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A 39-gene signature is associated with early occurrence of distant metastasis
in primary lymph-node negative breast cancers
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Risk factors of the development of distant metastasis in primary node-negative breast cancer patients are heterogeneous.
Identification of patients at high risk of early distant metastasis is of important clinical significance. In the current study, us-
ing the already published datasets, we develop a gene signature that can robustly predict early distant metastasis for patients
with primary node-negative breast cancer. We identified a 39-gene signature, which were associated with distant metastasis
and shorter distant metastasis free survival (DMFS) in node-negative breast cancers. Using the survival prediction analysis
method in BRB-Array tools, this signature can stratify patients into early- and late- distant metastasis subgroups with differ-
ent DMFS in VDX training dataset (AUC=0.734, P < 0.01). And we further validated the reliability of the prognostic value of
this 39-gene signature in another two independent breast cancer cohorts (NKI dataset, AUC=0.642, P<0.0167; TRANSBIG
dataset, AUC=0.711, P<0.0167). Furthermore, the early distant metastasis subgroups defined by the 39-gene signature exhib-
ited a significant association with ER negative status and more aggressive molecular subtypes in all three datasets, and with
poor differentiation status in two datasets. In summary, we developed a novel distant metastasis-related gene signature for
predicting early occurrence of distant metastasis in node-negative breast cancers, what might be useful in making treatment
decisions for these early metastasis patients.
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Despite considerable progress in regional and systemic
treatments, up to 30% of lymph-node negative breast cancer
patients are at a high risk of relapse and distant metastasis
[1]. Currently, metastasis at distant sites is still a key cause of
mortality from breast cancer. Gene-expression profiles have
been widely used to establish molecular signatures to improve
prognostic accuracy, treatment choice, and disease outcomes
prediction in multiple cancers including breast cancer [2 3]. In
recent decades, a panel of gene signatures has been described
for predicting distant metastatic risk or survival in primary
breast cancer [4 5].

Primary node-negative breast cancer is highly heteroge-
neous in prognosis, even among the patients with distant
metastasis, the duration of developing first distant metastasis
after diagnosis of primary tumors may also vary greatly, which
may span 20 years [6]. Therefore, it is of importance to more

accurately predict the risk of early occurrence of distant me-
tastasis for node-negative breast cancers.

In this study, using the previously published gene ex-
pression microarray datasets, we developed a novel gene
signature which can be used to identify node-negative breast
cancer patients at high risk of early occurrence of distant
metastasis.

Patients and methods

Datasets. Four previously published microarray datasets
were used in our study. GSE46141 dataset was used to identify
distant metastasis-specific genes, it is derived from fine-needle
aspiration biopsies of breast cancer metastases from different
anatomical sites including 23 distant metastases (18 liver, 4
bone, 1 ascite) and 67 local metastases (breast, regional lymph
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Figure 1. Significance Analysis of Microarrays (SAM) analysis of dif-
ferently expressed genes between local metastatic and distant meta-
static breast cancers in GSE46141 dataset. 297 genes were found to be
differentially expressed in metastatic breast cancers compared with
metastatic breast cancers including 212 up-regulated and 85 down-
regulated genes.

node or skin) [7]. The expression, annotation and clinical
data of GSE46141 were downloaded from Gene Expression
Omnibus (GEQO) database.

Training dataset VDX was used to develop the predictive
gene signature for early distant metastasis, derived from two
different consecutive series [8 9]. Datasets NKI and TRANS-
BIG were used to validate the predictive value of developed
gene signature. Dataset NKI contains the gene expression data
by van't Veer etal. [10] and van de Vijver etal. [11]. TRANSBIG
dataset contains the gene expression data as published from
TRANSBIG in 2006 [12]. The expression, annotation and
clinical data of training and validation datasets were extracted
from VDX, NKI and TRANSBIG R/Bioconductor package.
In this study, only node-positive breast cancer patients with
positive distant metastasis were included (VDX, n=118; NKI,
n=62; TRANSBIG, n=62).

