High Expression of Three-Gene Signature Improves
Prediction of Relapse-Free Survival in Estrogen
Receptor-Positive and Node-Positive Breast Tumors
Arvind Thakkar1,2, Hemanth Raj3, Ravishankar3, Bhaskaran Muthuvelan4, Arun Balakrishnan1 and
Muralidhara Padigaru1
1

Piramal Life Sciences Ltd, Nirlon Complex, Goregaon (E), Mumbai, India. 2Western University of Health Sciences, Pomona, CA, USA.
Apollo Speciality Hospital, Chennai, Tamil Nadu, India. 4Vellore Institute of Technology University, Vellore, Tamil Nadu, India.

3

Abstract: The objective of the present study was to validate prognostic gene signature for estrogen receptor alpha-positive (ERα+) and lymph node (+)
breast cancer for improved selection of patients for adjuvant therapy. In our previous study, we identified a group of seven genes (GATA3, NTN4, SLC7A8,
ENPP1, MLPH, LAMB2, and PLAT) that show elevated messenger RNA (mRNA) expression levels in ERα (+) breast cancer patient samples. The prognostic values of these genes were evaluated using gene expression data from three public data sets of breast cancer patients (n = 395). Analysis of ERα (+)
breast cancer cohort (n = 195) showed high expression of GATA3, NTN4, and MLPH genes significantly associated with longer relapse-free survival (RFS).
Next cohort of ERα (+) and node (+) samples (n = 109) revealed high mRNA expression of GATA3, SLC7A8, and MLPH significantly associated with
longer RFS. Multivariate analysis of combined three-gene signature for ERα (+) cohort, and ERα (+) and node (+) cohorts showed better hazard ratio than
individual genes. The validated three-gene signature sets for ERα (+) cohort, and ERα (+) and node (+) cohort may have potential clinical utility since they
demonstrated predictive and prognostic ability in three independent public data sets.
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Introduction

Breast cancer is a heterogeneous disease, making it an ideal
disease to study using microarrays since different expression
patterns can be identified within distinct tumor groups. An
increased understanding of the pathogenesis of breast cancer is
imperative in the pursuit of innovative therapies for treatment
and/or prognosis of patients. Gene expression studies based on
microarray have been used extensively by cancer researchers to
profile cancer subsets, predict patients’ outcome, and identify
genes of clinical relevance.2–5
Breast cancer is no longer a single disease, but it is a heterogeneous disease consisting of different subtypes on the
molecular and histopathological levels with different prognostic and therapeutic outcomes.6–9 Gene expression profiling has
classified breast cancer into five biologically distinct intrinsic
subtypes: luminal A, luminal B, human epidermal growth
factor receptor 2 (HER2+), basal-like, and normal-like.6–9
The luminal A subtype is estrogen receptor alpha positive
(ERα+), progesterone receptor positive (PR+), and HER2 (−);
luminal B subtype is ERα+, PR+, and HER+, and luminal B
is associated with a relatively worse outcome. Both HER2 (+)
and basal-like (ER-, PR-, and HER-) breast cancers have poor
1

