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Abstract

Objective—We aimed to study the prognostic value of BCAR1 expression and its associations

with clinical-demographical characteristics in multiple centers of non-small cell lung cancer

(NSCLC) patients.

Methods—Gene expression microarray (mRNA) of 77 adenocarcinomas from Mayo Clinic,

RNA-sequencing of 508 NSCLC from The Cancer Genome Atlas (TCGA), and

immunohistochemistry(IHC) stain of BCAR1-protein expression in 150 cases from Daping

Hospital were included in the study. The association of mRNA or protein expression with patient

clinical characteristics and overall survival was assessed in each dataset. We also predicted

microRNAs (miRNA) that target BCAR1- using bioinformatics prediction tools and evaluated

miRNA expression patterns with BCAR1 expression in miRNA-sequencing data of 74 lung cancer

cases from TCGA dataset.

Results—In the Mayo Clinic dataset, a higher BCAR1-mRNA level was significantly correlated

with more advanced tumor-stage and lymphatic metastasis. Similar changes were observed in the

TCGA RNA-seq dataset. Additionally, higher BCAR1-mRNA levels predicted poorer survival in

adenocarcinoma and squamous carcinoma from the TCGA dataset. The protein levels in the

adenocarcinoma cases with lymphatic metastasis were significantly higher than of those without

metastasis. Tumor tissues demonstrated remarkably higher levels of protein compared with

matched normal tissues although there was no significant difference in BCAR1-mRNA expression

between tumor and matched normal tissues was detected. In miRNAs that were down-regulated in

the tumors, Let-7f-2 and miR-22 differed the most (P<0.001 and P=0.007, respectively).

*Corresponding Author: Zhifu Sun, M.D., M.S., Division of Biomedical Statistics and Informatics, Department of Health Sciences
Research, Mayo Clinic, 200 First Street SW, Rochester, Minnesota 55905. Phone: 507-266-1894; Fax: 507-284-0360.
Sun.Zhifu@mayo.edu.

Competing Interests: The authors have declared that no competing interests exist.

NIH Public Access
Author Manuscript
Ann Surg Oncol. Author manuscript; available in PMC 2014 December 01.

Published in final edited form as:
Ann Surg Oncol. 2013 December ; 20(0 3): S701–S708. doi:10.1245/s10434-013-3184-2.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Conclusion—We confirmed that increased BCAR1 expression predicts poorer prognosis in

NSCLC. We postulate mRNA-protein decoupling of BCAR1 may be a result of reduced inhibition

of specific miRNAs in tumor tissues, which warrants further study.
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1. Introduction

Breast cancer anti-estrogen resistance 1(BCAR1) also named p130cas, is one of the CAS

protein (Crk-associated substrate) family members. The name “Crk” is from "CT10

regulator of kinase" where CT10 is the avian virus from which a protein was isolated,

lacking kinase domains, but capable of stimulating phosphorylation of tyrosines in cells. It

was originally identified as a cellular protein migrating at 130 kDa of molecular weight, and

was hyperphosphorylated in v-Crk and v-Src transformed cells.1, 2 As an adapter protein,

BCAR1 localizes to chromosome 16q22-q237 and mainly consists of four functional

portions, including an amino-terminal Src homology 3 domain, a Src-binding domain, a

large substrate domain, and a helix-loophelix domain. 3, 4 BCAR1 has important roles in a

variety of cellular processes, e.g., apoptosis, cell cycle, migration, chemotaxis and

differentiation, and is involved in a variety of carcinogenic behavior of cancer cells. 5–8 Our

studies 8, 9 show its etiological and clinical outcome involvement in non-small cell lung

cancer (NSCLC). Serum BCAR1 levels are significantly higher in NSCLC cases than in the

control individuals, increasing with the progression of tumor staging and decreasing after the

removal of the malignant lesions.9 Elevated BCAR1 protein expressions in tumor tissues

