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Abstract

Basal-like breast cancer (BLBC) is resistant to endocrinotherapy and targeted therapy and new
molecular therapies are needed for BLBC. In this study, we evaluated the role of DUSPI and DUSP5,
negative regulators of mitogen-activated protein kinase pathway, in the aggressiveness of BLBC.
MDA-MB-231 cells were given paclitaxel (PTX) treatment and subsequently PTX resistant cell
clones were established. Microarray analysis, real-time quantitative reverse transcription PCR
(qRT-PCR), and online analysis of large cohorts of breast cancer patients were performed. The PTX
resistant cells showed stronger cell proliferation ability by exhibiting the upregulation of CENPF,
CDC6, MCM3, CLSPN and SMCIA expression. Furthermore, DUSP1 and DUSP5 expression was
significantly downregulated in PTX resistant cells. In addition, in large breast cancer patients’
database, both DUSP1 and DUSP5 correlated negatively with higher histological grade. DUSP1 low
expression was obvious in HER2 positive and basal like while DUSP5 low expression was peculiar
for basal like compared with other subtypes. Remarkably, low expression of DUSP5, but not
DUSPI, was significantly correlated with poor survival of BLBC patients. In conclusion, our data
suggest that loss of DUSP5 expression results in PTX resistance and tumor progression, providing
a rationale for a therapeutic agent that restores DUSP5 in BLBC.
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Introduction

Breast cancer has been considered as cytoplasmic ratio, invading margins, and frequent

heterogeneous disease with different expression of
hormone receptors (estrogen receptor, ER, and
progesterone receptor, PR) and human epidermal
growth factor receptor 2 (HER2)[1, 2]. The basal-like
breast cancer (BLBC) is composed of ER-PR-HER2-
(triple negative) tumors with high expression of basal
markers (such as keratins 5, 6, 14, 17, EGF receptor)
and proliferation markers[3]. BLBCs approximately
occupy 15-25% of breast cancers. Classically, BLBCs
are usually poorly differentiated tumors, with more
than 75% being high grade [4]. They display high
mitotic index, dramatic atypia, high nuclear/

necrosis [1]. The prognosis of BLBC is usually poorer
than that of luminal A (ER+, PR > 20% +, HER2-, Ki67
low expression), luminal B (ER+, PR < 20% + or Ki67
high expression, HER2-; or ER+, HER2+), and HER2
positive (ER-, PR-, HER2+) subtypes of breast cancer.
Treatment of BLBC has been challenging and the
lack of well-defined molecular targets in BLBC
renders these tumours insensitive to conventional
treatments targeting the hormone receptors or
HER2[5]. Given the poor prognosis of BLBC,
treatment with chemotherapy is often offered to most
patients. The frequent ER-negativity of BLBC as well
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as their high grade with high proliferative index
should theoretically confer them sensitivity to
chemotherapy, notably to drugs classically used in
breast cancer, such as paclitaxel (PTX). However,
despite this sensitivity to chemotherapy, BLBC are
associated with a relatively poor prognosis: this is the
“triple-negative paradox”[1]. Although these cancers
may initially respond to original treatment, they
become highly resistant to chemotherapy in the
metastatic and recurrent disease and thus traditional
chemotherapy is still associated with a high risk of
relapse and death in a large portion of patients[5-8].
All of these features of BLBC are of particular interest
in medicine and it implies that more personalised
interventions and the development of tailored
treatments for BLBC is urgently needed|[9].

Dual-specificity phosphatases (DUSPs) belong to
a protein family responsible for dephosphorylating
threonine/serine and tyrosine residues on their
substrates. DUSPs selectively dephosphorylate the
components of the nuclear mitogen-activated protein
kinase (MAPK) pathway, and they can either act as
classical negative feedback regulators of MAPK
pathway or mediate cross talk between different
MAPK pathways and between MAPK pathway and
other intracellular signal molecules [10-12]. It has been
reported that there are currently 25 genes in the
DUSPs family designated as DUSPs, namely
DUSP1-28, with DUSP17, -20, and -23 redundantly
assigned as DUSP19, -18, and -25, respectively[13].

It is now clear that individual DUSPs can exhibit
either tumour suppressor function or can act as
oncogenes and this might be determined by the
expression levels of extracellular signal-regulated
kinase (ERK) that are either permissive for or provoke
cell proliferation or inversely cause cell cycle arrest or
cell death[11]. It has been reported that DUSP1
inhibits carcinogenesis in hepatocellular carcinoma
and head and neck squamous cell carcinoma as an
ERK inhibitor[14]. Recent work reveals a dynamic
pattern of DUSP1 expression within the tumor
microenvironment and loss of DUSP1 expression is a
characteristic of tumor-derived stem cells[15].
Decreased total DUSP1 protein levels may be
considered as a poor prognostic factor in breast
cancer[16]. Researchers have found that DUSP1
knockdown in sensitive non-small cell lung cancer
cells conferred chemotherapy resistance, but DUSP1
gene silencing in wvivo significantly heightened
response to paclitaxel and increased apoptosis in
ovarian cancer[17, 18]. Moreover, there are also
reports that DUSP1 could promote carcinogenesis.
The increased expression of DUSP1 was found in
prostate, colon, bladder, and pancreatic cancer[14]. In
such condition, c-Jun N-terminal protein kinases

(JNK) activation would be inhibited following DUSP1
expression increase, which subsequently protects
cancer cells from JNK-induced apoptosis.