outcomes. Parker et al.9 developed an efficient classifier, called
PAM50, to distinguish these five intrinsic subtypes using the
expression of 50 “classifier genes.” In a more recent study, a
large breast cancer patient cohort (n ∼ 2000) was clustered
into 10 molecularly defined subgroups with apparently distinct biology and disease-specific survival characteristics.10
In addition, different breast cancer subtypes have different
treatment responses.11,12
An important part of the diagnostic workup of all the
breast cancer patients is the determination of the ERα status
of the tumor. Clinically, an ERα (+) status is associated with
improved prognosis, lower risk of relapse, and better overall
survival,13 and that are key aspects for making decisions for
endocrine therapy with antiestrogens. A major problem in
clinical oncology is to distinguish the patients who are likely
to present a relapse of the disease from those with a favorable prognosis. In recent years, it has been realized that apart
from ERα, other factors are also important in deciding the
therapeutic strategies of the patient. These include histological
markers such as grade, tumor size, lymph node involvement,
PR, and HER2 receptor status. Each of these has modest positive predictive value (30%–60%).14–17 Moreover, the current
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histological classifications of breast cancer do not fully
represent the diverse clinical outcome of the disease. Recent
approaches for patient management, which utilize histological markers in conjunction with online statistical algorithms
such as “Nottingham Prognostic Index” and “Adjuvant!
Online”, fail to predict the course of the disease in a significant number of breast cancer patients.18,19 Women with node
(+), ERα (+), and HER2 (−) often receive adjuvant treatment
with chemotherapy and hormonal therapy. Nevertheless, few
patients eventually experience a recurrence. Thus, new tools are
needed to allow improved definition of a risk of recurrence. If
it were possible to predict cancer recurrence following standard therapy, these patients could be targeted for alternative
treatment strategies.
Recently, we published gene expression profile of breast
tumors and identified seven genes (GATA3, NTN4, SLC7A8,
MLPH, ENPP1, LAMB2, and PLAT) that showed high
messenger RNA (mRNA) expression levels in ERα (+) compared to ERα (−) breast tumors.20 In the present study, we
have delineated the association between mRNA expression
of these aforementioned seven genes with clinicopathological
parameters such as PR, HER2, tumor grade, and lymph node
status. To demonstrate that these genes have significantly better prediction for RFS than standard prognostic factors, we
investigated the clinical utility of the aforementioned seven
genes on 340 patient samples from three public data sets as
validation cohort and used Kaplan–Meier survival curve using
univariate and multivariate analysis.

and reused for this study. This research was therefore exempt
from the requirement for ethics committee approval under
US regulations §46.101(b)(4). The research was conducted in
accordance with the standards in the Declaration of Helsinki.
Breast tumor samples were obtained from patients undergoing
surgery after informed written consent (Apollo Hospital). The
excised tumor specimens were immediately preserved in RNA
later (Life Technologies) and stored at 4 °C until shipment.
All tumor samples utilized in this study were invasive ductal
carcinoma (Supplementary Table 1). All the histopathological information used in the analysis was directly documented
from the original pathology reports. Grading, tumor type,
ERα status, PR status, and HER2 status had been routinely
recorded at the Apollo Hospital.
Public microarray data sets. Due to limited availability
of clinical information in our data set, we used independent
data sets to assess the predictive ability of our gene signatures,
which will give us additional confidence in clinical validity.
The data sets with Gene Expression Omnibus (GEO) accession numbers GSE2740, GSE1992, and GSE2607 generated using Agilent microarray platform have been previously
described.21–23 A total of 141 patient samples in GSE2740,
152 patient samples in GSE1992, and 102 patient samples
in GSE2607 were used. A total of 395 patient samples with
histopathological information are available in Supplementary Table 2. Patient samples with missing survival information were omitted; hence, a total of 340 samples were used
for further analysis (Table 1). The clinical data were extracted
from the gene expression data files downloaded from GEO.
The ERα status, nodal status, survival data, and gene expression data were used for Kaplan–Meier survival curve and Cox
multivariate analysis.

Materials and Methods

Patients and breast cancer tissues. Human cells and
specimens were obtained for previous research, 20 deidentified,

Table 1. The range of expression for seven genes and a median value used to stratify patient samples from public data sets into the groups of
high expression and low expression.
GATA3

NTN4

SLC7A8

MLPH

ENPP1

LAMB2

PLAT

Cohort I: 195 estrogen receptor positive (ER +) patient samples
mRNA expression range

1.7 to −4.1

2.7 to −3.9

1.5 to −4.0

2.2 to −2.1

2.5 to −2.5

1.1 to −1.2

2.8 to −3.2

Cut-off value

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Number of high expression samples

95

96

97

91

97

96

95

Number of low expression samples

100

99

98

104

98

99

100

Cohort II: 109 ER (+) and node (+) patient samples
mRNA expression range

1.4 to −3.0

1.0 to −3.3

2.3 to −1.4

2.8 to −2.7

1.6 to −2.0

1.2 to −1.1

2.8 to −3.2

Cut-off value

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Number of high expression samples

