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An axis involving TPX2/hsa-let- 
-7b-5p/TMPO-AS1 promotes lung 
adenocarcinoma in smokers

ABSTRACT
Introduction. Lung cancer, a disease with the highest morbidity and mortality rates, is associated with smoking, 

which highlights the need for a better understanding of prognosis-related mRNA/miRNA/lncRNA-ceRNA networks. 

Material and methods. To look at TPX2/miRNA and LncRNA expression in lung cancer tumors and healthy tis-

sues, the study used such databases as UALCAN, OncoDB, ENCORI, KM Plotter, miRNet, and CancerMIRNome. 

Results. In lung cancer cells, the TPX2 gene is overexpressed and linked to lung squamous cell carcinoma. High 

TPX2 expression is significantly associated with adenocarcinoma patients (HR = 1.88; CI 1.58–2.33; p = 2.8e–13) 

and those with a smoking history (HR = 1.71; CI 1.32–2.22; p = 4e–05). miRNA hsa-let-7b-5p negatively cor-

related with TPX2 expression (–0.371), while lncRNA TMPO-AS1 positively correlated with the TPX2 axis (0.659). 

Conclusions. Smokers with lung adenocarcinoma have poorer prognosis due to elevated levels of TPX2 and TMPO-

-AS1 and low levels of miRNA hsa-let-7b-5p, possibly due to the formation of TMPO-AS1 sponges. These factors 

contribute to aggressive growth and poor prognosis. Targeting these factors and increasing miRNA hsa-let-7b-5p 

could potentially improve patient prognosis by inhibiting these factors and reducing aggressive cancer growth. 

Further research and clinical trials are needed to validate this targeted therapy.
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Highlights

	— Poor prognosis is associated with increased TPX2 expression in lung adenocarcinoma and smoking.
	— The ceRNA network reveals negative correlations between miRNA hsa-let-7b-5p and TPX2 as well as positive 
associations between lncRNA TMPO-AS1 and TPX2.

	— The combination of TPX2/hsa-let-7b-5p/TMPO-AS1 with lung adenocarcinoma and smoking holds promise 
as a prognostic biomarker.

	— Lung adenocarcinoma (LUAD) cellular invasion, proliferation, metastasis, and epithelial-mesenchymal 
transition are associated with TPX2 gene expression.

Introduction

The two most common subtypes of lung cancer are 
LUAD and lung squamous cell carcinoma (LUSC); 

both are the leading cause of cancer-related death. 
Previously, they were classified as non-small cell lung 
cancer (NSCLC) [1], but the evidence suggests they 
should be classified and treated as distinct cancers 
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despite their similarities [2]. Non-small-cell lung cancer 
(NSCLC) accounts for 85% of all deaths worldwide [3] 
with LUAD representing 50–60% and LUSC 20–30% 
of all cases [4]. Personalized therapy in lung cancer has 
made significant progress, but a better understanding 
of clinical features of LUAD and LUSC is needed to 
improve treatment and prevention [5]. Lung adenocar-
cinoma accounts for 40% of all lung cancers and has 
distinct epidemiological, clinicopathological, and mo-
lecular properties [6]. Biomarkers for early detection, 
predicting high relapse and death rates, and target or 
immunological therapies are still insufficient. 

Lung cancer ranks first among all The Cancer 
Genome Atlas (TCGA) cancers [7, 8]. Recent progress 
in genomics and transcriptomics has allowed us to look 
at the molecular and regulatory processes that cause 
lung cancer, helping us find new target molecules that 
can improve outcomes for lung cancer patients. High-
throughput technologies have led to the discovery of new 
biomarkers, primarily for non-coding RNAs (ncRNAs) 
such as long ncRNAs (lncRNAs) and microRNAs 
(miRNAs) [9]. These ncRNAs play a crucial role in 
cell differentiation, cancer proliferation, and metas-
tasis. Dysregulation of downstream tumor-suppressor 
genes or oncogenes controlled by aggressive miRNAs 
leads to cancer development when the miRNA arm-im-
balance mechanism breaks [10]. 

