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Abstract: 

Gene expression profiling can predict the clinical outcome of breast cancer. However, further classification is needed to improve 

the prediction of prognosis. For further classification, bioinformatics analysis using The Cancer Genome Atlas (TCGA) dataset 

was performed to determine the effect of the upregulation of basal-like breast cancer-related genes in the PAM50 dataset on 

survival. Survival-related genes were further evaluated in a large cohort in the Kaplan-Meier plotter (KMplot) dataset. These 

analyses revealed that increased expression of EXO1, a basal-like breast cancer-related gene, was linked to longer overall 

survival in basal-like breast cancer [hazard ratio (HR) = 0.135, p < 0.0001 in TCGA and HR = 0.479, p = 0.036 in KMplot] and 

remained significant in multivariate analysis. Therefore, we propose that basal-like breast cancer can be further divided into two 

groups with different prognoses based on EXO1 expression. 
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Introduction 

Since the introduction of intrinsic molecular subtypes of 

breast cancer based on gene expression patterns, the 

implications of this classification have been studied 

extensively.
[1,2]

 The classification of breast cancer into 

intrinsic subtypes is helpful to predict the clinical 

prognosis.
[2]

 Several assay systems based on the use of 

simplified gene sets were established to translate this 

classification into clinical practice. The MammaPrint 

microarray assay provides a prognostic prediction in node-

negative early stage breast cancer by analyzing the 

expression of 70 genes.
[3,4]

 The OncotypeDX assay 

determines the risk of distant recurrence in node-negative 

estrogen receptor-positive breast cancer according to the 

expression of 21 genes.
[5]

 The PAM50, which measures the 

expression of 50 genes to predict risk of recurrence 

(ROR)
[6]

, can be used for the classification of breast cancer 

into intrinsic subtypes in addition to the prediction of ROR. 

Precision oncology or biomarker-driven therapy, which 

describes strategies aimed at targeting a single molecule or 

pathway rather than gene expression patterns, has attracted 

attention because of its high efficacy and few adverse 

effects.
[7]

 Trastuzumab, a precision oncology strategy for the 

treatment of breast cancer, greatly improved the clinical 

outcome of Her2-positive breast cancers.
[8,9]

 Therefore, gene 

expression patterns are currently recognized as prognostic 

factors rather than predictive factors, and additional 

classification methods for the precise prediction of 

prognosis are needed.  

Here, the possible subdivision of basal-like breast cancer, a 

subtype linked to poor clinical outcomes, was investigated 

by bioinformatics analysis of 30 basal-like breast cancer-

related genes from the PAM50.
[2]

 EXO1, a gene in the 

PAM50 gene set, is often overexpressed in breast cancer and 

linked to shorter survival.
[10,11]

 In the present study, unbiased 

analysis revealed that increased expression of EXO1 is 

linked to longer survival in basal-like breast cancer. 

Materials and Methods 

Bioinformatics 

Gene expression data (z-score) from breast invasive 

carcinoma samples from The Cancer Genome Atlas (TCGA) 

(RNA sequencing) were downloaded from cBioPortal 

(www.cbioportal.org).
[12]

 The Kaplan-Meier plotter 

(KMplot) data were downloaded from the KMplot site 

(http://kmplot.com/analysis/).
[13]

 The heatmap was generated 

with the “Heatplus” package in R using gene expression 

data (z-score). Hierarchical clustering was performed using 

the “Heatplus” package in R. The forest plot was 

constructed using the “metafor” package in R. 

Statistics 

For survival analysis, a Cox proportional hazard model was 

used to analyze forest plot and multivariate data. The log-

rank test was used for all other survival analyses. The Cox 

          Open Access Journal                                                     Research Article                                           DOI: 10.23958/ijirms/vol02-i07/15 

http://www.cbioportal.org/
http://kmplot.com/analysis/


International Journal of Innovative Research in Medical Science (IJIRMS) 

Volume 02 Issue 07 July 2017, ISSN No. - 2455-8737 

Available online at - www.ijirms.in 

 

 1032 DOI: 10.23958/ijirms/vol02-i07/15                                                                   © 2017 Published by IJIRMS Publication 

 

proportional hazard model was fitted using the coxph 

function (located in the “survival” package in R). The log-

rank test was performed using Graphpad prism. Weighted 

kappa statistics were performed using a web tool available at 

Vassar Stats: Website for Statistical Computation 

(http://vassarstats.net). 