22

22

22

22

22

22

22

Number of low expression samples

87

87

87

87

87

87

87

Cohort III: 67 ER (+) samples with
3-gene combined expression

Cohort IV: 43 ER (+) Node (+) samples with 3-gene
combined expression

GATA3/NTN4/MLPH

GATA3/SLC7A8/MLPH

Cut-off value

0.0

0.0

Number of high expression samples

30

20

Number of low expression samples

37

23

104
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Statistical analysis. To visualize gene expression values
using heat maps, the values for each probe were centered by
subtracting the mean expression value across patients. No genespecific scaling (standardization) was performed, and, thus,
information about the relative signal strength between probes
was retained. The color tone in the heat maps was calibrated
so that saturated red and saturated green were reached at values equal to 3.5-fold the standard deviation of the expression
values of the entire matrix. Red and green reflect high- and
low-expression levels (log 2-transformed scale), respectively.
The gene expression data from 340 patient samples were
dichotomized according to the median (cutoff value 0.0) of the
complete cohort. The expression data higher than the median
were grouped into the “high-expression” group, and the
expression values lesser than the median were grouped into the
“low-expression” group (Table 1). Mann–Whitney t-test was
used to evaluate the difference between mRNA levels of genes
and clinicopathological parameters. Survival distributions
were estimated using the Kaplan–Meier method (univariate),
and the significance of differences between survival rates was
ascertained by the log-rank test using the GraphPad software.
Candidate prognostic factors for RFS with a 0.05 significance
level in univariate analysis were entered in a multivariate Cox
model.24 Multivariate analysis was evaluated by step-wise forward Cox’s regression analysis. The Cox proportional hazard
model was used to calculate the hazard ratio (HR) and 95%
confidence interval (CI) in the analysis of relapse-free survival (RFS). RFS was measured from the date of diagnosis to
relapse or censored at the last follow-up. A P-value less than
0.05 were considered statistically significant.

Results

Relationship between mRNA levels of seven genes
and clinicopathological parameters. Initially, we sought to
corroborate the findings of our recent study. 20 We correlated
the mRNA expression of these seven genes with clinicopathological parameters. In our previous study, 20 we had performed
reverse transcription quantitative polymerase chain reaction
(RT-qPCR) analyses of 76 tumor specimens and showed that
the expression of aforementioned seven genes was significantly associated with ERα (+) tumors (P , 0.01). Herein,
we utilized the same RT-qPCR data and classified it based
on PR, HER2, tumor grade, and lymph node status (Supplementary Table 1). We observed that increased expression of
the aforementioned seven genes was significantly associated
with PR (+) breast tumors (P , 0.05). In contrast, no such
association was found between mRNA expressions of these
genes with HER2 receptor status and lymph node status
(Table 2). Interestingly, six out of the seven genes did not
show any association with regard to tumor grade. The only
mRNA expression level of MLPH (P = 0.013) was significantly higher in grade I than grade III tumor. Given that the
increased expression of each of the seven genes was associated with not only ERα (+) status but also PR (+) status, we