TPX2, a protein involved in mitotic egg extracts, is 
crucial for the correct assembly of the mitotic spindle 
and in humans is located on chromosome 20q11.1 [11]. 
Overexpressed in various cancers, TPX2 is associated 
with poor prognosis [12–15]. Increased TPX2 expression 
improves proliferative, invasive, and migratory abilities 
in colorectal and cervical cancers [16, 17]. However, 
TPX2 downregulation in hepatocellular tumors could 
suppress these abilities via the PI3K/AKT/mTOR path-
way [18]. The exact role of TPX2 in lung cancer develop-
ment is unclear, and the molecular mechanisms behind 
its dysregulation remain vague despite extensive study. 
In this study, author examined the expression of TPX2, 
hsa-let-7b-5p (miRNA), and TMPO-AS1 (lncRNA) 
in lung adenocarcinoma and healthy tissue. The study 
elucidated cancer’s regulatory mechanisms behind 
TPX2 gene expression, highlighting the regulation 
of mRNA and ncRNAs, particularly hsa-let-7b-5p 
(miRNA) and TMPO-AS1 (lncRNA).

Material and methods

Expression analysis TPX2

The study utilized the UALCAN [19] and ENCORI 
[20] databases to analyze the expression of the TPX2 gene 
across TCGA cancers, comparing tumor and normal tis-
sues in both LUAD and LUSC.  

Survival analysis

The author of this article utilized the Kaplan-Meier 
(KM) plotter [21] for survival analysis of lung cancer 
datasets, focusing on the gene symbol TPX2, a key fac-
tor in the disease. The analysis included the histological 
subtypes adenocarcinoma and squamous cell carcinoma, 
as well as their associations with a history of smoking 
(“Gene symbol, Affy id: TPX2, 210052_s_at”).

The study focused on competitive endogenous 
RNA (ceRNA) regulatory network analysis

The study used the ENCORI and miRNet [22] data-
bases to analyze the miRNA/lncRNA network associated 
with TPX2. The ENCORI database verified the cor-
relation between TPX2 and miRNA and evaluated the  
correlations between miRNA and transcriptional fac-
tors. The author of this article evaluated the prognostic 
significance of TPX2-associated miRNA using the KM 
plotter. We used the Enrichr [23] and UALCAN data-
bases to identify lncRNA associated with TPX2 and vali-
dated the co-relation values using ENCORI.

Statistical analysis

The author of this article analyzed TPX2 gene ex-
pression using t-tests and online database models to 
compare tumors and tissues. The author of this article 
examined the relationship between TPX2 gene expres-
sion and prognosis. A log-rank test was used to compare 
survival rates, and the significance level was p < 0.05.

Results

The pan-cancer analysis highlights the prognostic 
significance of TPX2

The OncoMX database showed that TPX2 was overex-
pressed in lung cancer with a fold change of 4.25, as listed 
in Table 1. More research using the UALCAN databases 
showed that TPX2 was overexpressed in LUAD and LUSC, 
as shown in Figure 1A. Next, the author of this article 
analyzed the differential expression of TPX2 in LUAD 
and LUSC using the UALCAN database. The results showed 
that TPX2 was significantly overexpressed in both subtypes, 
LUAD and LUSC, with a fold change of 8.7 and 9.5, re-
spectively, as shown in Figures 1B, C. Figure 2D, G shows 
a consistent pattern of overexpression using two different da-
tabases, OncoDB and ENCORI, in both LUAD and LUSC. 

Prognostic significance of TPX2

The study then determined TPX2’s prognostic signifi-
cance using the KM plotter database. Results showed that 
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Table 1 . TPX2 gene expression in pan-cancer analysis 