Table 1: Multivariate analysis of EXO1 expression on OS 

 Unadjusted Adjusted 

 HR (95%CI) p-value HR (95%CI) p-value 

EXO1 0.10 (0.03-0.39) *** 9.64E-04 0.10 (0.02-0.56) ** 8.43E-03 

Age 1.01 (0.96-1.06) 0.76 0.96 (0.87-1.05) 0.34 

Stage 1.39 (0.80-2.43) 0.25 1.15 (0.51-2.58) 0.73 

OS: overall survival 

HR: hazard ratio 

CI: confidence interval 

Age and stage were evaluated as a continuous variable. 

Abbreviations 

TCGA: The Cancer Genome Atlas 

KMplot: Kaplan-Meier plotter 

HR: hazard ratio 

ROR: risk of recurrence 

OS: overall survival 

 
Figure 1: Hierarchical clustering of the TCGA dataset based on the PAM50 

The heat map displays the expression pattern of 50 genes in the TCGA dataset. The hierarchical clustering divided the cohort into 

four subtypes. 

http://vassarstats.net/
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Figure 2: Effect of basal-like breast cancer-defining gene expression on survival 

Forest plots show overall survival hazard ratio when genes are overexpressed (z-score ≥1) in all breast cancer cases (A), and in 

basal-like breast cancer (B). 

 

Figure 3: Effect of EXO1 expression on basal-like breast cancer survival 

Overall survival curves of cohorts with or without increased expression of EXO1 in total breast cancer (A) or basal-like breast 

cancer (B) in the TCGA dataset and in total breast cancer (C) or basal-like breast cancer (D) in KMplot are shown. The definition 

of increased expression was based on a z-score ≥1 in the TCGA dataset and upper quartile in KMplot. 

Results 

Classification based on PAM50 

The 511 cases of breast adenocarcinoma in the TCGA 

dataset were classified into intrinsic subtypes using RNA 

sequencing data (z-score) from the PAM50 (TCGA Nature 

2012).
[14]

 Hierarchical clustering divided the cohort into four 

groups: luminal A (229 cases), luminal B (124 cases), Her2-

enriched (57 cases), and basal-like (97 cases) (Figure 1). 

The accuracy of this classification was confirmed using a 
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classification based on microarray data from the same 

cohort.
[14]

 The concordance was confirmed using the 

weighted kappa statistic. The results suggested that the 

present classification was reliable (weighted kappa statistic 

= 0.8713). 

Effect of basal-like breast cancer-related gene expression 

on survival  

Thirty genes (keratin genes: SFRP1, EGFR, FOXC1, CDH3, 

KRT5, KRT14, KRT17, MIA, and PHGDH; and 

proliferation-related genes: UBE2T, EXO1, BIRC5, KIF2C, 

CDC20, CEP55, MELK, ORC6L, UBE2C, CCNE1, CENPF, 

CDCA1, RRM2, ANLN, MYBL2, MKI67, PTTG1, CCNB1, 

TYMS, KNTC2, and CDC6) in the PAM50 dataset are highly 

expressed in basal-like cancer.
[15]

 The overall survival (OS) 

and hazard ratio (HR) of the cohort with increased 

expression (z-score ≥1) of the 30 genes were calculated. 

Increased expression of the 30 genes was linked to shorter 

OS (HR = 1.13, 95% confidence interval (CI): 1.01–1.26) 

(Figure 2A). Among the 30 genes, increased expression of 

three genes (CDCA1, RRM2, and CCNB1) was linked to 

shorter OS (Figure 2A). The effect of the expression of 50 

genes on survival in basal-like breast cancer was also 

assessed. The results showed that increased expression of 

EXO1 was linked to longer OS (Figure 2B). 

