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Background: Lung cancer is a heterogeneous malignant tumor involving more than 50 histological 
subtypes. Currently, molecularly targeted drugs have been shown to have promising applications in the 
clinical treatment of lung cancer. This study aims to explore the expression patterns and prognostic potential 
of enolase 2 (ENO2) in lung cancer. 
Methods: Differential expressions of ENO2 in lung cancer cases were analyzed using the Oncomine 
database. Meanwhile, the prognostic potentials of ENO2 in lung cancer were assessed by deploying the 
Kaplan-Meier plotter database. 
Results: Forty-one studies reported a significant difference in ENO2 expression between tumors and the 
normal healthy control tissues. Among all the studies, there was an upregulation of ENO2 in 29 studies, and 
downregulation in 12 studies. 9/41 studies revealed upregulated ENO2 in distinct types of tumor tissues, 
including cervical cancer, esophageal cancer, kidney cancer, leukemia, melanoma, pancreatic cancer, sarcoma, 
and lung cancer. Furthermore, upregulated ENO2 was identified in 365 cases of lung cancer (P<0.05). 
By analyzing the Kaplan-Meier Plotter database, the ENO2 level was negatively correlated to the overall 
survival of lung cancer patients (P<0.05). Subsequently, subgroup analysis revealed that the prognostic 
potential of ENO2 was much more pronounced in lung adenocarcinoma patients (P<0.05). 
Conclusions: ENO2 is upregulated in lung cancer tissues and linked to the prognosis. It can be used as a 
therapeutic target for developing lung cancer drugs.
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Introduction

Lung cancer is a heterogeneous malignant tumor involving 
more than 50 histological subtypes (1-3). The incidence and 
mortality rates of lung cancer rank first place in China and 
worldwide (4,5). The GLOBOCAN database has estimated 
that there were 2.09 million new cases of lung cancer and 
1.76 million deaths worldwide in 2018.

The two main subtypes of lung cancer are small-cell 
lung carcinoma (SCLC) and non-small-cell lung carcinoma 
(NSCLC), and the latter can be further categorized into 
adenocarcinoma, squamous-cell carcinoma (SCC) and large-
cell lung carcinoma (LCLC). Radical surgery is preferred 
for early-stage NSCLC and some cases of locally advanced 
NSCLC. However, the long-term effects of radical surgery 
are unsatisfactory (6). Significant efforts have been made 
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for exploring molecular biology and genomics of lung 
cancer, and therapeutic strategies for lung cancer have been 
improved as well.

Currently, molecularly targeted drugs have been shown 
to have promising applications in the clinical treatment 
of lung cancer (7). Enolase 2 (ENO2), also known as 

neuron-specific enolase (NSE), promotes the conversion of 
β-glycerol phosphate to acetone dihydroxyphosphate, which 
is of significance in glycolysis. Glycolysis can trigger tumor 
cell proliferation by supplying the energy required by the 
tumor (8,9). Therefore, we have speculated that ENO2 
plays a role in tumor progression. In recent research, 
cancer-associated databases have been extensively used. At 
present, there are few reports on the relationship between 
lung cancer and ENO2. Therefore, this study aims to 
explore the expression pattern of ENO2 in lung cancer and 
its prognostic significance using the Oncomine database and 
Kaplan-Meier Plotter database, respectively. Our results 
may supply theoretical evidence for clarifying the potential 
mechanisms of lung cancer progression.

Methods 

Data acquisition from the Oncomine database

The available data was assessed using the Oncomine 
database (https://www.oncomine.org//resource//login.
html) according to the following criteria: (I) gene: ENO2; 
(II) cancer type: lung cancer; (III) data type: all; (IV) 
analysis type: cancer vs. normal analysis; (V) thresholds: P 
value <1E−4, fold change >2 and gene rank = top 10%. A 
significant difference was set at a P value <0.05.

Kaplan-Meier plotter database analysis on survival in 
lung cancer

Survival analysis data of lung cancer patients were searched 
in the Kaplan-Meier Plotter Database (http://kmplot.com/
analysis/) according to the following criteria: (I) cancer: 
lung cancer; (II) gene: ENO2; (III) split patients by auto 
select best cutoff; (IV) survival: OS. A significant difference 
was set at P value <0.05.

Results

Differential expressions of ENO2 in tumors

By searching the Oncomine database, we obtained 447 
studies involving ENO2 expressions in different tumor 
types. Among them, 41 studies reported a significant 
difference in ENO2 expression between the tumors and 
normal tissues, which were recruited for further analysis. 
Among them, there was an upregulation of ENO2 in 29 
studies, and downregulation in 12 studies. As shown in 
Figure 1, downregulated ENO2 was reported in the brain 

Figure 1 Differential expressions of ENO2 in tumors. ENO2, 
enolase 2.
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and central nervous system tumors (n=9), leukemia (n=2), 
and prostate cancer (n=1). Upregulated ENO2 was reported 
in the cervical cancer (n=3), esophageal cancer (n=2), kidney 
cancer (n=7), leukemia (n=2), melanoma (n=1), pancreatic 
cancer (n=2), sarcoma (n=4), lung cancer (n=4) and others 
(n=4).

Expression pattern of ENO2 in lung cancer tissues

Differential expressions of ENO2 between lung cancer 
tissues (adenocarcinoma, SCC, and LCLC) and adjacent 
normal ones were reported in 4 studies (3 datasets and 
4 studies), involving 365 tissue samples. The 4 studies, 
including Talbot (10), Selamat (11), Hou et al. (12), and 
others, were published in the PLoS One, Genome Res, BMC 
Genomics, Cancer Res and Sci Transl Med journal datasets. 
Based on the meta-analysis findings, ENO2 was upregulated 
in lung cancer tissues compared to that in normal tissues (the 
median level of ENO2 in all differentially expressed genes 
was 1591.5, P=1.07E−5) (Figure 2).

