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Abstract: A number of studies have revealed that nuclear paraspeckle assembly transcript 1 

(NEAT1), a long noncoding RNA (lncRNA), was aberrantly regulated in various cancers. High 

NEAT1 expression was associated with a poor prognosis and an increased risk of lymph node 

metastasis (LNM) in cancer patients. This meta-analysis was conducted to identify the potential 

value of NEAT1 as a biomarker for cancer prognosis. We searched the electronic databases 

PubMed, Web of Science, and China National Knowledge Infrastructure (up to November 13,  

2016) to collect all relevant studies to explore the association between the expression of  

lncRNA NEAT1 and overall survival (OS) and LNM. The results showed that cancer patients 

with high NEAT1 expression had a poorer OS than those with low NEAT1 expression (hazard 

ratio: 1.88, 95% confidence interval [CI]: 1.41–2.50, P=0.000). Subgroup analyses by cancer 

type and sample size indicated that digestive system cancer patients with high NEAT1 expres-

sion experienced an increased risk of developing LNM (odds ratio: 1.96, 95% CI: 1.25–3.06, 

P=0.003). In conclusion, the present meta-analysis showed that high expression of NEAT1 

might potentially serve as a reliable biomarker for poor clinical outcome in various cancers. 

However, owing to the limited size of samples, further clinical studies are required to verify 

our findings.

Keywords: NEAT1, lncRNA, prognosis, lymph node metastasis, meta-analysis

Introduction
Long noncoding RNAs (lncRNAs) are a class of RNAs larger than 200 nucleotides 

and lack protein coding capability.1 Recently, large-scale studies have shown that 

these kinds of nonprotein-coding transcripts play critical roles in cellular regulatory 

processes, such as transcriptional regulation, epigenetic modification, and human 

disease.2 Moreover, with the advances in next-generation sequencing, accumulating 

evidence has shown the dysregulated expression of numerous lncRNAs in human 

cancers.3 Meanwhile, emerging reports have demonstrated that lncRNAs may act as 

oncogenes and tumor suppressor genes through affecting cell proliferation, apoptosis, 

migration, and genomic stability.4,5 The aberrant expression profiles of lncRNAs in 

different cancer types indicated that this class of molecules could be applied to tumor 

diagnosis, prognosis, and therapies.6–8

Nuclear paraspeckle assembly transcript 1 (NEAT1) gene is located on chromo-

some 11q13.1 and has six transcripts.9 The transcript NEAT1-001, also named lncRNA 

NEAT1, owns two isoforms: 3.7-kb-long NEAT1_1 and 23-kb-long NEAT1_2.10 

Previous studies revealed that lncRNA NEAT1 functions as an essential structural 

component of a nuclear domain called paraspeckles.11,12 Cumulatively, further studies 

identified that NEAT1 was aberrantly expressed in a number of solid tumors, including 

colorectal cancer, gastric cancer, and other human malignancies.13–22 Moreover, 
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regulating the expression of NEAT1 in vitro significantly 

affected the proliferation, migration, and invasion of tumor 

cells, suggesting that this lncRNA could exert functions in 

cancer progression. To explore the correlation of NEAT1 

with cancer prognosis and lymph node metastasis (LNM), 

we collected all relevant studies and conducted this quantita-

tive meta-analysis.

Materials and methods
search strategy
We carefully searched the online PubMed, Web of Science, 

and China National Knowledge Infrastructure (CNKI) data-

bases (updated to November 13, 2016). The search terms 

were as the following: “NEAT1 OR Nuclear paraspeckle 

assembly transcript 1” AND “cancer OR tumor OR 

neoplasm”. A manual review of the references of relevant 

articles was also performed to obtain other potential studies. 

Our meta-analysis collected all relevant studies to explore 

the association of lncRNA NEAT1 with overall survival 

(OS) and LNM.

selection criteria
Inclusion criteria were as follows: 1) the expression levels 

of NEAT1 in primary cancerous tissues were measured, 

2) patients were divided into high and low expression groups 

based on the expression levels of NEAT1, 3) articles inves-

tigating the correlation between NEAT1 expression and 

OS in any cancer types, 4) hazard ratios (HRs) with 95% 

confidence intervals (CIs) were reported or sufficient data 

were available to evaluate the HRs and 95% CIs, and 5) the 

number of patients with LNM in each group was recorded 

to calculate the odds ratios (ORs) with 95% CIs. Exclusion 

criteria were the following: 1) editorials, letters, expert 

opinions, reviews, and case reports; 2) studies without usable 

data; and 3) duplicate publications.