ascertained if there was any correlation between the expression of these genes with ERα (+) and PR (+) breast tumors.
We observed that this latter group of patients expresses statistically significant higher mRNA levels of GATA3, NTN4,
SLC7A8, MLPH, ENPP1, LAMB2, and PLAT compared to
triple negative [ERα (−)/PR (−)/HER2 (−)] breast tumors
(Table 2). Interestingly among endocrine-treated patients,
the previous report 25 also showed that the presence of both
ERα and PR was a stronger marker for the benefit of adjuvant endocrine therapy than ER alone. Accordingly, high
expression of our gene signature could be used as a prediction
marker for endocrine therapy.
Meta-analysis of seven genes deregulated in ERα
(+) breast tumors. Next, we sought to correlate the mRNA
expression of these seven genes with long-term survival
data. Since we did not have an adequate number of clinical samples, we utilized published data sets to validate our
predictive gene set. Further use of independent data sets to
assess the predictive ability of our gene signatures will give
us additional confidence in clinical validity. Accordingly,
gene expression data were obtained from three independent
public data sets (n = 395). 21–23 The 340 patient samples from
public data sets were considered for further analysis based
on the available survival information (Table 1; Supplementary Table 2). Out of 340 samples, there were 195 ERα (+)
and 145 ERα (−) samples. The seven genes dysregulated in
ERα (+) breast tumors (GATA3, NTN4, SLC7A8, MLPH,
ENPP1, LAMB2, and PLAT) were utilized to cluster all the
tumors and, subsequently, the data were visualized in the
form of heat map (Fig. 1). Out of 195 ERα (+) and 145 ERα
(−) samples, our seven genes could classify 181 ERα (+) samples and 135 ERα (−) samples correctly with 93% positive
prediction. These proved prediction value of mRNA levels of
these seven genes to classify ERα (+) and ERα (−) samples.
High mRNA expressions of GATA3, NTN4, and
MLPH are associated with longer RFS in ERα (+) breast
tumors. The gene expression values from the public data sets
were dichotomized according to the median of the complete
cohort, and expression data higher than the median were
grouped into the high-expression group, and the expression
values lesser than the median were grouped into the lowexpression group (Table 1). Univariate analysis on ERα (+)
test data sets (n = 195; Supplementary Table 3) revealed that
high mRNA expression levels of GATA3 (P = 0.0003), NTN4
(P = 0.0011), SLC7A8 (P = 0.012), and MLPH (P = 0.0054)
were significantly associated with longer RFS. Cox multivariate analysis revealed that GATA3 (P = 0.0167), NTN4
(P = 0.0044), and MLPH (P = 0.0321) were independent
prognostic markers and significantly associated with RFS
(Fig. 2; Table 3).
High mRNA expressions of GATA3, SLC7A8, and
MLPH are associated with longer RFS in ERα (+) and node
(+) breast tumors. Having studied the prognostic significance
of the seven dysregulated genes in ERα (+) patients, we next
Biomarker Insights 2015:10
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GATA3
MLPH
SLC7A8
Color range

NTN4
−3.5

ENPP1

0

3.5

ER
Negative

LAMB2
Positive

PLAT

ERα (−)

ERα (+)

Figure 1. Dendrogram of 340 breast cancer samples from public data sets. Unsupervised, hierarchical, uncentered Pearson distance (co-relation)
clustering was performed to classify the seven genes into homogeneous clusters.
Note: The columns in the dendrogram represent the patient’s tumor samples, while the rows represent the genes classified into clusters based on similar
expression patterns. The expression color bar demonstrates the limits of regulation on either direction. The ERα (+) tumor samples are colored blue and
ERα (−) samples colored red.