UniProtKB/ 
/SwissProt

Gene 
symbol

Log2 
fold 
change

p-value Adjusted 
p-value

Signifi-
cant

Expression  
trend

TCGA study Patient 
frequency

Source

Q9ULW0 TPX2 0.38 0.0175 0.0327 Yes Up Thyroid cancer 33 TCGA

2.19 3.42E–34 1.83E–31 Yes Up Stomach cancer 24

2.12 1.96E–32 1.30E–30 Yes Up Liver cancer 29

3.83 3.20E–96 4.58E–93 Yes Up Uterine cancer 16

2.38 2.67E–20 3.83E–18 Yes Up Bladder cancer 13

1.73 1.79E–45 4.09E–43 Yes Up Head_and_neck 
cancer

36

4.25 1.33E–291 5.88E–288 Yes Up Lung cancer 78

2.4 1.31E–21 2.50E–18 Yes Up Esophageal 
cancer

7

1.87 2.60E–81 5.08E–79 Yes Up Colorectal  
cancer

45

1.48 2.61E–17 4.72E–16 Yes Up Prostate cancer 42

2.43 8.76E–86 6.87E–84 Yes Up Kidney cancer 82

3.55 3.01E–216 5.05E–213 Yes Up Breast cancer 97

TCGA — The Cancer Genome Atlas

overexpression of TPX2 was significantly associated with 
poor prognosis in lung cancer patients. The overall sur-
vival (OS) rate [hazard ratio (HR) = 1.79; confidence in- 
terval (CI) = 1.58–2.02; p < 1e–16] was 95.07 months 
in the low-expression cohort and 43.83 months in the  
high-expression cohort. Next, when the author of this 
article analyzed OS in LUAD patients (HR = 1.88; CI 
1.58–2.23; p = 2.8e–13). The low-expression cohort had 
OS of 117.33 months and the high-expression cohort 
48 months. It was suggested that TPX2 overexpression 
was significantly associated with poor prognosis, but 
when we examined OS in LUSC patients, we found its  
expression is less significantly correlated with poor prog-
nosis (HR = 1.19; CI = 0.96–1.48; p = 0.11), as shown 
in Figure 2A–C. However, overexpression of TPX2 in 
LUAD patients with a history of smoking predicted sig-
nificantly poorer survival (HR = 1.71; CI = 1.32–2.22; 
p = 4e–05), The low-expression cohort had OS of 
116 months and the high-expression cohort 59 months, 
compared to patients with squamous cell carcinoma 
and a history of smoking (HR = 1.29; CI = 0.76–2.19; 
p = 0.35), among whom the low-expression cohort 
had OS of 93 months and the high-expression cohort 
62 months, as shown in Figures 2D, E. Interestingly, 
the author of this article also checked TPX2 expression 
with smoking status in males (HR = 1.7; CI = 1.02–2.4; 
p = 0.0025) and females (HR = 1.72; CI = 1.16–2.55; 
p = 0.0063), and the author of this article found that 
both sexes are significantly associated with poor prog-
nosis, as shown in Figures 2F, G. These results suggest 

that TPX2 is a poor prognostic marker for all LUAD 
patients who have a history of smoking.