Comparison of differently expressed genes between
distant and local metastatic breast cancers in GSE46141 da-
taset. Significance Analysis of Microarrays (SAM) was used
to compare the expression profiles of 23 distant and 67 local
metastatic tumors in GSE46141 dataset by BRB-ArrayTools
as described previously [13]. One thousand permutations
were used to estimate the FDR and to select differentially
expressed genes. Target proportion of false discoveries was
set at 0.05.

Genes correlated with distant metastasis free survival
(DMES) in training VDX dataset. The differently expressed
metastasis-related genes identified by SAM analysis were
further used in univariate Cox proportional hazards model
to test which of these genes significantly influenced patients’
DMES in VDX dataset. This procedure was also performed
by BRB-ArrayTools. The parameter of Significance threshold
of univariate tests was set at 0.001, and number of permuta-
tions at 1000.

Development and validation of gene signature for early
distant metastasis risk prediction. Survival risk prediction
of the gene expression data by the metastatic gene signature
was performed based on principal components with BRB-
ArrayTools software. Survival risk prediction was based on
10-fold cross-validation. The patients were dichotomized into
groups at high- or low- risk at early distant metastasis using
the 50th percentile of the prognostic indexes (above and below
the median expression across all samples in each training and
validation datasets).

Gene ontology analysis of gene signature. The gene list
of early distant metastasis predictive gene signature was put
into Protein Analysis THrough Evolutionary Relationships
(PANTHER), a software system for inferring the functions
of genes based on their evolutionary relationships [14]. The
enrichment of these genes in GO molecular function, biologi-
cal process and PATHER class was analyzed.

Statistics. Distributions of DMFS were assessed using
the Kaplan-Meier curve method and log-rank statistics.
Correlation between predictive risk subgroups with clinical
characteristics was analyzed using the X? test. Time-dependent
receiver operating characteristic (ROC) curves of DMFS were
measured by R package survivalROC implemented in BRB-
Arraytools [15]. All the other statistic analyses were performed
by Medcalc Software. P < 0.05 was considered statistically
significant.

Results

Using the Significance Analysis of Microarray (SAM)
method, 297 genes were found to be differentially expressed
between distant and local metastatic breast cancers from
GSE46141 dataset (figure 1). A large proportion of these
genes are known to regulate metastasis in cancer, with 212 up-
regulated in distant metastatic samples and 85 down-regulated
(data not shown).

Using the BRB-ArrayTools, we found 39 from 297 genes
were significantly associated with patients’ DMFS in VDX
dataset including 17 positively associated and 22 negatively
associated (permutated P < 0.001) (table 1).

Using the survival prediction analysis model in the BRB-
arrayTools, the prognostic indexes were calculated based on
this 39-gene signature. Patients in VDX training dataset were
partitioned into early- and late distant metastasis subgroups.

As seen in figure 2, early metastasis group had a signifi-
cantly shorter DMFS than late metastasis group (P<0.0001).
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The predictive accuracy of the 39-gene signature for early-
distant metastasis is 0.734 (P < 0.01) as measured by the AUC.
Furthermore, we also found that early-distant metastasis was
significantly associated with ER negative status, that is 64.3%
of predicted early-distant metastasis cases were ER negative,
whereas only two of late metastasis cases were ER negative
(P<0.0001) (table 2).

The reliability of the 39-gene signature in predicting
the risk of early distant metastasis was further validated
in other two independent for lymph node negative breast

cancer datasets (NKI and TRABSBIG). As seen in figure 2,
in both validation datasets, the patients predicted as early
metastasis subgroup exhibited shorter DMFS than the late
counterparts, and demonstrated a moderate discriminatory
power (NKI dataset, AUC=0.642, P<0.01; TRANSBIG da-
taset, AUC=0.711, P<0.01). Same as training VDX dataset,
high-risk of early metastasis was positively correlated with
ER negative status in both of the validation datasets. Fur-
thermore, we found that high risk of early distant metastasis
was also positively associated with poor differentiation status