sought to perform our analysis with the clinically important
issue of the metastatic spread of the tumor. The determination
of the extent of lymph node involvement in primary breast
cancer is the single most important risk factor in disease outcome. Accordingly, we next investigated the correlation of
these seven dysregulated genes with ERα (+) and node (+)
cohort (n = 109; Supplementary Table 4). In univariate analysis, high mRNA expression of GATA3 (P = 0.003), SLC7A8
(P = 0.0045), MLPH (P = 0.0021), and PLAT (P = 0.0311)
showed significantly longer RFS. In Cox multivariate analysis, high mRNA expression of GATA3 (P = 0.0009), SLC7A8
(P = 0.0431), and MLPH (P = 0.0170) showed significantly
longer RFS. In contrast, high mRNA expression of ENPP1
(P = 0.0001) was significantly associated with the worst RFS
(Table 4). Interestingly, in a subset analysis of ERα (+) and
node (−) cohort of patients (n = 84), none of the genes persisted in multivariate analysis (Table 5).
Elevated expression of three-gene signature improves
RFS. In our previous analyses, we had ascertained the predictive power of “individual” genes. We next sought to determine
the “combined” predictive power of the three-gene signature.
Accordingly, patients who expressed high mRNA levels of
“all” three genes were studied against those who expressed low
mRNA levels of all three genes with the cutoff value of zero.
Initially, we looked into the 195 samples of ERα (+) cohort.
In multivariate analysis, the three genes GATA3, NTN4,
and MLPH showed independent prognostic value and were
significantly associated with RFS. Hence, to determine the
106
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combined prediction value of all three genes, the 67 patient
samples expressing similar expression of all three genes were
selected (Supplementary Table 5). Patients having the high
mRNA expression of all three genes GATA3, NTN4, and
MLPH (n = 30) were compared with patients having the low
mRNA expression of all three genes (n = 37). Multivariate
analyses revealed that the three-gene signature showed better
HR (0.056) and longer RFS than individual gene signature
(Table 6; Fig. 3). Next, we looked into the 109 samples of ERα
(+) and node (+) cohort. To determine the combined prediction
value of all three genes GATA3, SLC7A8, and MLPH in this
cohort, the 43 patient samples expressing similar expression of
all three genes were selected (Supplementary Table 6). Patient
samples showing high mRNA expression of all three genes
GATA3, SLC7A8, and MLPH (n = 20) were compared with
patients having low mRNA expression (n = 23) and observed
that the combined three-gene signature showed better HR
(0.057) than individual genes (Table 6; Fig. 3).

Discussion

The current method of determination of ERα status by immunohistochemistry under clinical setup provides information
about the expression pattern of ERα with no information on
possibly disabled downstream ER pathway.14,17 Thus, it is plausible that the status of the ER pathway is also clinically relevant and may explain variable response to endocrine therapy
in ERα (+) patients. Hence, measurements of gene expression
profiles that reflect the activity of ER pathway could provide

P-value

Median

P-value

Median

P-value

Median

P-value

Median

1.62

5.87

4.55

6.85

Note: Significant P-values are in italics.

PLAT mRNA

LAMB2 mRNA

ENPP1 mRNA

MLPH mRNA

0.03

0.59

0.0006

0.94

0.0001

0.79

0.0001

0.3

0.0001

1.9

P-value

15.3

0.52

0.0001

0.33

SLC7A8 mRNA Median

3.8

5.7

0.0001

Median

P-value

Median

P-value

NTN4 mRNA

GATA3 mRNA

1.62

6.1

3.81

6.75

15.75

3.9

5.0

0.027

0.6

0.0001

1.05

0.0002

0.95

0.0001

0.405

0.0001

3.25

0.0003

0.72

0.0001

0.79

Negative
(34)

Positive
(42)

Positive
(40)

Negative
(36)

Progesterone
receptor (PR)

Estrogen
receptor (ER)

1.28

2.81

1.92

4.385

6.48

2.2

2.2

1.43

Negative
(54)

0.975

1.05

0.628

3.16

0.838

2.72

0.271

2.66

0.428

9.48

0.93

1.28

0.785

Positive
(22)

HER2

Table 2. The relation between mRNA levels and clinicopathological parameters.

2.41

7.53

2.8

21.7

13.6

1.6

11.2

I (8)

0.544

1.7

0.698

3

0.253

3.25

0.013

3.3

0.54

10.04

0.305

1.3

0.069

2.3

II (36)

0.67

1.01

1.18

1.36

4.245

0.9

0.42

III (26)

Histological
grade

1.15

3

1.95

2.02 5

9.46

1.1

0.76

0 (25)

0.101

0.78

0.179

1.09

0.527

0.95

0.212

1.15

0.454

5.52

0.348

0.66

0.219

0.4

1–3
(20)

1.3

6.5

4.55

2.26 0.69

3.69 2.74

4.1

5.46 6.15

2.96

7.63

5.93

6.88

17

8

8.26

0.6759

1.04

0.0014

3.68

0.0003

2.35

0.02

5.16

0.014

12.2

0.0127

2.5

0.0039

4.49

0.21

0.7

0.38

0.13

0.67

0.41

0.22

ER (+) luminal luminal Triple
A
B
negative
subtype subtype (Basal)

