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Background: β-catenin is a key component of the canonical Wnt pathway, which plays pivotal roles in 
malignant transformation and cancer progression. Several studies have reported the clinical significance of 
the expression level of β-catenin in different subcellular locations. This meta-analysis aimed to assess the 
prognostic value of β-catenin expression patterns in patients with non-small cell lung cancer (NSCLC).
Methods: PubMed and Embase databases were searched to identify all articles referring to the association 
between β-catenin expression level and outcomes of patients of NSCLC up to November 2016. We included 
eligible studies to summarize the extracted data in terms of pooled hazard ratios (HRs) and their 95% 
confidence intervals (95% CIs).
Results: A total of 24 studies published between 2000 and 2016 were eligible for this meta-analysis. The total 
number of patients with NSCLC included was 2,807. Pooled HRs and 95% CIs suggested that positive β-catenin 
expression in membrane was associated with higher survival rates (HR: 0.53; 95% CI: 0.32–0.87), whereas β-catenin 
expression in cytoplasm and nucleus had unfavorable impacts on survival rates with HR of 1.63 (95% CI: 1.34–1.99) 
and HR of 3.15 (95% CI: 1.97–5.05), respectively. But, there was no significant association between β-catenin 
expression in abnormal pattern with prognosis (HR: 1.38; 95% CI: 0.61–3.15). Publication bias was absent in all 
of the four outcomes. Sensitivity analysis revealed that the results of this meta-analysis were robust.
Conclusions: Reduced membranous β-catenin, positive expression of cytoplasmic or nuclear β-catenin is 
all correlated with poor prognosis, although we did not identify a significant association between abnormal 
β-catenin expression and clinical outcome of NSCLC patients. The meta-analysis suggested that membranous, 
cytoplasmic and nuclear β-catenin all could serve as an important prognosticator for patients with NSCLC.
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Introduction 

Lung cancer is the leading cause of cancer-related deaths 
around the world, and nearly 80–85% of all lung cancers 
are of the subtype non-small cell lung cancer (NSCLC) (1). 
Though recent advancements in the diagnosis and treatment 
have remarkably improved the outcome of patients with 
NSCLC (2), the prognosis remains poor with an overall 
5-year survival rate of 15% (3,4). In clinical practice, 
several independent prognostic factors, disease stage and 
performance status are important for guiding treatment. 
However, it is critically important to discover molecular 
biomarkers and identify precisely the patients at high-risk 
for poor prognosis (5).

Epithelial-mesenchymal transition (EMT) is a process in 
which intracellular contacts of epithelial cells are disrupted 
and intercellular adhesion cells are reduced and epithelial 
cells acquire migratory fibroblastoid properties (6). EMT is 
critical for invasive and metastatic progression in cancers (6).  
EMT is related to reduced epithelial markers, aberrantly 
increased mesenchymal markers and translocation of 
β-catenin in a number of human cancers including gastric 
cancer (7). β-catenin could be localized in the membrane, 
cytoplasm and nucleus of cells (8). β-catenin exerts dual 
distinct roles depending on its intracellular localization. 
β-catenin expressed on the membrane binds tightly to 
classical cadherins, regulates cell-to-cell adhesion and cell 
growth, and has a negative effect on tumor growth (9). 
Cytoplasmic and nuclear β-catenin mainly acts as a central 
molecule in Wingless family (Wnt) signaling pathway (10). 
In the presence of Wnt stimulation, the scaffold protein 
Axin translocates to Wnt receptor complex and restrains 
the destruction complex, which allow cytoplasmic β-catenin 
to escape degradation and accumulates in the cytoplasm. 
The elevated free β-catenin finally translocates to the 
nucleus where it induces the expression of canonical Wnt 
target genes, such as CCND1 (Cyclin D1), MYC (c-Myc) 
and CD44. Wnt signaling is also connected to EMT by 
upregulating EMT regulators Snail2 (SLUG) and ZEB1 (11).  
Recently, we have shown that β-catenin is required for 
mutant EGFR-induced NSCLC (12). Interestingly, activating 
of β-catenin can induce resistance to EGFR tyrosine kinase 
inhibitors (13). Furthermore, Wnt/β-catenin signaling 
accelerates lung tumorigenesis in vivo (14). Taken together, 
these findings suggest that β-catenin is a multifunctional 
protein and play pivotal roles in malignant transformation, 
progression and sensitivity to anti-cancer treatments.