Table 1. Identification of a 39-gene signature associated with early occurrence of distant metastasis in lymph-node negative breast cancers from VDX

dataset

Parametric p-value FDR Permutation p-value Hazard Ratio SD of log intensities Gene
1 < le-07 < le-07 < le-07 1.439 1.65 WWTRI1
2 0.0000392 0.00136 < le-07 1.991 0.57 PRDX4
3 0.000027 0.00102 < le-07 1.944 0.692 KIF2C
4 0.0000783 0.00191 < le-07 1.87 0.635 PTDSS1
5 0.000679 0.00801 < le-07 1.75 0.603 ATP1B3
6 0.0007607 0.00853 0.002 1.714 0.682 KIF20A
7 0.0005502 0.00737 < le-07 1.696 0.754 HJURP
8 0.0002651 0.00472 0.001 1.57 0.904 CCNA2
9 0.0005867 0.00761 0.001 1.556 0.836 DLGAP5
10 0.0000514 0.00164 < le-07 1.468 1.167 CDCA3
11 < le-07 0.0000208 < le-07 1.458 1.595 CDCAS8
12 0.0002937 0.00488 < le-07 1.429 0.916 HMGB3
13 0.0000157 0.000814 < le-07 1.39 1.367 LTBP1
14 0.0000218 0.000905 < le-07 1.37 1.465 KIFC1
15 0.000693 0.00801 < le-07 1.257 1.469 CRYAB
16 0.0000118 0.000814 < le-07 1.217 2.427 CDH3
17 0.0005015 0.00694 < le-07 1.164 2.162 NFIB
18 0.000695 0.00801 0.001 0.844 1.937 DNAJC12
19 0.0000013 0.00018 < le-07 0.813 2.37 ESR1
20 0.0000654 0.0017 < le-07 0.813 1.949 SLC44A4
21 0.0002106 0.00416 < le-07 0.79 1.373 ARNT2
22 0.0004165 0.00617 0.001 0.785 1.484 GPRC5C
23 0.0000139 0.000814 < le-07 0.782 1.782 ABAT
24 0.0000612 0.00169 < le-07 0.782 1.824 MAPT
25 0.0002277 0.0043 0.001 0.776 1.376 CYP21A2
26 0.0003673 0.00565 0.001 0.715 1.06 MST1
27 0.0001712 0.0039 < le-07 0.694 1.081 QDPR
28 0.0007929 0.00866 0.001 0.69 1.002 FBP1
29 0.0009766 0.0104 < le-07 0.682 0.827 ABCG1
30 0.0000153 0.000814 < le-07 0.674 1.133 BCL2
31 0.0001786 0.0039 < le-07 0.665 0.86 SORL1
32 0.0006765 0.00801 0.001 0.66 0.788 FLT3
33 0.0000565 0.00167 < le-07 0.644 0.912 IQGAP2
34 0.0000184 0.000848 < le-07 0.615 0.813 PBLD
35 0.0004377 0.00626 0.002 0.609 0.739 SLC29A3
36 0.0002727 0.00472 < le-07 0.582 0.723 P4HTM
37 0.0003323 0.0053 < le-07 0.569 0.586 ROGDI
38 0.0001993 0.00414 < le-07 0.483 0.574 NBR1
39 0.0000038 0.000394 < le-07 0.441 0.613 MYO15B
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Figure 2. Distant metastasis-free survival (DMFS) prediction and ROC curves using a 39-gene signature in training (VDX) and validation (NKI and
TRANSBIG) datasets. In all of the datasets, patients at high risk of early distant metastasis demonstrated a significantly shorter DMFS than those at

low risk, and ROC curves demonstrated a moderate discriminatory power

(P=0.0263 in NKI dataset; P<0.0001 in TRANSBIG dataset)
(table 2). Interestingly, we found that this 39 gene signature
was significantly correlated with more aggressive molecular
subtypes (basal-like and HER2 breast cancers) in all the three
datasets (P<0.001) (table 2).

Finally, we performed a Gene ontology analysis on the 39
genes comprising of gene signature. As shown in figure 3,
our results indicated that this signature showed enrichment
in many molecular function, biological process and PATHER
protein class related to tumor progression and metastasis.

Discussion

For clinical heterogeneity, predicting the metastasis of
breast cancer patients using gene expression signature has been
widely investigated. Currently, three series of gene signatures
have been developed to estimate the risk of distant metastasis
in breast cancers. Tutt et al. [16] developed an RT-PCR based
14-gene signature significantly associated with risk of distant
metastasis in node-negative, estrogen receptor-positive breast
cancer. Recently, Drukker et al. [17] demonstrated a significant
difference in DMFS between high- and low- risk subgroups
classified by the MammaPrint 70-gene signature in both node-
negative and -positive breast cancer patients. Mittempergher
etal. [6] identified a 241-gene signature for late metastasis in
breast cancer.

of this gene signature.