predict poor prognosis in a cohort of NSCLC patients (n=151).8 In addition, BCAR1

knockdown caused cell growth arrest, cell migration inhibition, and cell cycle arrest of A549

lung adenocarcinoma cells.8

However, the correlations between BCAR1-expression and clinical-demographical

characteristic of NSCLC, e.g., smoking, cell type and tumor staging, are still unclear. The

prognostic value of BCAR1 expression should be confirmed in a large sample of NSCLC,

based on multiple datasets. The roles of BCAR1-miRNA in tumor and matched normal

tissues are still unclear. Herein, we investigated the associations between the levels of

BCAR1-mRNA or -protein and clinical-demographical characteristics of NSCLC. We

analyzed the prognostic value of BCAR1-mRNA in NSCLC cases. Additionally, we found

the decoupling of BCAR1-mRNA and –protein in tumor and normal matched tissues, which

is likely regulated by miRNA.

2. Methods

2.1 Datasets and Patients

2.1.1 mRNA

Mayo Clinic Dataset: The gene expression microarray of Mayo Clinic (Rochester, MN,

USA) included 77 adenocarcinoma cases from never-smokers. All the cases had matched

normal tissues. The clinical-demographical characteristics of the patients are presented as
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Table 1. The microarray data was generated by whole genome DASL (cDNA-mediated

Annealing Selection extension and Ligation) microarray according to manufacturer's

instructions as described. 10 All the study protocols were approved by Mayo Clinic’s

Institutional Review Board.

TCGA Dataset: The mRNA-seq data for lung adenocarcinoma and squamous carcinoma

were downloaded from TCGA websites (http://tcga-data.nci.nih.gov/tcga/findArchives.htm).

Both clinical and BCAR1 expression were retrieved from the datasets. The mRNA

expression data was processed level 3 data (RNA-seq V2), which were normalized gene

count to a fixed upper quantity value of 1000. We used log2 (normalized count) for the

analysis. The clinical-demographical characteristics of the adenocarcinoma and squamous

carcinoma are presented as Table 1.

2.1.2 Protein—We used tissue microarray and IHC to measure BCAR1-protein expression

in 150 cases from Daping Hospital (Chongqing city, China). The tissue microarray was

constructed in the Department of Pathology at Daping Hospital according to our published

protocol 8. The clinical-demographical characteristics of adenocarcinoma and squamous

carcinoma are presented in Table 1. All the study protocols were approved by Daping

Hospital’s Institutional Review Board.

The sections were incubated with serum blocking solution and anti-BCAR1 antibody (BD

Transduction Laboratories, USA, 1:100), biotinylated secondary antibody, and streptavidin-

horseradish peroxidase. Diaminobenzidine solution was used as a chromogen. The slides

were then counterstained in a hematoxylin solution.

The intensity and percentage of IHC staining in tumor cells were recorded. The intensity

was scored from 0 to 3+ and defined as follows: 0, no staining; 1+, weak staining; 2+,

moderate staining; 3+, strong staining. Additionally, Q score was adopted for IHC scoring

by multiplying the percentage of positive cells by the intensity (Q = Percentage × Intensity;

maximum = 300). Three observers scored the slides and the mean score was used for final

analysis.

2.1.3 miRNA—The miRNA-seq dataset, including 39 adenocarcinoma and 35 squamous

carcinoma and their matched normal tissues, was downloaded from the TCGA website. This

was the level 3 normalized data using RPM (reads of mapped miRNA per million of

sequence reads). Therefore, we used log2 (RPM) for the analysis.

miRNAs that target 3'UTR region of BCAR1 were identified using miRNA target prediction

tools “miRWalk”- (http://www.umm.uni-heidelberg.de) 11. In the meanwhile, miRWalk

website also provides the other prediction tools for crosschecking. These tools include

“miRanda” 12, “Target scan”13, DIANAmT14, miRDB15, RNAhybrid16, PICTAR417,

PITA18, and RNA2219.

