 
transcription and epigenetic regulation [11, 12]. 
Various reports showed that lncRNAs were widely 
differently expressed in human cancers, includ-
ing lung cancer, liver cancer, prostate cancer, and 
breast cancer [13, 14]. Up-regulation of the long 
non-coding RNA RMRP contributes to glioma pro-
gression and promotes glioma cell proliferation 
and invasion [15]. In addition, many lncRNAs, such 
as MALAT1, LET, HOTTIP, and XIST, were suggested 
to be associated with the diagnosis of NSCLC [16]. 
High lncRNA HULC expression is associated with 
poor prognosis and promotes tumor progression 
by regulating epithelial-mesenchymal transition 
in prostate cancer [17]. Recently, several reports 
have highlighted pseudogenes, a  type of special 
lncRNAs, playing special roles in tumor progres-
sion. For instance, PDIA3P interacted with c-Myc 
to promote G6PD expression and increase the 
pentose phosphate pathway (PPP) flux [18]. Small 
ubiquitin-like modifier 1 pseudogene 3 acted as 
an oncogene in colon and breast cancer [19]. The 
expression profiles of Notch pathway members 
have a  significant influence on disease-free sur-
vival (DFS) in renal carcinoma [20]. The pituitary 
tumor-transforming 3 pseudogene (PTTG3P) was 
up-regulated in gastric cancer (GC) and could en-
hance GC cell proliferation and metastasis [21]. 
However, the clinical value and potential roles of 
PTTG3P in NSCLC have remained unclear.

Here, we hypothesized that PTTG3P could serve 
as a biomarker for NSCLC. We analyzed PTTG3P ex-
pression in lung cancer and normal lung samples 
by using Gene Expression Omnibus (GEO) datasets. 
Kaplan-Meier plotter (KM plotter) was also used 
to evaluate whether PTTG3P was associated with 
lung cancer survival time. Co-expression analysis in 
combination with bioinformatics analysis was used 
to predict PTTG3P potential functions. 

Material and methods

Microarray data 

A  series of microarray datasets, including 
GSE18842, GSE19804, GSE27262, GSE30219, 

and GSE19188, were downloaded from GEO  
(https://www.ncbi.nlm.nih.gov/geo/) [22]. GeneChip  
Human Genome U133 Plus 2.0 Array includ-
ed 6,500 additional genes for analysis of over 
47,000 transcripts. The probe ID for PTTG3P is 
208511_at. 

Furthermore, we analyzed PTTG3P expres-
sion in lung adenocarcinoma (LUAD) and lung 
squamous cell carcinoma (LUSC) by using TCGA 
datasets, which were download from cBioPortal 
(http://www.cbioportal.org/) [23]. The methods of 
RNA isolation, RNA sequencing and data normal-
ization were described previously. All the patients 
were staged using the 2009 Tumor-Node-Metas-
tasis (TNM) classification of the American Joint 
Committee on Cancer/International Union Against 
Cancer [24].

Survival analysis

In the present study, we used Kaplan-Meier 
plotter (KM plotter) (http://kmplot.com/analysis/
index.php?p=service&cancer=lung) [25]. To inves-
tigate the clinical significance of LncRNA PTTG3P 
in NSCLC, we analyzed whether PTTG3P expres-
sion was correlated with survival time in NSCLC 
patients. The Kaplan-Meier plotter datasets in-
cluded a total of 2437 lung cancer samples with 
a  mean a  mean follow-up of 49 months. In this 
study, we selected median expression of PTTG3P 
in all samples as a cutoff to divide into PTTG3P-
high and PTTG3P-low groups.

Construction of PTTG3P-mediated ceRNA 
networks

In this study, we predicted PTTG3P targeting 
miRNAs and mRNAs by using Starbase datasets, 
based on CLIP-seq. Next, we applied co-expres-
sion analysis for PTTG3P in TCGA LUAD and LUSC 
datasets using cBioPortal online software. Finally, 
we constructed PTTG3P-related ceRNA networks 
based on positive related PTTG3P-target (Pear-
son score ≥ 0.2) pairs. Cytoscape (Version 3.4.0, 
available online: http://www.cytoscape.org/) was 
applied for visualization of the co-expression net-
works.