Data extraction
Two investigators (TC and HW) extracted data independently 

from the eligible studies, and disagreements were resolved 

by the third investigator (PY). The following information 

was listed as follows: the first author, year of publication, 

country, cancer type, sample size of patients, number of high 

NEAT1 expression group and low expression group, number 

of patients with LNM in each group, detection method of 

NEAT1, cutoff values, survival analysis method, and the 

sources of HRs (95% CI). In two studies, we extracted the 

relevant numerical value to calculate HRs with their 95% 

CIs from the Kaplan–Meier survival curve using Engauge 

Digitizer version 4.1.23

statistical analysis
The effect of NEAT1 on survival outcome was evaluated by 

the HRs (95% CIs), and the relationship between NEAT1 

and LNM was presented as the ORs (95% CIs). The I2 

statistic was used to measure the statistical heterogeneity 

among studies. The random-effects model was adopted if 

significant heterogeneity was observed (I2.50% or P,0.05). 

Otherwise, the fixed-effects model was chosen.24,25 We also 

performed sensitivity analysis to estimate the stability of 

our results. Publication bias was evaluated by using funnel 

plots, Begg’s, and Egger’s test.26 P,0.05 was considered to 

be statistically significant, and all the P-values were two-

tailed. Statistical analyses of HRs for OS and the ORs for 

LNM were conducted by STATA 12.0 software (StataCorp 

LP, College Station, TX, USA).

Results
eligible studies and characteristics
Initially, 145 articles were obtained by searching from 

PubMed, Web of Science, and CNKI databases. Among these 

studies, 57 duplicates were removed and 76 records were 

excluded due to irrelevant contents. By further reviewing 

remaining 12 articles, another 2 studies lacking available HRs 

or ORs (95% CI) were excluded. Finally, 10 articles contain-

ing 3,085 subjects were included in the meta-analysis. The 

flow diagram of the selection process is shown in Figure 1.

The main characteristics are summarized in Table 1. 

Nine included studies came from the People’s Republic of 

China, and one study was conducted in UK and Canada. Ten 

different types of cancers were evaluated, including esopha-

geal squamous cell carcinoma, colorectal cancer, breast 

cancer, ovarian cancer, gastric cancer, glioma, endometrial 

endometrioid adenocarcinoma, nasopharyngeal carcinoma, 

non-small cell lung cancer, and bladder cancer. Quantita-

tive real-time polymerase chain reaction was used in eight 

studies,13–18,20,21 and in situ hybridization was performed in 

one research to assess NEAT1 expression.19 In addition, using 

RNA microarrays, Choudhry et al categorized patients with 

breast cancer according to NEAT1 expression.22 HRs and 

95% CIs were directly extracted from six studies, whereas 

these necessary statistical variables were calculated by sur-

vival curves in two studies.

Os is associated with neaT1 expression
Eight studies consisting of 2,945 patients reported the OS 

according to NEAT1 expression levels, and the median sam-

ple size was 135.5 (range 94–2,000) in this meta-analysis. 

Because there was significant heterogeneity across our inclu-

ded studies (I2=66.2%, P=0.004; Figure 2), the random-effects 
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model was applied to estimate the pooled HRs and the respec-

tive 95% CIs. Our result revealed that high level of NEAT1 

expression could predict poor OS in various cancers (pooled 

HR: 1.88, 95% CI: 1.41–2.50, P=0.000; Figure 2).

Subsequently, we performed subgroup analyses accord-

ing to the following categories: cancer type (digestive system 

and nondigestive system), survival analysis (multivariate 

analysis and univariate analysis), and sample size (,135.5 

and $135.5) to further evaluate the association between 

NEAT1 expression and OS. As the results shown in Table 2, 

compared with the total pooled HR, increased NEAT1 exhib-

ited a strong correlation with poor OS in a majority of the 

subgroups (all P,0.01), except in the subgroup of univariate 

analysis (HR: 1.88, 95% CI: 0.93–3.84, P=0.08). In addition, 

significant heterogeneity was still observed in the subgroups 

of nondigestive system, univariate analysis, and sample 

size $135.5 (all I2.50%, P,0.05).

relationship between neaT1 and lnM
Five studies reported the number of patients with LNM 

based on different NEAT1 expression levels in a total of 571 

individuals. The median sample size was 96 (range 65–239). 

As shown in Figure 3, the random-effects model was adopted 

for the significant heterogeneity (I2=84.8%, P=0.000). 

Our results failed to identify any significant association 

between NEAT1 expression and LNM (pooled OR: 2.28, 

95% CI: 0.72–7.26, P=0.161; Figure 3). To obtain further 

insight into the NEAT1 prognostic value in LNM, subgroup 

analysis was performed with cancer type and sample size 

(Table 3). In summary, our data revealed that NEAT1 over-

expression was significantly related to high incidence of 

LNM in subgroups of digestive system (OR: 1.96, 95% CI: 

1.25–3.06, P=0.003) and sample size ,96 (OR: 12.16, 95% 

CI: 1.85–80.00, P=0.009) without significant heterogeneity 

(all I2#50%, P$0.05). No other subgroups exhibited any 

significant relationships between NEAT1 expression and 

incidence of LNM.

sensitivity analysis and publication bias
Sensitivity analysis suggested that the association between 

NEAT1 expression and OS was not significantly influenced 

by deleting any individual study (Figure 4).