In this study, we first identified a panel of metastasis-related
genes that were associated with DMFS in the training test.
Based on these genes, we have identified a 39-gene expression
signature which can classify node-negative, metastasis-positive
breast cancer patients into high- and low- risk groups with dif-
ferent DMFS. The predictive value of the 39-gene signature risk
evaluation system was further validated in two independent
cohorts of datasets. Our 39-gene signature is a novel DMFS-
related gene classifier; there is no gene overlap with the 14-gene
panel, 70-gene panel, only one gene ESR1 overlap with the 241-
gene panel. However, this 39-gene signature correlated closely
with aggressive molecular subtypes. In particular, nearly all the
basal-like breast cancers were predicted as high-risk of early
distant metastasis by this signature.

Additionally, different from the previous studies, all patients
in our analysis were distant metastasis-positive; cases with
censored DFMS data were excluded. Therefore, we empha-
sized more its utility in predicting subgroup at high risk of
early occurrence from the other patients which would develop
distant metastasis relative lately. That also means these patients
at high-risk of early metastasis might need more intensive
treatments.

For their relationship with rapid onset of distant me-
tastasis, it is reasonable to speculate that the 39-gene
signature might be of functional significance in the metas-
tasis development of breast cancer. Ontology and protein
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Table 2. Association between high- and low- risk of early distant metastasis

determined by a 39-gene signature and clinical parameters

Low risk High risk P value
Dataset VDX
Number of cases 62 56
Age (years) 54.8033+12.8813 50.1304+10.2775 0.0457
Differentiation
Well 0 0
Moderate 7 3 0.4899
Poor 32 29
Unknown 23 24
ER status
Negative 2 36 <0.0001
Positive 60 20
Molecular subtype
Luminal A 16 0
Luminal B 27 7
HER2 6 14 P <0.0001
Basal-like 1 20
Normal breast-like 7 3
Dataset NKI
29 33
Age (years) 42.2069+5.8394  42.3636+7.2233 0.9261
Tumor size
<2cm 11 12 0.6958
>2cm 22 17
Differentiation
Well 4 0
Moderate 9 8 0.0263
Poor 16 25
ER status
Negative 0 21 <0.0001
Positive 29 12
Molecular subtype
Luminal A 8 1
Luminal B 14 1
HER2 2 8 <0.0001
Basal-like 1 14
Normal breast-like 2 3
Dataset TRANSBIG
Number of cases 32 30
Age (years) 47.6875+7.5752 45.7000+8.8167 0.3440
Tumor size
<2cm 14 14 0.9803
>2cm 18 16
Differentiation
Well 6 1
Moderate 21 7 <0.0001
Poor 5 22
ER status
Negative 4 23 <0.0001
Positive 28 7
Molecular subtype
Luminal A 5 0
Luminal B 12 3
HER2 3 8 <0.0001
Basal-like 1 18
Normal breast-like 9 1
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Figure 3. Gene ontology and protein class analysis of 39-gene signature by
PANTHER software. Many of these genes have been found to be involved
in metastasis-related processes.

class analyses revealed that many of these genes have been
found to be involved in metastasis-related processes such
as adhesion and apoptosis. And this gene signature also
covered 9 confirmed genes which play critical roles in the
migration, invasion of cancer cells including 6 positive
regulators (WWTR1, PRDX4, CCNA2, DLGAP5, CDCA3
and CDH3) and 3 negative regulators (MAPT, MST1, and
IQGAP2). In particular, CCNA2 gene has been confirmed
to be a significant predictive power for DMFS in breast
cancer [18]. Therefore, it is of importance to further explore
the biological and therapeutic significance of this 39-gene
signature during cancer metastasis.

In conclusion, in this study, we proposed a novel 39-
gene signature for early occurrence of distant metastasis
in node-positive and metastatic breast cancer patients, and
highlighted its potential clinical implication for treatment
decisions.
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