Competitive endogenous RNA regulatory network 

mRNA dysregulation of TPX2, linked to poor 
prognosis, tumor progression, and metastases, is in-
fluenced by microRNAs. A miRNA-mRNA network 
was created using the miRNet database to explore 
these microRNAs, and the study showed 12 miRNAs 
functioning in LUAD as shown in Figure 3A (TPX2, 
TMPO-AS1, hsa-let-7b-5p, hsa-mir-193b-3p, hsa-mir- 
-26a-5p, hsa-mir-26b-5p, hsa-mir-335-5p, hsa-mir-34a-
5p, hsa-mir-7-5p, hsa-mir-1-3p, hsa-mir-126-3p, hsa-mir- 
-138-5p, hsa-mir-155-5p, hsa-mir-16-5p, hsa-mir-203a-3p,  
hsa-mir-20a-5p, and hsa-let-7g-5p). The miRNet topol-
ogy, set to “concentric circle,” was found to be most 
suitable for miRNA associated with the TPX2, with 
hsa-let-7b-5p being in proximity with TMPO-AS1. The 
study utilized the CancerMIRNome database and KM 
plotter to examine the usefulness of miRNA expression 
for prognostic purposes. We found that hsa-let-7b-5p 
is significantly under-expressed in lung cancer, and its 
downregulation is also associated with good survival, 
as shown in Figures 3B, C. Next, the author of this 
article also analyzed TMPO-AS1 using the UALCAN 
database and KM plotter. The work were explored how 
TPX2, hsa-let-7b-5p, and associated lncRNA interact 
with miRNA stability and regulation to determine their 
sponge effect. TMPO-AS1 was found to have consistent 
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Figure 1. Expression pattern of TPX2 across The Cancer Genome Atlas (TCGA) cancers; A. The UALCAN database determined 
the expression profile of TPX2, with red boxes indicating its expression level in cancer and blue boxes indicating its expression level in 
normal tissues. Differential expression of TPX2 in lung cancer (B) lung adenocarcinoma (LUAD) (normal n = 59, tumor n = 515), (C) lung 
squamous cell carcinoma (LUSC) (normal n = 52, tumor n = 503), OncoDB (D) LUAD (normal n = 59, tumor n = 540), and (E) LUSC 
(normal n = 51, tumor n = 503), and ENCORI, LUAD (F) (normal n = 59, tumor n = 526), and (G) LUSC (normal n = 49, tumor n = 501)
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Figure 2. The study examined the prognostic role of mRNA expression of TPX2 in lung cancer patients. The author of this article 
plotted Kaplan-Meier survival curves for (A) lung cancer with overall survival (OS) (n = 2166), (B) adenocarcinoma (LUAD) 
(n = 1161), (C) squamous cell carcinoma (LUSC) (n = 780), (D) adenocarcinoma + history of smoking (n = 546), and (E) 
squamous cell carcinoma + history of smoking (n = 244), (F) adenocarcinoma + history of smoking + male sex (n = 319), 
and (G) adenocarcinoma + history of smoking + female sex (n = 227)
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overexpression in lung cancer, and the author of this 
article found a 9-fold change, as shown in Figure 3D. 
Surprisingly, we also found that TMPO-AS1 overexpres-
sion in LUAD patients predicted significantly poorer sur-
vival (HR = 2.16; CI = 1.69–2.7; p = 4.1e–10) compared 
to those with LUAD and smoking history (HR = 2.34; 
CI = 1.41–3.88; p = 0.00066), as shown in Figures 3E, 
F. Further, the author of this article correlated TPX2, 
TMPO-AS1, and hsa-let-7b-5p using the ENCORI 
database, and we found that TMPO-AS1 was positively 
correlated with TPX2 in LUAD, while hsa-let-7b-5p was 
negatively correlated with TPX2 in LUAD, as shown in 
Figures 3G–H. Based on the available data, we conclude 
that the TMPO-AS1/hsa-let-7b-5p/TPX2 feedback loop 
may contribute to progression of lung adenocarcinoma 
in smokers.

Discussion 

TPX2, a microtubule-associated protein, plays 
a crucial role in spindle apparatus assembly and DNA 
damage stress in various cancer tissues, including colon, 
esophagus, bladder, and liver cancer [24]. TPX2 can up-
regulate the expression of the matrix metalloproteinases 
(MMP) family by activating the PI3K/Akt pathway in 
colon cancer, and inhibiting TPX2 expression through 
downregulating MMP2 and MMP9 expression can 
inhibit liver cancer cell invasion [25]. A study found 
that TPX2 expression was significantly higher in lung 
cancer tissue than in tumor-adjacent tissue, and down-
regulation can inhibit lung cancer cell proliferation, 
migration, and invasion [18, 25, 26]. TPX2 is necessary 
for microtubule formation and regulates cell movement 
during important biological processes [27]. It has an on-
cogenic role in multiple malignancies, including gastric, 
colorectal, hepatocellular, and bladder cancers [28, 29]. 
A recent study suggested that TPX2 may be a prognostic 
marker to stratify high-risk lung cancer patients. High 
expression of TPX2 was significantly associated with poor 
overall survival in lung cancer patients with MYCN am-
plification [30]. Knockdown of TPX2 suppressed prolif-
eration and blocked cell cycle progression in lung cancer 
cell lines [25]. Targeting TPX2 could potentially serve as 
a novel therapy for lung cancer, given the high incidence 
of lung cancer and poor treatment outcomes [31].