It has been widely reported that altered β-catenin 
expression is related to poor differentiation, lymph node 

spread, and metastasis in several human carcinomas, such as 
gastric cancer (15) and breast cancer (16). In recent years, 
the association between β-catenin expression and clinical 
outcome of patients with NSCLC has been intensively 
investigated. Yoo et al. (17) reported that positive β-catenin 
expression in nucleus or accumulation in cytoplasm in 
patients with NSCLC was closely associated with shorter 
overall survival (OS). Whereas, Li et al. (18) showed that 
reduced level of β-catenin expression on membrane was 
related to poor outcomes among NSCLC patients. These 
facts indicate that there is a controversy on the association 
between β-catenin expression and prognosis of NSCLC 
patients. Here, systematic review and meta-analysis of the 
current literature will be carried out to obtain a better 
insight into the connection between β-catenin expression 
and survival of NSCLC patients.

Methods

Search strategy

The present study follows international guidelines and 
recommendations on systematic reviews and meta-
analyses (19,20). The PubMed and Embase databases 
were searched using the following mesh terminology: 
((((((prognostic[Title/Abstract]) OR prognosis[Title/
Abstract]) OR survival[Title/Abstract]) OR outcome[Title/
Abstract])) AND ((NSCLC[Title/Abstract]) OR non-small 
cell lung cancer[Title/Abstract])) AND ((catenin[Title/
Abstract]) OR beta catenin[Title/Abstract]). The search 
ended on November 23, 2016. The reference lists associated 
with the studies were thereafter manually searched. The 
“Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA)” guidelines (21) were used. 

Inclusion criteria

Two authors (Jiajia Jin and Ping Zhan) reviewed the studies 
independently. Studies included in the current meta-
analysis had to meet the following criteria: (I) β-catenin 
examined by immunohistochemistry and evaluated in 
human NSCLC tissues; (II) NSCLC patients diagnosed by 
the golden standard of histopathologic examinations; and 
(III) sufficient information provided to estimate the hazard 
ratio (HR) and its 95% confidence intervals (95% CIs).

Those articles were excluded: (I) review articles, case 
reports, letters and laboratory articles; (II) those with 
duplicate data or overlapping; (III) articles without sufficient 
data to be extracted.
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Data extraction and quality assessment

Two reviewers (Jiajia Jin and Ping Zhan) evaluated the 
eligible studies independently according to the “Newcastle-
Ottawa Scale” (NOS) (22,23). Each of the studies included 
achieved a score more than five and was rated as qualified. 
Data retrieved from each report included the first author’s 
name, publication year, study location, histology, metastasis 
(TNM) stages, the number of patients, antibody sources, 
the percent of β-catenin positivity, cut-off value, HR 
estimate methods, analysis model, HR and 95% CI, 
definition of β-catenin expression, and outcome of patients 
(Table 1). Patients’ outcome was mainly defined as OS and 
disease free survival (DFS).

Statistical methods 

The HRs and their 95% CIs were used as the pooled 
effective value. For some articles not giving HRs and their 
95% CIs explicitly, we extracted the values from Kaplan-
Meier curves as Tierney illustrated previously (39). A 
statistical test for heterogeneity was performed by the I 
square test (40). The I square value lies between 0% to 
100% and it presented with a 95% CI; studies with I square 
value over 50% indicated significant heterogeneity, which 
required random-effects model (the Mantel-Haenszel 
method). For studies with I square value less than 50%, the 
fixed-effects model was used (the DerSimonian and Laird 
methods). Sensitivity analysis was performed to assess the 
heterogeneity and robustness of pooled proportions was 
explored by conducting sensitivity analyses. Moreover, 
we assessed publication bias through Begg’s funnel plots. 
Meta-analysis was conducted using STATA version 12.0 
(Stata Corporation, College Station, TX, USA) statistical 
software.