The effect of EXO1 expression on survival 

EXO1 is a basal-like breast cancer-associated gene, 

suggesting that it is linked to poor clinical outcome.
[15]

 

Studies show that overexpression of EXO1 is linked to 

shorter survival in breast cancer.
[2]

 However, the results of 

the present unbiased bioinformatics approach suggested that 

increased expression of EXO1 is linked to longer survival in 

basal-like breast cancer, as determined using a Cox 

proportional hazard model (Figure 2B). To confirm these 

results, we used a different statistical model and multivariate 

analysis to control for other factors such as age and stage. 

Although EXO1 was not related to survival in the total 

population in the TCGA dataset (HR = 0.870, 95% CI: 

0.538–1.637), increased expression of EXO1 was linked to 

longer OS in basal-like breast cancer in the log-rank test 

(HR = 0.135, 95% CI: 0.002–0.120) (Figure 3A and B). 

These data remained significant in the multivariate analysis 

after adjusting for age and stage (Table 1). The effect of 

EXO1 overexpression on survival was assessed in a 

marginal large cohort of 1402 cases of breast cancer 

including 241 cases of basal-like breast cancer in the 

KMplot dataset. Consistent with previous reports, increased 

expression of EXO1 was linked to shorter OS in all breast 

cancer cases (HR = 1.348, 95% CI: 1.069–1.789) (Figure 

3C). The raw clinical and gene expression data were not 

available in the KMplot dataset. Therefore, the original 

settings regarding the definition of basal-like breast cancer 

(ESR1-negative and HER2-negative) and overexpression 

(upper quartile of the entire population) could not be 

modified. However, even under different conditions, 

increased expression of EXO1 was linked to longer OS in 

the large cohort of basal-like breast cancer (Figure 3D). 

Discussion 

In the present study, second-round classification was 

performed using specific genes in the PAM50 dataset. This 

analysis further subdivided basal-like breast cancer into two 

groups based on EXO1 expression, and the two groups were 

linked to different clinical outcomes. EXO1 is an 

independent poor prognostic factor in breast cancer; 

however, the present results showed that EXO1 

overexpression was linked to longer survival in basal-like 

breast cancer.
[10,11]

 Thirty genes in the PAM50 dataset are 

overexpressed in basal-like breast cancer including EXO1, 

indicating that increased expression of EXO1 may identify a 

subset of basal-like breast cancer. As basal-like breast 

cancer is associated with poor clinical outcome, increased 

expression of EXO1 could indicate a poor clinical outcome 

in the total cohort.
[2]

  

In the present study, the effect of single molecule expression 

on survival was investigated to identify a system of breast 

cancer classification beyond the current intrinsic molecular 

subtype classification. The present results suggest that 

effective therapies can be identified using precision 

oncology. Increased expression of EXO1 was associated 

with longer survival in basal-like breast cancer, suggesting 

that decreased expression of EXO1 is linked to poor 

prognosis. EXO1 is an exonuclease involved in DNA end 

resection at the sites of DNA damage, an initial step of 

homologous recombination, and the repair machinery for 

DNA double strand breaks.
[16]

 EXO1
-/-

 S. pombe displays 

intact RAD51 foci formation, suggesting that EXO1 is 

dispensable for homologous recombination.
[17]

 These data 

indicate that DNA damaging agents or PARP inhibitors, 

which specifically kill cells with homologous recombination 

defects, are not appropriate for the poor prognostic basal-

like breast cancer with EXO1 downregulation. However, a 

different approach could provide a promising therapeutic 

option. One group compared gene expression patterns based 

on EXO1 expression in breast cancer, and the differentially 

expressed genes in the EXO1 overexpressing cohort were 

further validated using anticancer agents that efficiently 

suppressed cellular growth.
[10]

 This analysis revealed that 

PI3K/AKT inhibition is a potential therapeutic option for 

breast cancer with EXO1 overexpression. Such procedures 

can be used to identify novel therapies for the treatment of 

breast cancer with EXO1 downregulation. 

The present study proposed a novel subdivision of basal-like 

breast cancer. However, the study was performed using a 

limited number of genes; a greater number of genes may 

improve the accuracy of the subdivision. In addition, the 
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application of this system to clinical practice requires 

simplified methods, such as immunohistochemistry 

techniques. Further studies using larger cohorts are required 

before the clinical application of this method. 

Conclusion 

Basal-like breast cancer can be further divided into two 

groups with different prognosis based on EXO1 expression. 
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