This study investigated the molecular mechanism 
behind TPX2 dysregulation in lung adenocarcinoma 
as well as its potential use as a prognostic biomarker 
for lung cancer patients who have a history of smoking. 
Compared to LUAD, differential expression analysis of 
TPX2 in both lung adenocarcinoma and lung squamous 
cell carcinoma suggested a close association between 
TPX2 and lung squamous cell carcinoma. However, fur-
ther survival analysis demonstrated a significant associa-
tion between TPX2 overexpression and poor prognosis 

in LUAD patients, particularly those with a history of 
smoking. We identified E2F1 as a potential transcrip-
tional regulator of TPX2, elucidating its contribution to 
TPX2 dysregulation in LUAD. The study also explored 
the role of microRNAs and long non-coding RNAs 
in regulating TPX2 expression through the ceRNA  
network. Aggressive lung adenocarcinoma states, 
including invasion, proliferation, and metastasis, are 
associated with TPX2 overexpression. This knowledge 
provides a better understanding of how to target TPX2 in 
lung cancer treatments. The study analyzed the role of 
microRNAs and long non-coding RNAs in regulating 
TPX2 expression through the ceRNA network. TPX2 was 
associated with 12 miRNAs, with hsa-let-7b-5p being 
the key miRNA negatively correlated with TPX2 expres-
sion. Downregulation of hsa-let-7b-5p was associated with 
a poor prognosis. The long noncoding RNA TMPO-AS1  
had a positive relationship with TPX2 expression 
and a negative relationship with hsa-let-7b-5p. This sug-
gests that it may control TPX2 expression in LUAD. This 
ceRNA network dysregulation was associated with adverse 
clinical outcomes, emphasizing its significance in lung 
adenocarcinoma and prognosis for smokers. Targeting 
TPX2 in lung cancer treatments is crucial.

Conclusions

The study showed that lung cancer (LUAD) and  
smoking have poor prognosis due to increased TPX2 ex-
pression, regulated by lncRNA TMPO-AS1 and nega-
tively correlated with miRNA hsa-let-7b-5p. High 
miRNA hsa-let-7b-5p levels may lead to decreased 
TPX2 expression, potentially improving prognosis in 
LUAD patients with a history of smoking. Molecular 
biology techniques such as RNA-protein binding assays 
and gene expression analysis could help understand 
this mechanism. Targeting miRNA hsa-let-7b-5p 
could potentially inhibit tumor growth and improve 
patient outcomes.

Article Information and Declarations

Data availability statement
The data that support the findings of this in silico 
analysis are available from the corresponding author 
upon request.

Ethics statement
This study did not require ethical approval. 

Author contributions
R.N.: conception, study design, critical reading, intel-
lectual assessment of the manuscript, and preparation 
of the manuscript.



8

ONCOLOGY IN CLINICAL PRACTICE

Funding 
R.N. would like to thank Manipal University Jaipur for 
the Enhanced Seed Grant under the Endowment Fund 
(No. E3/2023-24/QE-04-05).

Acknowledgments
R.N. would like to thank Manipal University Jaipur for 
the Enhanced Seed Grant under the Endowment Fund 
(No. E3/2023-24/QE-04-05).

Conflict of interest
The author declare that have no competing interests. 

Supplementary material
None.

References

1.	 Chen JW, Dhahbi J. Lung adenocarcinoma and lung squamous cell 
carcinoma cancer classification, biomarker identification, and gene 
expression analysis using overlapping feature selection methods. Sci 
Rep. 2021; 11(1): 13323, doi: 10.1038/s41598-021-92725-8, indexed 
in Pubmed: 34172784.

2.	 Xia H, Zhang H, Ruan Z, et al. Neoadjuvant camrelizumab (an anti-
-PD-1 antibody) plus chemotherapy or apatinib (a VEGFR-2 inhibitor) 
for initially unresectable stage II-III non-small-cell lung cancer: a mul-
ticentre, two-arm, phase 2 exploratory study. Signal Transduct Target 
Ther. 2024; 9(1): 145, doi: 10.1038/s41392-024-01861-w, indexed in 
Pubmed: 38871690.

3.	 Wang X, Romero-Gutierrez CW, Kothari J, et al. Prediagnosis Smoking 
Cessation and Overall Survival Among Patients With Non-Small Cell 
Lung Cancer. JAMA Netw Open. 2023; 6(5): e2311966, doi: 10.1001/ja-
manetworkopen.2023.11966, indexed in Pubmed: 37145597.

4.	 Wang W, Liu H, Li G. What’s the difference between lung adenocarcino-
ma and lung squamous cell carcinoma? Evidence from a retrospective 
analysis in a cohort of Chinese patients. Front Endocrinol (Lausanne). 
2022; 13: 947443, doi: 10.3389/fendo.2022.947443, indexed in Pub-
med: 36105402.