Results

Study selection and characteristics

The electronic literature search yielded a total of 113 
citations eligible for inclusion and the flow diagram of 
article selection is shown in Figure 1. After reviewing 
the title and abstract of the articles, 43 articles were 
excluded. The remaining 70 papers were approved through 
scrutinizing the entire paper. Of those excluded, one 
analyzed β-catenin protein expression level using tumor 
micro array (TMA) instead of immunohistochemistry 
method (41); one measured β-catenin protein expression in 

adenocarcinoma brain metastases rather than pulmonary 
tumor tissue (42); three literatures evaluated the prognostic 
significance of β-catenin but we could not obtain or 
calculate the HR value and failed to contact the author 
(43-45). Additionally, among articles included, one 
article investigated clinical significance of membranous, 
cytoplasmic and nuclear β-catenin staining (18). One article 
analyzed the association between β-catenin expression level 
and NSCLC in different stages (25) and one literature 
provided information about adenocarcinoma and squamous 
cell cancer (33). Therefore, we processed these articles as 
several independent studies in the meta-analysis. Eventually, 
17 articles containing 24 studies published between 2000 
and 2016 fulfilled the inclusion criteria and were reviewed 
in our meta-analysis (17,18,24-38), with a total of 2,848 
patients with NSCLC enrolled. The major characteristics 
of the 17 eligible publications are reported in Table 1. 
The cases size ranged from 35 to 522 patients. Among 
the 24 studies, seven focused on membranous β-catenin 
(18,28,30,34,36-38), ten focused on cytoplasmic β-catenin 
(18,25-27,33), two on nuclear protein (18,24) and five on 
abnormal β-catenin expression (17,29,31,32,35). 

Impact of β-catenin expression in membrane on OS of 
NSCLC in the meta-analysis

Seven studies assessed the relationship between β-catenin 
expression level in membrane and OS of NSCLC patients 
(Figure 2). The pooled HR was 0.53 (95% CI: 0.32–0.87) 
with significant heterogeneity (I2=76.6%, P<0.001). This 
suggests that positive β-catenin expression in membrane 
was significantly associated with a better prognosis of 
NSCLC. To explain the heterogeneity, we conducted 
the subgroup analysis (Table 2). The results indicated a 
significant relationship between β-catenin expression in 
the membrane and OS was also exhibited in articles using 
univariate analysis model (HR: 0.38; 95% CI: 0.24–0.60; 
I2=0.0%; P=0.863), in articles using calculated HRs (HR: 
0.36; 95% CI: 0.32–0.64; I2=0.0%; P=0.653) and in studies 
with a number of patients less than 100 (HR: 0.41; 95% CI: 
0.30–0.57; I2=0.0%; P=0.907). 

Impact of β-catenin expression in cytoplasm on clinical 
outcome of NSCLC in the meta-analysis

Ten eligible studies investigated the prognostic significance 
of β-catenin located in cytoplasm (Figure 3). We found that 
there was also a significant association between β-catenin 
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Figure 1 Flow diagram of the study selection in our meta-analysis.

Figure 2 Meta-analysis of the association between positive membranous β-expression and overall survival in patients with non-small cell 
lung cancer (NSCLC). Forrest plot of hazard ratios (HRs) and 95% confidence intervals (CI) from each study were shown.
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overexpression in the cytoplasm with worse prognosis; 
the combined HR was 1.63 (95% CI: 1.34–1.99) with no 
significant heterogeneity (I2=36.5%, P=0.117).

Subgroup analysis was performed by analysis model, 
study location, number of patients, and methods of HR 
estimate (Table 2). A significant connection between 
cytoplasmic β-catenin expression and clinical outcomes 

of patients with NSCLC also shown in studies using HR 
reported in text (HR: 1.64; 95% CI: 1.33–2.01; I2=43.6%; 
P=0.077) and in studies enrolling patients more than 
100 (HR: 1.62; 95% CI: 1.32–2.00; I2=55.6%; P=0.047). 
Moreover, other factors including analysis model and study 
location did not influence the significant prognostic value of 
cytoplasmic β-catenin expression. 
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Impact of nuclear and abnormal β-catenin expression on 
clinical outcome of NSCLC in the meta-analysis

β-catenin overexpression in the nucleus was also associated 
with poorer OS (HR: 3.15; 95% CI: 1.97–5.05; I2=53.3%; 
P=0.144), but only following the analysis of two limited 
studies (Figure 4). However, there was no significant 
association between abnormal β-expression and OS of 
NSCLC patients; the combined HR was 1.38 (95% CI: 
0.61–3.15), with significant heterogeneity (I2=76.7%, 
P=0.002) (Figure 5). Moreover, subgroup analysis indicated 
that the number of patients did not alter the negative 
prognostic impact of abnormal β-catenin expression (Table 2).