In the pooled analyses of OS, Begg’s funnel plot 

with pseudo 95% CIs indicated an asymmetry (Figure 5). 

Figure 1 Flow diagram of studies selection process.
Abbreviations: cnKi, china national Knowledge infrastructure cancer; hr, hazard ratio; Or, odds ratio.
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Consistently, the results of Egger’s test also revealed that obvi-

ous publication bias was present in our analysis (P=0.005).

Discussion
Recently, aberrant expressions of lncRNAs have been 

identified in different types of tumors. It was demonstrated 

by emerging studies that lncRNAs were associated with 

cancer development and progression.4 In addition, several 

lncRNAs, such as HOTAIR and MALAT1, have been 

commonly detected in various tumors to explore their roles 

in carcinogenesis. HOTAIR, a lncRNA with regulatory 

functions of transcription, could regulate the chromatin 

methylation state through binding with PRC2 and acts as an 

oncogene in different cancer cells, such as gastric, breast, 

colorectal, and cervical cancer cells.27 LncRNA MALAT1 

was first discovered as a prognostic marker for lung cancer 

metastasis and also has been linked to other human tumor 

entities and metastasis.28 Thus, the studies of lncRNA have 

provided a new insight into cancer genomics, but the related 

mechanisms remain to be explored.

Paraspeckles are formed through the recruitment of 

Drosophila behavior/human splicing family proteins includ-

ing P54nrb, PTB-associated splicing factor (PSF), and PSPC1 

to the central scaffolding RNA, NEAT1. As an architectural 

lncRNA in nuclear paraspeckles, NEAT1 RNA is essential 

for paraspeckle integrity and functions.12 Adriaens et al found 

that DNA damage agent could induce NEAT1 expression 

and paraspeckle formation in a p53-dependent manner, con-

tributing to the chemo-resistance in cancer cell.29 Likewise, 

Choudhry et al showed that hypoxia-induced NEAT1 stimu-

lated the formation of nuclear paraspeckles, accompanied 

by increased tumorigenesis in breast cancer.22 Especially, 

these nuclear bodies may suppress the protein synthesis of 

adenosine-to-inosine edited transcripts through the nuclear 

retention of target mRNAs. Moreover, NEAT1 has been 

proposed to sequester paraspeckle proteins into the nuclear 

bodies, limiting the transcriptional activation or inactivation 

activity of these proteins in the nucleoplasm.30 For example, 

Imamura et al found that NEAT1 induction could relocate 

PSF from the IL8 promoter to the paraspeckles, leading to 

transcriptional activation of IL8.31 Recent studies also dem-

onstrated that NEAT1 were associated with the initiation 

and progression of various cancers. Fu et al showed that the 

overexpression of NEAT1 could promote the cell migration 

and invasion in vitro and act as an unfavorable prognosis fac-

tor in gastric cancer.16 Lu et al revealed that NEAT1 regulated 

EMT transition and radioresistance through miR-204/ZEB1 

axis in nasopharyngeal carcinoma.19 Sun et al found that 
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Figure 2 Forest plot for the association between neaT1 expression levels with Os.
Note: Weights are from random-effects analysis.
Abbreviations: CI, confidence interval; HR, hazard ratio; NEAT1, nuclear paraspeckle assembly transcript 1; OS, overall survival.

Table 2 subgroup analysis of the pooled hrs of Os

Subgroup  
factor

Divided standard Study  
number

Pooled HR  
(95% CI)

I2 value  
(%)

P-value for  
heterogeneity

cancer type Digestive system 3 1.69 (1.30–2.21) 0.0 0.929
nondigestive system 5 2.11 (1.27–3.50) 78.6 0.001

survival analysis Multivariate analysis 5 1.87 (1.49–2.36) 0.0 0.603
Univariate analysis 3 1.88 (0.93–3.84) 81.5 0.004

sample size number ,135.5 4 2.42 (1.74–3.38) 0.0 0.787
number $135.5 4 1.59 (1.16–2.19) 65.7 0.033

Abbreviations: CI, confidence interval; HR, hazard ratio; OS, overall survival.

Figure 3 Forest plot for the association between neaT1 expression levels with lnM.
Note: Weights are from random-effects analysis.
Abbreviations: CI, confidence interval; LNM, lymph node metastasis; NEAT1, nuclear paraspeckle assembly transcript 1; OR, odds ratio.