2.1.4 Hazard Ratio—We used overall survival (OS) as a primary end point that was

defined as the time from diagnosis to death. The patients whose follow-up time was less

than 30 days or who died within 30 days after surgery were excluded. To avoid potential
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confounding from smoking, we separated the cases into never-smokers, current or former

smokers. Mayo Clinic cases were all from never-smokers. Because there were only 26

adenocarcinoma and 8 squamous carcinoma cases from the never-smokers with valid

follow-up information in TCGA, we only analyzed the prognostic value of BCAR1 in

current or former smokers in TCGA-cases.

2.2 Statistical Analysis

The statistical analyses were performed using the Student’s t-test to analyze mRNA and

protein differential expression between two groups, X2 or Fisher test for comparison of

rates, Spearman’s rho for ordinal variables, e.g., correlation of mRNA/stage, and Pearson

Correlation for continuous variables, e.g., correlation of mRNA/age. Prognostic factors were

examined by univariate and multivariate analyses using a Cox proportional hazards model.

All of the aforesaid calculations were performed using SPSS Version 11.0 software for

Windows (SPSS, Inc., Chicago, USA) and Partek Genomics Suite 6.6 software (Partek Inc.,

Saint Louis, USA). A value of p<0.05 (two-sided) was considered statistically significant.

3. Results

3.1 Association between BCAR1-mRNA expression and clinical characteristics of NSCLC

Table 2 shows that in the 77 never-smokers from the Mayo Clinic dataset, a higher BCAR1-

mRNA level was significantly correlated with advanced tumor-stage (Spearman's rho,

P<0.001). Additionally, the BCAR1-mRNA levels in the cases with lymphatic metastasis

were significantly higher than of those without metastasis (7.271±0.578 vs. 6.825±0.521,

P<0.001, Table 2). Similar changes were observed in the TCGA RNA-seq dataset (Table 2).

For squamous carcinoma, we did not see any significant association between BCAR1-

mRNA and clinical-demographical characteristics (Table 2).

In addition, there were no appreciable differences of BCAR1-mRNA between

adenocarcinoma and squamous carcinoma in the TCGA dataset (t test, P=0.707).

3.2 Association between BCAR1-protein and clinical characteristics of NSCLC

BCAR1-protein was detected in cytoplasm/nucleus or cytoplasm in adenocarcinoma and

squamous carcinoma, as described previously.8 Association between BCAR1-protein and

clinical characteristics are presented in Table 2. The expression levels in the

adenocarcinoma cases with lymphatic metastasis were significantly higher than of those

without metastasis (2.068±0.822 vs 1.603±0.846, P=0.020). However no significant

difference was seen in the squamous carcinoma cases. Furthermore, no appreciable

difference of BCAR1-protein between adenocarcinoma and squamous carcinoma was

detected (t test, P=0.138).

3.3 BCAR1-mRNA expression and NSCLC OS

The COX model showed that “tumor-stage” was an independent factor for prognosis in

adenocarcinoma from the TCGA dataset (HR: 2.545, 95.0% CI for HR: 1.504–4.308, Table

3). However, “tumor stage” was not a prognostic factor in squamous carcinoma from the
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TCGA dataset (95.0% CI for HR: 0.872–2.459) and adenocarcinoma from the Mayo Clinic

dataset (95.0% CI for HR: 0.754–5.357).

The COX model did not show a significant association between BCAR1 expression and OS

in the 77 never-smokers of the Mayo Clinic dataset (95.0% CI for HR: 0.697–2.968, Table

3). However, a significant association was observed in both adenocarcinoma (HR=1.776,

95.0% CI for HR: 1.159–2.722) and squamous carcinoma cases (HR=1.566, 95.0% CI for

HR: 1.082–2.266) from the TCGA dataset (Table 3), suggesting 56% to 77% increased risk

of death when the gene’s expression was doubled.