5.	 Pakkala S, Ramalingam SS. Personalized therapy for lung cancer: 
striking a moving target. JCI Insight. 2018; 3(15), doi:  10.1172/jci.
insight.120858, indexed in Pubmed: 30089719.

6.	 Liu J, Hou S, Wang J, et al. A Prognostic 14-Gene Expression Signature 
for Lung Adenocarcinoma: A Study Based on TCGA Data Mining. Oxid 
Med Cell Longev. 2020; 2020: 8847226, doi: 10.1155/2020/8847226, 
indexed in Pubmed: 33414898.

7.	 Cancer Genome Atlas Research Network. Comprehensive molecular 
profiling of lung adenocarcinoma. Nature. 2014; 511(7511): 543–550, 
doi: 10.1038/nature13385, indexed in Pubmed: 25079552.

8.	 Chen JW, Dhahbi J. Lung adenocarcinoma and lung squamous cell 
carcinoma cancer classification, biomarker identification, and gene 
expression analysis using overlapping feature selection methods. Sci 
Rep. 2021; 11(1): 13323, doi: 10.1038/s41598-021-92725-8, indexed 
in Pubmed: 34172784.

9.	 Ratti M, Lampis A, Ghidini M, et al. MicroRNAs (miRNAs) and Long 
Non-Coding RNAs (lncRNAs) as New Tools for Cancer Therapy: First 
Steps from Bench to Bedside. Target Oncol. 2020; 15(3): 261–278, 
doi: 10.1007/s11523-020-00717-x, indexed in Pubmed: 32451752.

10.	 Pekarek L, Torres-Carranza D, Fraile-Martinez O, et al. An Overview 
of the Role of MicroRNAs on Carcinogenesis: A Focus on Cell 
Cycle, Angiogenesis and Metastasis. Int J Mol Sci. 2023; 24(8), 
doi: 10.3390/ijms24087268, indexed in Pubmed: 37108432.

11.	 Zhang R, Roostalu J, Surrey T, et al. Structural insight into TPX2-stimu-
lated microtubule assembly. eLife. 2017; 6, doi: 10.7554/elife.30959.

12.	 Zhang W, Dong J, Wu Y, et al. Integrated Bioinformatic Analysis Reveals 
the Oncogenic, Survival, and Prognostic Characteristics of TPX2 in He-

patocellular Carcinoma. Biochem Genet. 2024 [Epub ahead of print], 
doi: 10.1007/s10528-024-10840-3, indexed in Pubmed: 38833082.

13.	 Wang J, Zheng H, He H, et al. TPX2 Serves as a Cancer Suscep-
tibility Gene and Is Closely Associated with the Poor Prognosis 
of Endometrial Cancer. Genetics Research. 2022; 2022: 1–14, 
doi: 10.1155/2022/5401106.

14.	 Zhu H, Liu J, Feng J, et al. Overexpression of TPX2 predicts poor 
clinical outcome and is associated with immune infiltration in 
hepatic cell cancer. Medicine (Baltimore). 2020; 99(49): e23554, 
doi: 10.1097/MD.0000000000023554, indexed in Pubmed: 33285774.

15.	 van Gijn SE, Wierenga E, van den Tempel N, et al. TPX2/Aurora kinase 
A signaling as a potential therapeutic target in genomically unstable 
cancer cells. Oncogene. 2019; 38(6): 852–867, doi: 10.1038/s41388-
018-0470-2, indexed in Pubmed: 30177840.

16.	 Wei P, Zhang Nu, Xu Ye, et al. TPX2 is a novel prognostic marker for 
the growth and metastasis of colon cancer. J Transl Med. 2013; 11: 
313, doi: 10.1186/1479-5876-11-313, indexed in Pubmed: 24341487.

17.	 Wang J, Zheng H, He H, et al. TPX2 Serves as a Cancer Suscep-
tibility Gene and Is Closely Associated with the Poor Prognosis of 
Endometrial Cancer. Genet Res (Camb). 2022; 2022: 5401106, 
doi: 10.1155/2022/5401106, indexed in Pubmed: 35356748.