GO and KEGG pathway analysis

In this study, we performed GO and KEGG 
pathway analysis using the freely available online 
DAVID system (https://david.ncifcrf.gov/) [26]. 
A  p-value less than 0.05 was considered as sig-
nificant. 

Statistical analysis

Statistical comparisons between two groups 
were performed using the t-test or Mann-Whit-

http://www.ncbi.nlm.nih.gov/geo/
http://www.cbioportal.org/
http://kmplot.com/analysis/index.php?p=service&cancer=lung
http://kmplot.com/analysis/index.php?p=service&cancer=lung
https://david.ncifcrf.gov/
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ney U-test according to the test condition. For 
more groups, one-way ANOVA followed by the 
Newman-Keuls post hoc test was used. A p-val-
ue < 0.05 was considered statistically signifi-
cant.

Results

Long non-coding RNA PTTG3P was  
up-regulated in non-small cell lung cancer

In this study, we compared the PTTG3P ex-
pression levels between lung cancer and normal 
lung samples by analyzing 5 public datasets: 
GSE18842, GSE19804, GSE27262, GSE30219, and 
GSE19188. As shown in Figures 1 A–E, PTTG3P 
was significantly overexpressed in lung adenocar-
cinoma (LUAD) and lung squamous cell carcinoma 
(LUSC) cancer patients compared to normal lung 
samples. 

In order to further validate our finding, we an-
alyzed TCGA datasets, which were based on RNA-

seq methods. The RNA-seq method could unravel 
previously inaccessible complexities in the tran-
scriptome, such as allele-specific expression and 
novel isoforms, and could also be used to detect 
gene expression in human disease samples. As 
shown in Figures 1 F, G, our analysis showed that 
PTTG3P was markedly overexpressed in LUAD and 
LUSC samples.

LncRNA PTTG3P is correlated with 
pathology stage in NSCLC

In order to evaluate the correlation between 
lncRNA PTTG3P expression and NSCLC clinico-
pathological characteristics, we further analyzed 
TCGA LUAD and LUSC datasets based on TNM 
stage. Our analysis showed that PTTG3P expres-
sion was higher in stage IA, stage IB, stage IIA, 
stage IIB, stage III and stage IV LUAD and LUSC 
samples than that in normal samples (Figures  
2 A, B). Interestingly, we also observed that PTTG3P 
was overexpressed in stage III and IV LUAD com-

Figure 1. Long non-coding RNA 
PTTG3P was up-regulated in 
NSCLC. A–E – PTTG3P expres-
sion levels was up-regulated 
in GSE18842 (A), GSE19804 
(E), GSE27262 (D), GSE30219 
(C), and GSE19188 (B) data-
sets. F, G – PTTG3P expression 
levels was up-regulated in 
TCGA LUSC (F) and TCGA LUAD 
(G) datasets. Significance was 
defined as p < 0.05 (*p < 0.05; 
**p < 0.01; ***p < 0.001)
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pared to stage I  and stage II LUAD tissues (Fig- 
ures 2 A, B).

We then analyzed PTTG3P expression in NSCLC 
samples based on T staging and N staging. As 
shown in Figures 2 C–H, we found that T1 stage 
lung cancer samples had lower PTTG3P expression 
compared to T2, T3 and T4 stage lung cancer tis-
sues by analyzing TCGA LUAD, LUSC and GSE30219 
datasets. We also observed the similar results that 
PTTG3P was highly expressed in high N stage lung 
cancer compared to N0 stage lung cancer samples. 
Our analysis showed that LncRNA PTTG3P was cor-
related with pathological stage in NSCLC. 