3.4 The decoupling of BCAR1-mRNA and –protein in tumor and normal matched tissues

Figure 1A indicates there were no appreciable differences in BCAR1-mRNA expression

between tumors and matched normal tissues in either the Mayo Clinic or TCGA dataset.

However, at protein expression by IHC, Figure 1B indicates both adenocarcinoma and

squamous carcinoma demonstrated remarkably higher levels of Q scores as compared with

matched normal tissues (Adenocarcinoma vs normal tissues: 185±86 vs 56±72, P<0.001;

Squamous carcinoma vs normal tissues: 162±86 vs 75±83, P<0.001).

3.5 Potential microRNAs (miRNAs) of BCAR1

We obtained 112 miRNAs that potentially target BCAR1, which are supported by at least 2

prediction tools. We then retrieved the data of these 112 miRNAs from the TCGA miRNA-

seq dataset and analyzed the differentially expressed miRNAs in adenocarcinoma and

squamous carcinoma separately.

The miRNAs which were significantly different between tumor and normal tissues in either

adenocarcinoma or squamous carcinoma subset are presented in Figure 1C.

Because of the decoupling of mRNA and protein shown above, we were interested in

miRNAs that were down-regulated in the tumors. Five miRNAs in adenocarcinoma and

seven miRNAs in squamous carcinoma met such criteria (Table 4). Let-7f-2 and miR-22

differed the most between tumors and normal tissues (Table 4 and Figure 1C). mir-125b-2,

mir-1247, and miR-145 overlapped between adenocarcinoma and squamous carcinoma

(Table 4 and Figure 1C).

4. Discussion

BCAR1 was initially found to allow breast cancer cells to escape antiestrogen therapy. 20

Subsequently, intensive studies concentrated on the carcinogenic mechanisms of BCAR1 in

breast cancer.21–24 Breast cancer with elevated BCAR1 levels is prone to relapse and has

poor prognosis. 25 As a scaffolding and adapter protein, BCAR1 has attracted growing

attention due to its tumorigenic roles, e.g., invasion and migration, and has been implicated

in the carcinogenesis and prognosis in a variety of malignancies, i.e., ovarian, liver,

esophagus, and oral cavity.7, 26–28 Recent studies show BCAR1’s involvement in non-small-

cell lung cancer (NSCLC).8, 9 BCAR1 mediates a cell survival signal from cell-matrix

interaction and alteration, and prevents A549 lung adenocarcinoma cells from anoikis, hence
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contributing to anchorage independence and metastasis of cancer cells.29 BCAR1

knockdown caused cell migration inhibition of A549 cells.8

Additionally, our studies demonstrated BCAR1 potentially has important clinical

implications in NSCLC.8, 9 For examples, serum BCAR1 levels are significantly higher in

NSCLC than in the control group, increasing gradually with the progression of tumor

staging and decreasing after the removal of the malignant lesions.9 In a small cohort of 151

Chinese patients with NSCLC, elevated BCAR1 protein expressions in tumor tissues predict

poor prognosis (hazard ratio 1.777, P =0.028).8 Recently, a study in another small cohort of

Chinese patients (n=105) with NSCLC also demonstrated BCAR1 over-expression predicts

poor prognosis (HR=2.816, P=0.001). 30

However, many questions remain, for instance, the correlations between BCAR1-expression

and clinical-demographical characteristics of NSCLC, e.g., smoking, cell type, and tumor

staging. In addition, predictive power of BCAR1 over-expression for poor prognosis should

be verified in a large sample of NSCLC. Additionally, little is known about the regulation of

BCAR1 protein by-miRNA in cancer.

In our study, high level of BCAR1-mRNA or -protein in adenocarcinoma is significantly

correlated with lymphatic metastasis and advanced tumor stage in adenocarcinoma, but not

in squamous carcinoma. However, cases with metastasis (M1) in the study are too few to be

analyzed because they all were from the surgical candidates.