18.	 Huang DH, Jian J, Li S, et al. TPX2 silencing exerts antitumor effects on 
hepatocellular carcinoma by regulating the PI3K/AKT signaling pathway. 
Int J Mol Med. 2019; 44(6): 2113–2122, doi: 10.3892/ijmm.2019.4371, 
indexed in Pubmed: 31638175.

19.	 Chandrashekar DS, Bashel B, Balasubramanya SA, et al. UALCAN: 
A Portal for Facilitating Tumor Subgroup Gene Expression and 
Survival Analyses. Neoplasia. 2017; 19(8): 649–658, doi: 10.1016/j.
neo.2017.05.002, indexed in Pubmed: 28732212.

20.	 Li JH, Liu S, Zhou H, et al. starBase v2.0: decoding miRNA-ceRNA, 
miRNA-ncRNA and protein-RNA interaction networks from large-
-scale CLIP-Seq data. Nucleic Acids Res. 2014; 42(Database issue): 
D92–D97, doi: 10.1093/nar/gkt1248, indexed in Pubmed: 24297251.

21.	 Győrffy B. Transcriptome-level discovery of survival-associated 
biomarkers and therapy targets in non-small-cell lung cancer. Br J 
Pharmacol. 2024; 181(3): 362–374, doi: 10.1111/bph.16257, indexed 
in Pubmed: 37783508.

22.	 Chang Le, Zhou G, Soufan O, et al. miRNet 2.0: network-based visual 
analytics for miRNA functional analysis and systems biology. Nucleic 
Acids Res. 2020; 48(W1): W244–W251, doi: 10.1093/nar/gkaa467, 
indexed in Pubmed: 32484539.

23.	 Kuleshov MV, Jones MR, Rouillard AD, et al. Enrichr: a comprehensive 
gene set enrichment analysis web server 2016 update. Nucleic Acids 
Res. 2016; 44(W1): W90–W97, doi: 10.1093/nar/gkw377, indexed in 
Pubmed: 27141961.

24.	 Neumayer G, Belzil C, Gruss OJ, et al. TPX2: of spindle assembly, 
DNA damage response, and cancer. Cell Mol Life Sci. 2014; 71(16): 
3027–3047, doi:  10.1007/s00018-014-1582-7, indexed in Pub-
med: 24556998.

25.	 Liu Qu, Yang P, Tu K, et al. TPX2 knockdown suppressed hepato-
cellular carcinoma cell invasion via inactivating AKT signaling and 
inhibiting MMP2 and MMP9 expression. Chin J Cancer Res. 2014; 
26(4): 410–417, doi:  10.3978/j.issn.1000-9604.2014.08.01, indexed 
in Pubmed: 25232213.

26.	 Hu J, He Q, Tian T, et al. Transmission of Exosomal TPX2 Promotes 
Metastasis and Resistance of NSCLC Cells to Docetaxel. Onco Tar-
gets Ther. 2023; 16: 197–210, doi: 10.2147/OTT.S401454, indexed in 
Pubmed: 37009264.

27.	 Wadsworth P. TPX2. Curr Biol. 2015; 25(24), doi:  10.1016/j.
cub.2015.10.003.

28.	 Koike Y, Yin C, Sato Y, et al. TPX2 is a prognostic marker and promo-
tes cell proliferation in neuroblastoma. Oncol Lett. 2022; 23(4): 136, 
doi: 10.3892/ol.2022.13256, indexed in Pubmed: 35317024.

29.	 Shao T, Jiang X, Bao G, et al. Comprehensive Analysis of the Onco-
genic Role of Targeting Protein for Xklp2 (TPX2) in Human Malignan-
cies. Dis Markers. 2022; 2022: 7571066, doi: 10.1155/2022/7571066, 
indexed in Pubmed: 36304254.

30.	 Takahashi Y, Sheridan P, Niida A, et al. The AURKA/TPX2 axis drives 
colon tumorigenesis cooperatively with MYC. Ann Oncol. 2015; 
26(5): 935–942, doi:  10.1093/annonc/mdv034, indexed in Pub-
med: 25632068.