Table 3 subgroup analysis of the pooled Ors of lnM

Subgroup  
factor

Divided standard Study  
number

Pooled OR  
(95% CI)

I2 value  
(%)

P-value for  
heterogeneity

cancer type Digestive system 2 1.96 (1.25–3.06) 0.0 0.637
nondigestive system 3 2.71 (0.12–60.88) 92.3 0.000

sample size number ,96 2 12.16 (1.85–80.00) 38.6 0.202
number $96 3 1.20 (0.44–3.25) 80.4 0.006

Abbreviations: CI, confidence interval; LNM, lymph node metastasis; OR, odds ratio.
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Figure 4 sensitivity analysis of effect of individual studies on the pooled hrs for neaT1 and Os of patients.
Abbreviations: hr, hazard ratio; neaT1, nuclear paraspeckle assembly transcript 1; Os, overall survival.

Figure 5 Funnel plot analysis of publication bias for Os.
Abbreviations: lnhr, regular hazard ratio; Os, overall survival; se, standard error.

NEAT1 significantly accelerated cell metastasis through 

regulation of miR-377-3p-E2F3 pathway in non-small 

cell lung cancer.20 Moreover, elevated NEAT1 levels were 

extraordinarily associated with LNM in colorectal cancer and 

esophageal squamous cell carcinoma.13,14 Therefore, NEAT1 

is considered to be an oncogene and a promising indicator of 

prognosis in human cancers.

Our present study attempted to investigate the association 

between lncRNA NEAT1 and the clinical prognosis in human 

cancers. Compared to the study of Yang et al,32 our analysis 

included all the studies in which the detection methods of 

NEAT1 expression were not limited to quantitative reverse 

transcription polymerase chain reaction. Moreover, we 

excluded the study in which NEAT1 expression was detected 

not only in primary tumor tissues but also in whole blood.33 

We found that high NEAT1 expression was associated with 

poor OS in different types of cancers (pooled HR: 1.88, 

95% CI: 1.41–2.50, P=0.000) with significant heterogeneity 

(I2=66.2%, P=0.004). However, based on the entire data set, 

we could not confirm any association between NEAT1 

expression and LNM (pooled OR: 2.28, 95% CI: 0.72–7.26, 

P=0.161). Then we performed subgroup analysis to precisely 

assess the prognostic effect of NEAT1 on OS and LNM, 

respectively. The results indicated that high NEAT1 expres-

sion exhibited a significant correlation with poor OS in a 

majority of the subgroups (all P,0.01) except in the subgroup 

of univariate analysis (HR: 1.88, 95% CI: 0.93–3.84, P=0.08), 

suggesting that elevated NEAT1 might serve as a reliable 

molecular marker for poor prognosis in various cancers. 

Meanwhile, we found the study of Choudhry et al was the only 

research existing in all the following subgroups (nondiges-

tive system, univariate analysis, and sample size $135.5),22 

in which significant heterogeneity was still observed. After 

omitting their study, our analysis showed no significant het-

erogeneity and no obvious publication bias when exploring 

the relationship between NEAT1 expression and OS (data not 

shown), which might partly explain the sources of heterogene-

ity and publication bias. Although Choudhry et al performed 

their study with high quality, similar studies with larger  

sample sizes and long-term follow-up may be required to fur-

ther confirm our current findings. Notably, our data revealed 

that the patients with high NEAT1 expression might suffer 

higher incidence of LNM in subgroup of digestive system 

cancers (OR: 1.96, 95% CI: 1.25–3.06, P=0.003) without 

significant heterogeneity (I2=0.0%, P=0.637). Although 

NEAT1 overexpression was also significantly related to high 

incidence of LNM in subgroup of sample size ,96 (OR: 

12.16, 95% CI: 1.85–80.00, P=0.009), considering that meta-

analyses including a limited number of patients are prone to 

overestimate the effects,34 it is necessary to conduct larger 

size and better designed studies to confirm the role of NEAT1 

expression level in cancer LNM.
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Limitations
Nevertheless, it should be noticed that there were several 

limitations in our meta-analysis. First, the cutoff values 

dividing the NEAT1 expression were not unified in different 

studies. Second, the number of patients and studies included 

was small. Third, many included studies reported positive 

results instead of publishing negative results. Fourth, we only 

recruited papers written in English. Finally, studies included 

in our analysis were mostly from the People’s Republic of 

China, which might limit the results, we found, to the cases 

of Chinese cancer patients.

Conclusion
In summary, we have demonstrated that high NEAT1 expres-

sion was significantly correlated with poor OS in multiple 

cancers. In addition, our results showed that elevated NEAT1 

expression was significantly associated with higher incidence 

of LNM in digestive system neoplasms. Further studies 

exploring the relationship between clinicopathological 

features and NEAT1 expression levels are required to verify 

its clinical prognostic value in human cancers.
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