Phenotype

9.48 9.82

2.5

2.7

.3
(22)

Number of lymph
nodes positive
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0.50
0.25
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0.00

0 10 20 30 40 50 60 70 80 90 100110
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LAMB2 (P = 0.3664)
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1.00
PLAT (P = 0.119)
0.75

High expression
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Low expression

0.25
0.00
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RFS months

Figure 2. Kaplan–Meier survival curve using high and low mRNA expression among ERα (+) breast tumors from public data sets (n = 195). Univariate
analysis (n = 195) revealed that high mRNA expression levels of (A) GATA3 (P = 0.0003), (B) NTN4 (P = 0.0011), (C) SLC7A8 (P = 0.012), (D) MLPH
(P , 0.0054), (E) ENPP1 (P = 0.3191), (F) LAMB2 (P = 0.3664), and (G) PLAT (P = 0.119) were significantly associated with longer relapse-free survival.
A significance of difference between survival rates was ascertained by the log-rank test and P-value less than 0.05 was considered statistically
significant.

an important insight in understanding the behavior of breast
cancers. We reported the expression pattern for seven genes
that were regulated by ERα and demonstrated the differential
expression in various phenotypes of breast cancer pathology.

We observed the highest expression of five genes in ERα (+)
and PR (+) cohort of patients (luminal A subtype). Interestingly, among endocrine-treated patients, previous report 25
also showed that the presence of both ERα and PR was a

Table 3. The univariate and multivariate analysis in relation to RFS among 195 ERα (+) breast cancer patient samples from public data sets.
Genes

Univariate

Multivariate

Hazard ratio

95% CI

P-value

Hazard ratio

95% CI

P-value

Likelihood
ratio

GATA3

0.248

0.1360 to 0.5570

0.0003

0.338

0.139 to 0.822

0.0167

271.19

NTN4

0.274

0.1542 to 0.6257

0.0011

0.275

0.113 to

0.0044

261.97

SLC7A8

0.392

0.1998 to 0.8195

0.012

N/A

N/A

NS

N/A

MLPH

0.367

0.1796 to 0.7425

0.0054

0.418

0.188 to

0.0321

256.55

ENPP1

1.417

0.7054 to 2.918

0.3191

N/A

N/A

N/A

N/A

LAMB2

0.725

0.3599 to 1.458

0.3664

N/A

N/A

N/A

N/A

PLAT

0.570

0.2805 to 1.156

0.119

N/A

N/A

N/A

N/A

Note: Significant P-values are in italics.
Abbreviations: NS, non-significant; N/A, not available; CI, confidence interval; ER, estrogen receptor; RFS, relapse-free survival.
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Table 4. Univariate and multivariate analysis in relation to RFS among 109 ERα (+) and node (+) breast cancer patient samples from public data
sets.
Genes

Univariate

Multivariate

Hazard ratio

95% CI

P-value

Hazard ratio

95% CI

P-value

Likelihood ratio

GATA3

0.2861

0.1490 to

0.003

0.148

0.047 to

0.0009

191.67

NTN4

0.5296

0.2480 to 1.134

0.1018

N/A

N/A

N/A

N/A

SLC7A8

0.3033

0.1522 to

0.0045

0.372

0.140 to

0.0431

180.58

MLPH

0.2785

0.1392 to

0.0021

0.293

0.106 to

0.0170

210.32

ENPP1

2.27

1.099 to 5.103

0.0278

5.853

2.318 to

0.0001

200.47

LAMB2

0.584

0.2566 to 1.209

0.1389

N/A

N/A

N/A

N/A

PLAT

0.4233

0.2055 to

0.0311

N/A

N/A

NS

N/A

Note: Significant P-values are in italics.
Abbreviations: NS, non-significant; N/A, not available; CI, confidence interval; ER, estrogen receptor; RFS, relapse-free survival.