31.	 Zhou F, Wang M, Aibaidula M, et al. TPX2 Promotes Metastasis and 
Serves as a Marker of Poor Prognosis in Non-Small Cell Lung Can-
cer. Med Sci Monit. 2020; 26: e925147, doi: 10.12659/MSM.925147, 
indexed in Pubmed: 32748897.

http://dx.doi.org/10.1038/s41598-021-92725-8
https://www.ncbi.nlm.nih.gov/pubmed/34172784
http://dx.doi.org/10.1038/s41392-024-01861-w
https://www.ncbi.nlm.nih.gov/pubmed/38871690
http://dx.doi.org/10.1001/jamanetworkopen.2023.11966
http://dx.doi.org/10.1001/jamanetworkopen.2023.11966
https://www.ncbi.nlm.nih.gov/pubmed/37145597
http://dx.doi.org/10.3389/fendo.2022.947443
https://www.ncbi.nlm.nih.gov/pubmed/36105402
http://dx.doi.org/10.1172/jci.insight.120858
http://dx.doi.org/10.1172/jci.insight.120858
https://www.ncbi.nlm.nih.gov/pubmed/30089719
http://dx.doi.org/10.1155/2020/8847226
https://www.ncbi.nlm.nih.gov/pubmed/33414898
http://dx.doi.org/10.1038/nature13385
https://www.ncbi.nlm.nih.gov/pubmed/25079552
http://dx.doi.org/10.1038/s41598-021-92725-8
https://www.ncbi.nlm.nih.gov/pubmed/34172784
http://dx.doi.org/10.1007/s11523-020-00717-x
https://www.ncbi.nlm.nih.gov/pubmed/32451752
http://dx.doi.org/10.3390/ijms24087268
https://www.ncbi.nlm.nih.gov/pubmed/37108432
http://dx.doi.org/10.7554/elife.30959
http://dx.doi.org/10.1007/s10528-024-10840-3
https://www.ncbi.nlm.nih.gov/pubmed/38833082
http://dx.doi.org/10.1155/2022/5401106
http://dx.doi.org/10.1097/MD.0000000000023554
https://www.ncbi.nlm.nih.gov/pubmed/33285774
http://dx.doi.org/10.1038/s41388-018-0470-2
http://dx.doi.org/10.1038/s41388-018-0470-2
https://www.ncbi.nlm.nih.gov/pubmed/30177840
http://dx.doi.org/10.1186/1479-5876-11-313
https://www.ncbi.nlm.nih.gov/pubmed/24341487
http://dx.doi.org/10.1155/2022/5401106
https://www.ncbi.nlm.nih.gov/pubmed/35356748
http://dx.doi.org/10.3892/ijmm.2019.4371
https://www.ncbi.nlm.nih.gov/pubmed/31638175
http://dx.doi.org/10.1016/j.neo.2017.05.002
http://dx.doi.org/10.1016/j.neo.2017.05.002
https://www.ncbi.nlm.nih.gov/pubmed/28732212
http://dx.doi.org/10.1093/nar/gkt1248
https://www.ncbi.nlm.nih.gov/pubmed/24297251
http://dx.doi.org/10.1111/bph.16257
https://www.ncbi.nlm.nih.gov/pubmed/37783508
http://dx.doi.org/10.1093/nar/gkaa467
https://www.ncbi.nlm.nih.gov/pubmed/32484539
http://dx.doi.org/10.1093/nar/gkw377
https://www.ncbi.nlm.nih.gov/pubmed/27141961
http://dx.doi.org/10.1007/s00018-014-1582-7
https://www.ncbi.nlm.nih.gov/pubmed/24556998
http://dx.doi.org/10.3978/j.issn.1000-9604.2014.08.01
https://www.ncbi.nlm.nih.gov/pubmed/25232213
http://dx.doi.org/10.2147/OTT.S401454
https://www.ncbi.nlm.nih.gov/pubmed/37009264
http://dx.doi.org/10.1016/j.cub.2015.10.003
http://dx.doi.org/10.1016/j.cub.2015.10.003
http://dx.doi.org/10.3892/ol.2022.13256
https://www.ncbi.nlm.nih.gov/pubmed/35317024
http://dx.doi.org/10.1155/2022/7571066
https://www.ncbi.nlm.nih.gov/pubmed/36304254
http://dx.doi.org/10.1093/annonc/mdv034
https://www.ncbi.nlm.nih.gov/pubmed/25632068
http://dx.doi.org/10.12659/MSM.925147
https://www.ncbi.nlm.nih.gov/pubmed/32748897