LncRNA PTTG3P is correlated with poor 
prognosis in NSCLC

To further investigate the clinical significance 
of lncRNA PTTG3P in NSCLC, we analyzed whether 
PTTG3P expression is correlated with survival time 
in NSCLC patients. The Kaplan-Meier plotter data-
sets included a total of 2437 lung cancer samples 
with a mean a mean follow-up of 49 months. In this 
study, we selected median expression of PTTG3P 
in all samples as a cutoff to divide NSCLC patients 
into PTTG3P-high and PTTG3P-low groups. Our re-
sults showed that higher PTTG3P expression was 
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significantly correlated with shorter overall surviv-
al time in lung cancer. We then assessed the effect 
of PTTG3P on survival status of different types of 
lung cancer. The further analysis revealed that the 
overall survival time in the PTTG3P-high group 
was lower than that in the PTTG3P-low group in 
female NSCLC (Figure 3 D) and male NSCLC (Fig-
ure 3 E). Furthermore, we analyzed the correlation 
between PTTG3P expression and DFS time in lung 
cancer and observed a  similar result (Figures 3 
A–C, F, G). Our analysis strongly suggested that 
PTTG3P could act as a biomarker.

LncRNA PTTG3P played different roles in 
different stages of NSCLC 

Considering that different histopathological 
subtypes had a  different molecular disturbance, 
here, we explore the roles of PTTG3P in different 
stages of NSCLC. We performed co-expression 
analysis of PTTG3P in T1 stage and T2 + T3 + T4 
stage LUAD. The PTTG3P-mRNAs with absolute 

Pearson score values ≥ 0.2 were considered as re-
liable regulators (Figure 4 A).

We next performed KEGG pathway analysis 
of PTTG3P in T1 stage and T2 + T3 + T4 stage 
LUAD using Cytoscape’s ClueGo plug-in. In KEGG 
pathway analysis PTTG3P was involved in regu-
lating the cell cycle, p53 signaling, homologous 
recombination, DNA replication, spliceosome and 
mismatch repair in T1 stage LUAD. Our analysis 
showed that PTTG3P was involved in regulating 
DNA replication, one carbon pool by folate, pyrim-
idine metabolism, RNA transport, RNA degrada-
tion, the spliceosome, the 53 signaling pathway 
and the cell cycle in T2 + T3 + T4 stage LUAD (Fig-
ure 4 B).

Construction of PTTG3P-related ceRNA 
networks for NSCLC

Previous studies had suggested that 
pseudogenes, a  special type of lncRNAs, could 
serve as competing endogenous RNAs in cancer 

Figure 3. LncRNA PTTG3P is 
correlated with poor progno-
sis in NSCLC. The Kaplan-Mei-
er plotter database analysis 
shows that the overall survival 
and disease-free survival times 
in the PTTG3P-high group 
were lower than those in the 
PTTG3P-IT1-low group in lung 
cancer (A), LUAD (B), LUSC (C), 
female lung cancer (D), male 
lung cancer (E), non-smoking 
lung cancer (F) and smoking 
cancer (G). Significance was 
defined as p < 0.05 (*p < 0.05; 
**p < 0.01; ***p < 0.001)
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Figure 4. LncRNA PTTG3P played different roles in different stages of NSCLC. A – The co-expression analysis of 
PTTG3P in T1 stage and T2 + T3 + T4 stage LUAD. B – The KEGG pathway analysis of PTTG3P in T1 stage and T2 + 
T3 + T4 stage LUAD
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cells. Here, we also constructed PTTG3P-relat-
ed ceRNA networks in NSCLC. We first predicted 
PTTG3P targeting miRNAs and mRNAs using Star-
base datasets, based on CLIP-seq. Next, we ap-
plied co-expression analysis for PTTG3P in TCGA 
LUAD and LUSC datasets by using cBioPortal on-
line software. Finally, we constructed PTTG3P-re-
lated ceRNA networks based on positive related 
PTTG3P-target (Pearson score ≥ 0.2) pairs. 

As shown in Figures 5 A and B, two PTTG3P-re-
lated ceRNA networks were constructed for LUAD 
and LUSC. A  total of 10 miRNAs, 584 mRNAs 
and 1300 edges were included in LUAD special  
ceRNA network, while 10 miRNA, 286 mRNAs 
and 582 edges were included in the LUSC special  
ceRNA network. Ten miRNAs (hsa-miR-129-5p, 
hsa-miR-3167, hsa-miR-376c-3p, hsa-miR-132-3p, 
hsa-miR-212-3p, hsa-miR-383-5p, hsa-miR-876-
5p, hsa-miR-873-5p, hsa-miR-421, hsa-miR-505-
3p) were identified as key regulators in PTTG3P-re-
lated ceRNA networks.