Table 5. Univariate and multivariate analysis in relation to RFS among 84 ERα (+) and node (−) breast cancer patient samples from public data
sets.
Genes

Univariate

Multivariate

Hazard ratio

95% CI

P-value

Hazard ratio

GATA3

0.451

0.06059 to 3.606

0.4656

N/A

NTN4

0.2637

0.02665 to 1.949

0.1769

N/A

SLC7A8

0

0.007922 to 0.5021

0.009

NS

MLPH

N/A

N/A

0.172

N/A

ENPP1

0.2637

0.02665 to 1.949

0.1769

N/A

LAMB2

0

0.01232 to 0.7328

0.0239

NS

PLAT

4.5

0.7140 to 78.62

0.0931

N/A

95% CI

P-value

Likelihood ratio

Note: Significant P-values are in italics.
Abbreviations: NS, non-significant; N/A, not available; CI, confidence interval; RFS, relapse-free survival; ER, estrogen receptor.

Table 6. Univariate and multivariate analysis of three-gene signature in relation to RFS among ERα cohort (n = 67), and ERα (+) and node (+)
samples (n = 43) from public data sets.
Sample
Classification

Univariate
High or Low
expression of
all 3-genes

Hazard
ratio

95% CI

Multivariate

ERα (+) cohort

GATA3/NTN4/MLPH

0.1058

ERα (+) and node (+) GATA3/SLC7A8/MLPH 0.0581

Hazard
ratio

95% CI

0.052 to 0.376 ,0.0001

0.056

0.0074 to 0.4268 0.0053

115.19

0.052 to 0.367 ,0.0001

0.057

0.0076 to 0.4320 0.0055

99.93

P-value

P-value

Likelihood
ratio

Note: Significant P-values are in italics.
Abbreviations: CI, confidence interval; ER, estrogen receptor.

stronger marker for the benefit of adjuvant endocrine therapy
than ER alone.
Due to limited availability of clinical information in
our data set, we used independent data sets21–23 to assess the
predictive ability of our gene signatures, which will give us
additional confidence in clinical validity. Meta-analysis of
seven genes showed that a gene expression is reliable and
robust to determine ER expression in three independent
data sets comprising 340 tumor samples. These analyses
strengthen our recent findings and suggest that a seven-gene

signature can stratify/classify ERα (+) and ERα (−) tumors
in an independent data set. Of the seven genes analyzed in
the ERα (+) tumors, the high mRNA expression of GATA3,
NTN4, and MLPH emerged as an independent prognostic
factor in multivariate analysis. In ERα (+) and node (+)
tumors, the high mRNA levels of GATA3, SLC7A8, and
MLPH emerged as an independent prognostic factor in multivariate analysis. In our findings, we did not find any literature
describing the importance of SLC7A8 and MLPH in prognosis and overall disease-free survival of breast cancer patients.
Biomarker Insights 2015:10
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Figure 3. (A) Kaplan–Meier survival curve using high mRNA expression of all three genes GATA3, NTN4, and MLPH (n = 30) was compared with patients
having the low mRNA expression of all three genes (n = 37) among ERα (+) breast cancer samples from public data sets (n = 67); (B) Kaplan–Meier
survival curve using high mRNA expression of all three genes GATA3, SLC7A8, and MLPH (n = 20) was compared with patients having the low mRNA
expression (n = 23) among ERα (+) and node (+) breast tumors from public data sets (n = 43). A significance of difference between survival rates was
ascertained by the log-rank test and P-value less than 0.05 was considered statistically significant.