There were no appreciable differences of the levels of BCAR1-mRNA between tumor and

matched normal tissues. However, there is remarkable protein expression difference

between tumor and normal tissues. The inconsistency between mRNA and protein level

expression in tumor and normal tissues leads us to hypothesize the increased protein

expression of BCAR1 in tumor but not in normal may be the result of reduced inhibition of

miRNAs that target deactivation of mRNA and subsequent translation of protein level. We

used multiple prediction tools and predicted several possible miRNAs of BCAR1 in

adenocarcinoma and squamous carcinoma, respectively. However, the bioinformatics

prediction and data observation can not establish causal relationship and further mechanistic

studies should be performed to investigate the association between expression of these

miRNAs and levels of BCAR1-protein. For example, miRNAs’ overexpression/knockdown

experiments are critical to establish the regulatory relationship between the miRNAs and

BCAR1 mRNA and protein. Following these assays, it is also necessary to elucidate the

biological functions of these miRNAs via BCAR1 signaling in apoptosis, proliferation, cell

migration and invasion. Furthermore, expression of these miRNAs and clinical outcomes of

lung cancer patients should also be investigated.

The BCAR1-associated signaling pathways contributing to metastasis are still unclear. Thus

far, overexpression of BCAR1 has been found to be correlated with elevated EGFR

expression levels in prostate cancer, 31 and elevated VEGF and p53 expression levels in

esophageal cancer.7 Additionally, it has been proven to be associated with decreased KAI1

expression (a metastasis suppressor) in prostate cancer. 31 Recently, Miao et al 32 also found

that overexpression of BCAR1 was significantly correlated with abnormal expression of E-
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cadherin and beta-catenin in 105 NSCLC tissues, suggesting BCAR1 holds an important

role in epithelial–mesenchymal transition (EMT) and metastasis. The underlying mechanism

of BCAR1-overexpression that predicts poor prognosis in NSCLC warrants further studies.

In this study, the COX model showed that “tumor-stage” was an independent factor for OS

in adenocarcinoma from the TCGA dataset, but it was not a significant predictor for

squamous carcinoma from the TCGA dataset and adenocarcinoma from Mayo Clinic

dataset. When we used disease free survival (DFS) instead of OS to analyze HR in the Mayo

Clinic dataset, tumor stage was a significant predictor for DFS (HR: 4.458, 95.0% CI for

HR: 2.216–9.347, data not shown). Because most of the Mayo Clinic cases were in early

stages and some deaths were not related to lung cancer after long-term follow-up, use of

DFS as an outcome endpoint may provide more reliable results. Unfortunately, we did not

have the exact cause of death information for the TCGA dataset for such analysis.

BCAR1-mRNA levels predicted poorer prognosis in former or current smokers with

adenocarcinoma or squamous carcinoma cases but were not significant in the 77 never-

smokers of the Mayo Clinic dataset even though it was associated with stage and lymphatic

metastasis status. As discussed above, this may be the result of underpowered sample size

using OS instead of DFS, or NSCLC being less affected by BCAR1 expression in never

smokers, which warrants further investigation.
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Figure 1. BCAR1-mRNA,-protein and potential miRNA in tumor vs. matched normal tissue
A: There were no appreciable differences in BCAR1-mRNA expression between tumors and matched normal tissues in either

the Mayo Clinic or TCGA dataset; B: IHC stain of BCAR1-protein demonstrated remarkably higher levels of Q scores as

compared with matched normal tissues (adenocarcinoma vs. normal tissues: 185±86 vs. 56±72, P<0.001; squamous carcinoma

vs. normal tissues: 162±86 vs 75±83, P<0.001); C: The potential BCAR1-miRNAs predicted by tools were significantly

different between tumor and normal tissues. 5 in adenocarcinoma and 7 in squamous carcinoma were down-regulated in the

tumors.
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