Enrichment analysis of PTTG3P in NSCLC

Our study showed that PTTG3P could serve as 
a  biomarker for NSCLC, but the molecular func-
tions of PTTG3P in NSCLC remained largely un-
clear. Here we performed enrichment analysis 
for PTTG3P based on ceRNA networks analysis. 
Our results showed that PTTG3P was involved in 
regulating cell division, DNA replication initiation, 
chromosome segregation, mitotic chromosome 
condensation, mitotic sister chromatid segrega-
tion, the cell cycle, double-strand break repair via 
homologous recombination, the response to ioniz-
ing radiation, positive regulation of isotype switch-
ing, positive regulation of telomere maintenance 
via telomerase, mRNA splicing, via spliceosome, 
protein folding, and the response to UV in LUAD 
(Figure 6 C). We also observed that PTTG3P was as-
sociated with cell division, mitotic nuclear division, 
sister chromatid cohesion, mRNA splicing via the 
spliceosome, mitotic sister chromatid segregation, 
the anaphase-promoting complex-dependent cat-
abolic process, termination of RNA polymerase II 
transcription, mitotic spindle assembly checkpoint, 
negative regulation of ubiquitin-protein ligase ac-
tivity involved in the mitotic cell cycle, positive reg-
ulation of ubiquitin-protein ligase activity involved 
in regulation of mitotic cell cycle transition, mRNA 
export from the nucleus, DNA replication, and 
translation in LUSC (Figure 6 A).

KEGG pathway analysis revealed that PTTG3P 
was mainly enriched in the spliceosome, the cell 
cycle, RNA transport, the Fanconi anemia pathway, 
DNA replication, pyrimidine metabolism, base ex-
cision repair, homologous recombination, oocyte 
meiosis, and purine metabolism in LUAD (Figure 6 B).  
In LUSC, we found that PTTG3P was enriched 

in the spliceosome, oxidative phosphorylation, 
the cell cycle, non-alcoholic fatty liver disease  
(NAFLD), RNA degradation, and progesterone-me-
diated oocyte maturation (Figure 6 D).

These results strongly suggested that PTTG3P 
plays important roles in regulating NSCLC cell pro-
liferation by affecting cell cycle related biological 
processes.

Discussion

Non-small cell lung cancer (NSCLC) constitutes 
80% of lung cancer cases. The 5-year survival rate 
of NSCLC was as low as about 15% [27]. However, 
the mechanisms underlying NSCLC progression 
remained unclear and novel sensitive and spe-
cific biomarkers for NSCLC were still lacking. Re-
cently, several genes were identified as potential 
biomarkers for lung cancer. For example, MEG3 
was down-regulated in lung cancer samples com-
pared to normal tissues. Higher MEG3 expression 
levels were correlated with longer survival time 
in NSCLC [28]. IGF2AS was also reported to be  
suppressed in NSCLC samples [29]. In the pres-
ent study, we evaluated the correlation between 
PTTG3P expression and clinical implications in  
NSCLC based on public datasets. Our results 
strongly suggested that PTTG3P could serve as 
a biomarker for NSCLC.