Publication bias analysis

Begger’s funnel plot was used to check the publication bias 
in this meta-analysis (Figure 6). There was no publication 
bias for all of the four outcomes, as evidenced by the 
symmetrical pattern of the funnel plots. 

Sensitivity analysis

Sensitivity analysis was conducted, and we found that there 
is little impact of any single study on the combined HR of 
the four outcomes, which suggested that the results of the 
meta-analysis were robust (Figure 7).

Discussion

We carried out a meta-analyses of β-catenin expression 
in NSCLC patients based on 24 studies (Table 1), while 
Yang et al. (46) recently reported a meta-analyses of 
expression in NSCLC patients based on 15 studies. 
Membranous β-catenin that is directly associated with 
E-cadherin and α-catenin is involved in the stabilization 
of cell-cell adhesion, whereas cytoplasmic and nuclear 
β-catenin are important mediators of the canonical Wnt 
signaling cascade (47-50). The association between overall 
β-catenin expression and prognosis of NSCLC patients is 
controversial (17,18). Because β-catenin exerts different 
effects in different subcellular localization, we carried out 
meta-analyses according to the subcellular localization of 
β-catenin, and found that reduced membranous expression 
of β-catenin (Figure 2), overexpression of cytoplasmic 
β-catenin (Figure 3) and overexpression of nuclear β-catenin 
(Figure 4) are all significantly associated with unfavorable 
prognosis in patients with NSCLC. 

Table 2 Subgroup-analysis of the association between β-catenin 
expression in different subcellular location and survival

Subgroup
No. of 
studies

HR (95% CI)
Heterogeneity

I2 (%) P

Membrane (18,28,30,34,36-38)

Overall effect 7 0.53 (0.32–0.87) 78.6 0.000

Analysis model

Univariate 3 0.38 (0.24–0.60) 0.0 0.863

Multivariate 4 0.64 (0.33–1.21) 84.0 0.000

HR estimate

Reported in text 4 0.59 (0.33–1.04) 81.7 0.000

By estimate 2 0.36 (0.32–0.64) 0.0 0.653

Patients’ number

<100 4 0.41 (0.30–0.57) 0.0 0.907

≥100 3 0.72 (0.34–1.53) 81.3 0.005

Study location

Asia 6 0.57 (0.34–0.97) 78.7 0.000

Non-Asia 1 0.31 (0.14–0.68)

Cytoplasm (18,25-27,33)

Overall effect 10 1.64 (1.34–1.99) 36.5 0.116

Analysis model

Univariate 4 1.35 (1.00–1.86) 36.6 0.192

Multivariate 6 1.85 (1.43–2.38) 31.1 0.202

HR estimate

Reported in text 9 1.64 (1.33–2.01) 43.6 0.077

By estimate 1 1.62 (0.83–3.17)

Patients’ number

<100 4 1.75 (0.98–3.12) 0.0 0.412

≥100 6 1.62 (1.32–2.00) 55.6 0.047

Study location

Asia 8 1.60 (1.30–1.97) 40.5 0.108

Non-Asia 2 2.05 (1.05–3.99) 48.2 0.165

Abnormal expression (17,29,31,32,35)

Overall effect 5 1.38 (0.61–3.15)

Patients’ number

<100 1 6.29 (0.71–55.56)

≥100 4 1.18 (0.50–2.77) 80.1 0.002

CI, confidence interval; HR, hazard ratio. 
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Figure 3 Meta-analysis of the association between positive cytoplasmic β-expression and prognosis in patients with non-small cell lung 
cancer (NSCLC). Forrest plot of hazard ratios (HRs) and 95% confidence intervals (CI) from each study were shown.

Figure 4 Meta-analysis of the association between positive nuclear β-expression and prognosis in patients with non-small cell lung cancer 
(NSCLC). Forrest plot of hazard ratios (HRs) and 95% confidence intervals (CI) from each study were shown.
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In the meta-analysis on cytoplasmic β-catenin expression, 
there was no significant heterogeneity among the studies, 
and subgroup analysis shown that the heterogeneity is also 
mild (Figure 3). On the other hand, in the meta-analysis 
on membranous and abnormal β-catenin expression, we 
found highly significant heterogeneity among the included 
studies when assessing the prognostic value (Figures 2,5).  
In the stratified analysis of the association between 
membranous β-catenin expression and OS, heterogeneity 
was not prominent in certain subgroup analyses. These 
findings suggest that analysis model, methods of HR 
estimate, the number of patients may partly account for 