Classic parameters, such as ER, PR, HER2 status, number of lymph nodes positive, and tumor size, have been integrated into software applications such as Adjuvant! Online19
to help doctors in calculating a risk of relapse and benefit from
adjuvant therapy. However, uncertainty remains in many cases
even with the use of this software. The well-established prognostic and/or therapeutic breast cancer markers are hormone
receptors (ER and PR), 26 HER2, 27 Ki-67 antigen, 28 tumor
protein p53, 29 carbohydrate 15–3 and carcinoembryonic antigens (CA 15–3 and CEA), 30,31 and breast cancer susceptibility
genes (BRCA1 and BRCA2).32 Gene signatures can complement classic prognostic factors to obtain more accurate prognostic information. The 70-gene signature (MammaPrint;
Agendia) and the 21-gene signature (OncoType; Genomic
Health) are being used in selected patients with early ERα (+)
disease to identify those women who will be cured even if they
do not receive adjuvant chemotherapy.4,33 These signatures
have been extensively studied and are widely used in Europe
and USA.34–36 The National Cancer Comprehensive Network
guidelines indicate that the 21-gene signature can be considered in women with tumors .0.5 cm, HER2-negative disease,
and node-negative disease.37 Limitations of the 21-gene and
70-gene signatures are intended to be used by women with
node-negative breast cancer diagnosis. Many other gene signatures have been developed and have undergone validation.
One of them is the breast cancer gene expression ratio test,
which only measures the ratio of HOXB13 to IL17BR. 38,39
A high mRNA expression ratio was associated with a high
risk of recurrence in tamoxifen-treated patients. Recently,
the accuracy of this test could be improved by including
proliferation-associated genes of the molecular grade index,40
which is an RT-qPCR assay consisting of five genes that are
able to identify a subgroup of ER (+) patients with a worse
outcome despite endocrine therapy. The Rotterdam 76-gene
signature was created on the basis of predicting the development of metastatic disease within 5 years using an unselected
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patient cohort regarding age, tumor size, grade, and hormone
receptor status.41,42
The 5-year survival for patients with the node-negative
disease is 82.8% compared with 73% for 1–3 positive nodes,
45.7% for 4–12 positive nodes, and 28.4% for $13 positive
nodes.43 These data demonstrate that the risk of recurrence is
significant enough with lymph node-positive disease to warrant adjuvant systemic therapy since, generally, a future risk
of distant recurrence of 20% or greater is regarded significant
enough to consider the risks of therapy. Hence, it is important
to stratify ERα (+) and node (+) patients into a low- and highrisk group for RFS. In this study’s sample population, out of
109 ER (+) and node (+) samples, 67 samples showed either
high or low expression of all GATA3/NTN4/MLPH genes,
whereas 43 samples showed either high or low expression of one
or two GATA3/SLC7A8/MLPH genes. So the limitation of
this gene signature is that not all patient samples will exhibit
either low or high gene expression of all three genes and has to
be excluded from the prediction.
The GATA3 transcription factor has been studied intensively in the immune system but has most recently been
shown to be important in the context of breast cancer and the
ERα pathway. Recently, it was demonstrated that GATA3 is
required for estradiol stimulation of cell-cycle progression
of breast cancer cells.44 Meta-analysis of four breast cancer
microarray data sets revealed GATA3 as a promising novel
prognostic biomarker in breast cancer with HR of 0.12 and
P-value of 0.05.45 As reported in the present study, combined
three-gene signature showed better HR and improved RFS.
The netrins are a family of secreted proteins that are highly
conserved through evolution. Three netrins, netrin1 (NTN1),
netrin 3 (NTN3), and netrin 4 (NTN4), have been identified. Both the netrins and their receptors are widely expressed
and have been implicated in a wide range of development
processes including axon guidance, angiogenesis, and mammary gland development.46,47 In an earlier study, NTN4

Prognostic gene signature for ERα+ and node-positive breast tumors

expression was demonstrated to be an independent predictor
of improved outcome with a HR of 0.2544 and P-value of
0.015.48 Our study reports three-gene signature with better
HR and improved RFS in ERα (+) tumors.
In summary, we show that the high expression of
estrogen-responsive three-gene signature GATA3/NTN4/
MLPH is associated with good prognosis in ERα (+) patients
and GATA3/SLC7A8/MLPH is associated with good prognosis in ERα (+) and node (+) patients and are promising novel
prognostic biomarkers in breast cancer. Our gene sets may
have potential clinical utility since they demonstrated predictive ability in three independent public data sets. Although our
results are promising, it needs to be validated in large cohort
breast cancer patients. Such signatures will also be the starting
point for functional profiling of genes and proteins to understand the biological processes associated with disease formation and progression.
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