Differential expressions of ENO2 in lung cancer 
microarrays

In a group of 4 microarray datasets, including Talbot (10),  
Selamat (11), Hou et al. (12), and others, ENOS was 

significantly upregulated in lung cancer tissues than in 
normal tissues (P<0.05) (Figure 3).

Prognostic potential of ENO2 in lung cancer

Survival analysis was conducted using the Kaplan-Meier 
Plotter database to address the prognostic potential of 
ENO2 in lung cancer. It is shown that the ENO2 level was 
negatively correlated to the overall survival of lung cancer 
patients. Compared with lung cancer patients expressing a 
low level of ENO2, those with an elevated level of ENO2 
had worse survival (P<0.01). Subgroup analyses further 
identified that ENO2 was related to the overall survival 
of adenocarcinoma patients (P<0.01). Furthermore, it was 
unrelated to that in SCC patients (P=0.36) (Figure 4).

Discussion

As a strain of long-chain acidic dimer protein, ENO2 has 
two enolase isoenzymes (γγ and αγ) or 433 amino acids. 
ENO2 is expressed in nerve cells and neuroendocrine 
cells. Tumor cells are derived from these amino acids. 
Furthermore, it is also expressed in red blood cells, platelets, 
breast tissue, prostate, and uterus tissues (13,14). ENO2 has 
been reported to be upregulated in glioma, gastric cancer, 
prostate cancer, and many other types of malignant tumors 

Figure 2 Expression pattern of ENO2 in lung cancer tissues in the Oncomine database. ENO2, enolase 2.
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Figure 3 Differential expressions of ENO2 in lung cancer microarrays. ENO2, enolase 2.
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(15-17). Yan et al. (17) suggested that ENO2 was significantly 
upregulated in hypoxic and serum-starved glioma cells. The 
silence of ENO2 inhibited glioma cell growth, showing 
that glycolysis triggers tumor cell growth under stress. 
Their research also proposed that the C-terminal peptide 
of ENO2 could regulate the cytoskeleton structure of 
actin through RhoA kinase, thus influencing glioma cell 
metastasis. It is suggested that ENO2 is also correlated to 
the metastasis of malignant tumors.

Recent studies have focused on the potential of ENO2 as 
a tumor biomarker (18). ENO2 can be utilized as a useful 
biomarker for diagnosing, predicting the prognosis and 
recurrence, and treating malignant tumors (e.g., seminoma, 
medullary thyroid carcinoma, and neuroblastoma). Liu  
et al. (19) showed that serum level of ENO2 was correlated 

with the immune types and risk stratification of acute 
lymphoblastic leukemia (ALL), as well as a serum level 
of lactate dehydrogenase (LDH). The overexpression of 
ENO2 mRNA induces cell proliferation, glycolysis, and 
glucocorticoid tolerance in ALL cases via upregulating 
glycolysis-associated genes and Akt activity. Hence, ENO2 
can serve as a biomarker for chemotherapy efficacy and 
recurrence in ALL patients. The potential of ENO2 in 
diagnosing and predicting the prognosis and therapeutic 
efficacy in lung cancer has been previously reported (20,21).

In this study, we analyzed differential expressions of 
ENO2 in different tumor tissues using the Oncomine 
database. In 41 studies reporting the significant difference 
in ENO2 expression, nine studies revealed upregulated 
ENO2 in different types of tumor tissues, including 
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Figure 4 Prognostic potential of ENO2 in lung cancer. (A) Lung cancer; (B) lung adenocarcinoma; (C) lung squamous cell carcinoma. 
ENO2, enolase 2.
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cervical cancer, esophageal cancer, kidney cancer, leukemia, 
melanoma, pancreatic cancer, sarcoma, and lung cancer. 
Furthermore, upregulated ENO2 was identified in 365 
cases of lung cancer, including adenocarcinoma, SCC, and 
LCLC. We after that analyzed the prognostic potential 
of ENO2 in lung cancer using the Kaplan-Meier Plotter 
database. Kaplan-Meier Plotter database, an extensively 
applied online database to predict the correlation between 
gene expressions and tumor prognosis, harbors the reliable 
information of 3,452 lung cancer samples. Our findings 
uncovered that the ENO2 level was negatively correlated to 
the overall survival of lung cancer. That is, an elevated level 
of ENO2 predicted poor prognosis of patients. The later 
subgroup analysis yielded the conclusion that the prognostic 
potential of ENO2 was much more pronounced in lung 
adenocarcinoma patients.

Collectively, this study analyzed the expression pattern 
and prognostic potential of ENO2 in lung cancer cases 
using Oncomine and Kaplan-Meier Plotter databases. It 
is uncovered that ENO2 is upregulated in lung cancer 
patients, and highly expressed ENO2 does not favor the 
overall survival in lung cancer. Our conclusions may supply 
a new path for exploring the mechanisms of lung cancer and 
developing diagnostic or prognostic biomarkers, as well as 
target drugs. Notably, some limitations of this study should 
be noteworthy. First, the heterogeneity between studies 
should not be neglected. Secondly, the small sample size in 
some studies may lead to biases. Thirdly, our conclusion 
can be limited because all data were solely acquired from 
the Oncomine database and we will further confirm the 
role of ENO2 in lung cancer through cytology experiments 

and animal model experiments in the near future. We will 
also test the expression of ENO2 in lung cancer tissues 
and prove the clinicopathological correlation analysis 
between the expression of ENO2 and lung cancer. In future 
explorations, the potential role of ENO2 in lung cancer 
progression should be confirmed with experimental and 
clinical studies.
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