PTTG3P is a novel pseudogene, which has nev-
er been reported in lung cancer before. A previous 
study demonstrated that PTTG3P was up-regulat-
ed in gastric cancer (GC) and could enhance GC 
cell proliferation and metastasis, suggesting that 
PTTG3P serve as an oncogene in human cancer 
[21]. In this study, we compared the PTTG3P ex-
pression levels between lung cancer and normal 
lung samples and found that PTTG3P was sig-
nificantly up-regulated in NSCLC samples by an-
alyzing 5 public datasets: GSE18842, GSE19804, 
GSE27262, GSE30219, and GSE19188. Further-
more, we found that PTTG3P was correlated with 
pathological stage in NSCLC. Our analysis showed 
that PTTG3P expression was higher in high T stage 
LUAD and LUSC samples, as well as high N stage 
NSCLC tissues. Of note, we found that higher 
PTTG3P expression was correlated with short-
er survival time in NSCLC patients by analyzing 
Kaplan-Meier plotter datasets. Moreover, we ex-
plored the roles of PTTG3P in different stages of 
LUAD. We found that PTTG3P was involved in reg-
ulating the cell cycle, p53 signaling, homologous 
recombination, DNA replication, the spliceosome 
and mismatch repair in T1 stage LUAD. Mean-
while, PTTG3P was involved in regulating DNA 
replication, one carbon pool by folate, pyrimidine 
metabolism, RNA transport, RNA degradation, the 
spliceosome, the 53 signaling pathway and the 
cell cycle in T2 + T3 + T4 LUAD samples.
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Figure 5. Construction of PTTG3P-related ceRNA networks for NSCLC. A – PTTG3P-related ceRNA networks were 
constructed in LUAD, 10 miRNAs, 584 mRNAs and 1300 edges were included in the network. B – PTTG3P-related 
ceRNA networks were constructed in LUSC, 10 miRNA, 286 mRNAs and 582 edges were included in the network

A

B
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Pseudogenes are a  type of fossil relatives of 
protein-coding genes, which were thought of as 
“junk genes”. However, emerging studies have 
shown that pseudogenes also play important 
roles in cancer progression by regulating cell pro-
liferation, apoptosis and metastasis. For example, 
Poliseno and Pandolfi [30] found that PTENP1 
could serve as a ceRNA to promote PTEN expres-
sion by sponging a series of miRNAs, including miR-
21, miR-17, miR-19 and miR-214. Ma et al. report-
ed that a pseudogene DUXAP8 promoted gastric 
cancer cell progression by epigenetically silencing  
PLEKHO1 expression [31]. Another pseudogene, 
DUXAP10, was also found to promote colorectal 
cancer cell proliferation through epigenetically 
silencing of p21 and PTEN [32]. In this study, we 
for the first time explored the potential mecha-
nism of PTTG3P regulating NSCLC progression by 
constructing mediated ceRNA networks in LUAD 
and LUSC. Ten miRNAs (hsa-miR-129-5p, hsa-
miR-3167, hsa-miR-376c-3p, hsa-miR-132-3p, hsa-
miR-212-3p, hsa-miR-383-5p, hsa-miR-876-5p, 
hsa-miR-873-5p, hsa-miR-421, hsa-miR-505-3p) 
were identified as key regulators in PTTG3P-relat-
ed ceRNA networks. Furthermore, we performed 
bioinformatics analysis of PTTG3P based on ceRNA 

networks analysis. We found that PTTG3P was sig-
nificantly associated with NSCLC cell proliferation 
regulation by affecting a series of cell cycle relat-
ed biological processes, including ell division, DNA 
replication initiation, chromosome segregation, 
mitotic chromosome condensation, mitotic sister 
chromatid segregation, and the cell cycle.

In conclusion, our study showed for the first 
time that PTTG3P could serve as a biomarker of 
NSCLC. We observed that PTTG3P was significant-
ly up-regulated in LUAD and LUSC samples by ana-
lyzing public datasets. We also found that PTTG3P 
expression was higher in high T stage and N stage 
NSCLC samples. Overexpression of PTTG3P was 
significantly correlated with shorter overall and 
disease-free survival time in lung cancer. More-
over, we constructed PTTG3P-mediated ceRNA 
networks in LUAD and LUSC. Bioinformatics anal-
ysis showed that PTTG3P was associated with 
NSCLC cell proliferation. These results must be 
confirmed in a prospective clinical trial as a new 
therapeutic target of NSCLC.
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Figure 6. Enrichment analysis of PTTG3P in NSCLC. GO analysis shows PTTG3P related biological process analysis 
in LUSC (A) and LUAD (C). KEGG pathway analysis reveals PTTG3P-related pathways in LUSC (B) and LUAD (D)
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