this heterogeneity. By contrast, focusing on the studies 
of abnormally expressed β-catenin, we identified more 
significant heterogeneity after subgroup analysis based on 
the number of patients. Although all the studies examined 
the expression of β-catenin using immunohistochemical 
analysis, different criteria of positive aberrant β-catenin 
expression were made. Some only used the percentage of 
β-catenin expression to define positive expression, while 
the others used complex score multiplying percentage and 
intensity of β-catenin expression with various cut-off values. 
Therefore, no uniform standard to define the positive 
expression of β-catenin may cause potential bias. Besides, 
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Figure 5 Meta-analysis of the association between abnormal β-expression and clinical outcomes in patients with non-small cell lung cancer 
(NSCLC). Forrest plot of hazard ratios (HRs) and 95% confidence intervals (CI) from each study were shown.

Figure 6 Begg’s funnel plots for assessing potential publication bias on prognosis of patients with non-small cell lung cancer (NSCLC). (A) 
β-expression in membrane and overall survival; (B) β-expression in cytoplasm and survival; (C) β-expression in nucleus and overall survival; (D) 
β-expression in abnormal pattern and outcomes of patients.
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other clinical factors, such as different antibody clones used, 
TNM stages, age and different postoperative treatment in 
each study may contribute to heterogeneity in the estimate 
of HRs. 

Sensitivity analysis also indicated that omission of any 
singly study did not have significant effects on the pooled 
risk estimates in all of the four outcomes, suggesting 
robust results of the meta-analysis. Moreover, Egger’s tests 
also showed no evidence of publication in all of the four 
outcomes. Nevertheless, among the excluded studies, three 
literatures assessed the prognostic significance of β-catenin 
but not sufficient data was obtained. This factor could lead 
to possible publication bias and should not be ignored. 

Mei et al. (51) has conducted a meta-analysis and 
suggested that reduced β-catenin expression is associated 
with a poor OS in NSCLC patients. But Mei et al. did not 
perform a subgroup analysis based on different β-catenin 
expression patterns. Besides, some of the studies included 
evaluated the influences of abnormal expression of β-catenin 
on OS instead of solely reduced membranous staining. 
Therefore, the results of our meta-analysis are more accurate 

and more reliable compared to the previous meta-analysis. 
The prognostic impacts of β-catenin on other malignant 
tumors were also assessed. Li et al. (9) revealed that aberrant 
expression of β-catenin, which was defined as “reduced 
expression in membrane” or “overexpression in cytoplasm/
nucleus”, significantly influenced the survival of patients with 
gastric cancer (HR: 1.85; 95% CI: 1.39–2.46). Zeng et al. (52)  
also suggested that altered expression of β-catenin could serve 
as a predicative factor of poor prognosis for patients with 
esophageal carcinoma. Zhang et al. (50) and Chen et al. (53)  
have demonstrated that positive β-catenin expression in 
cytoplasm/nucleus was significantly associated with poor 
prognosis of breast cancer and hepatocellular carcinoma 
respectively. Combined with our meta-analysis, these 
findings suggest that aberrant β-catenin expression predicts 
a poor survival in a wide variety of malignant tumors. 

Several limitations of the present meta-analysis should 
be considered. First, the sample size of the included studies 
ranged from 35 to 576, which could influence the precision 
of the results. Second, only two studies focused on nuclear 
β-catenin expression, which made it difficult to confirm 

Figure 7 Sensitivity analyses for assessing heterogeneity of the meta-analysis. (A) β-expression in membrane and overall survival; (B) 
β-expression in cytoplasm and survival; (C) β-expression in nuclear and overall survival; (D) β-expression in abnormal pattern and outcomes 
of patients.
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the prognostic value of nuclear β-catenin for NSCLC. 
Third, as mentioned above, moderate and even significant 
heterogeneity of the analysis could be caused by several 
factors: different evaluation standard of protein standard, 
various cut-off valued and different antibody clones used. 

In summary, our meta-analysis revealed that reduced 
membranous β-catenin immunohistochemical expression 
was an important prognosticator for OS. Besides, positive 
expression of cytoplasmic or nuclear β-catenin correlated 
with poor prognosis, although we did not identify a 
significant association between abnormal β-catenin and 
clinical outcome of NSCLC patients. The early detection 
of β-catenin may be of great value in predicting the clinical 
outcomes of NSCLC patients.
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