DUSP5, as one of four related mammalian
derivable nuclear DUSPs, has been found to act as a
negative feedback factor of Ras/ERK signaling which
could determine Ras pathway activity and functions
in Ras/ERK-related cancers[11, 19]. Furthermore, the
increased expression of DUSP5 in response to growth
factor stimulation is ERK dependent and it can inhibit
ERK activity by binding inactive ERK in the nucleus.
Therefore DUSP5 might act as a tumour suppressor
[19]. Loss of DUSP5 expression has been detected in
advanced gastric and prostate cancers, and is
associated with poor survival. Furthermore, the
exogenous expression of DUSP5 in gastric cancer cells
inhibited cell proliferation and colony forming ability
in vitro[20, 21]. Microarray analysis of gene expression
profiling has also demonstrated the reduced express-
ion of DUSP5 in malignant transformation of breast
cancer[22]. DUSP5 was specifically upregulated in
luminal A MCF-7 cells treated with phorbol 12-myri-
state 13-acetate, the activator of MAPK phosphory-
lation, and this upregulation was correlated with the
shutdown of ERK pathway[22]. However, the role of
DUSP5 in basal-like breast cancer isn’t reported so far.

In this study, we found DUSP1 and DUSP5
downregulation in PTX resistant cells of MDA-MB-
231 using microarray analysis and quantitative real-
time polymerase chain reaction (qQRT-PCR), which
might be responsible for malignant progression and
chemotherapy resistance in BLBC. Specifically,
DUSP5 downregulation, rather than DUSP1 down-
regulation, was peculiar characteristic of BLBC and
showed close relationship with poor survival of BLBC
patients.

Results

Paclitaxel (PTX) treatment in MDA-MB-231
cells and generation of resistant cell clones

BLBC cell line MDA-MB-231 was given
paclitaxel (10 nM) treatment for 5 days. Then most
cells died in 2 weeks (Figure 1A, B). A small number
of residual cells survived and established
proliferation clones in 3-4 weeks (Figure 1C), and such
cells were considered to be PTX resistant cells.

DEG detection, validation, and functional
analysis of PTX resistant cell clones by
microarray

Analysis of GeneChip® Human Transcriptome
Array (HTA) data was performed using strict
statistical methods to detect the differentially
expressed genes (DEGs) in PTX resistant MDA-MB-
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231 cells. The analysis identified 695 DEGs, of which
309 (44.5%) genes were upregulated and 386 (55.5%)
genes were downregulated.

Gene ontology (GO) enrichment analysis of
DEGs was carried out to detect the PTX resistance-
related biological process, molecular function, and
cellular component. Table S1 showed the top ten GO
functions of DEGs regulated in biological process
category in PTX resistant MDA-MB-231 cells (listed in
the order of significance from highest to lowest):
mitotic cell cycle, apoptosis, cell adhesion, DNA
replication, cellular nitrogen compound metabolic
process, response to drug, angiogenesis, cell cycle
checkpoint, nuclear mRNA splicing, via spliceosome,
RNA splicing. Intriguingly, PTX resistant MDA-MB-
231 cell clones exhibited stronger cell proliferation
ability. The proliferation markers of malignant cell
growth such as CENPF, CDC6, MCM3, CLSPN and
SMCI1A were identified as significantly upregulated
genes in our microarray analysis and further
validated by qRT-PCR (Figure 2A). Many of the PTX
resistance-related genes were functionally connected
into interplay networks, as analyzed by the Search
Tool for the Retrieval of Interacting Genes/Proteins
(STRING) (Figure 2B). One large group of PTX
resistance-related genes was related to mitotic cell
cycle and apoptosis. The other group included many
genes involved in cell adhesion (Figure 2B). Taken
together, these results suggest that the biological
processes related to PTX resistance might be involved
in cell proliferation, apoptosis and adhesion.

DUSPI and DUSP5 were downregulated in
PTX resistant BLBC cell clones

Among the identified DEGs, the top ten genes
(DusP1, DUSP5, UGCG, CTGF, SAT1 and GPR110
were downregulated; CCL2, HNRNPM, CDH11 and
HIST1IH1T were upregulated) were selected accord-
ing to the absolute value of fold change for further
qRT-PCR validation (Figure 3A, B). The two members
of DUSPs family, DUSP1 and DUSP5 attract our
attention because of the deregulated DUSPs
expression in cancers and that DUSPs are a desirable
target for therapeutic use due to their small size and

A untreated B

their simple domain structure[13].

DUSP1 and DUSP5 expression levels were
significantly ~downregulated in PTX resistant
MDA-MB-231 cell clones compared with control cells
(fold change: 0.17; P < 0.001 and fold change: 0.23; P <
0.001, respectively) (Figure 3A). The other BLBC cell
line Hs578T cells also exhibited significant
downregulation for DUSP1 (fold change: 0.42; P <
0.001) and DUSP5 (fold change: 0.39; P < 0.001) in
survival cell clones after PTX treatment by using
qRT-PCR (Figure 3C). These findings suggest the
importance of declining expression of DUSP1 and
DUSPS5 in PTX resistance of BLBC.

Validation of the downregulated DUSP5
expression in BLBC patients using
ONCOMINE and GOBO databases

To assess the expression of DUSP1 and DUSP5 in
large samples, we analyzed breast cancer data from
ONCOMINE database that can categorize the samples
to PAMS50 subtypes. The expression of DUSP1 was
lower in luminal B (n =492; P < 0.001), HER2 (n = 240;
P < 0.001), and basal (n = 331; P < 0.001) subtypes
when compared with luminal A (n =721) (Figure 4A),
suggesting that the reduced expression of DUSP1
correlated significantly with the molecular subtypes.
Luminal A exhibited the highest DUSP1 expression,
while the decreasing expression order was observed
in luminal B, basal subtype, and HER2 subtype being
the lowest (Figure 4A).

Expression of DUSP1 was also assessed by using
data from GOBO for 1881 cases of breast cancers[23].
Using the PAMS50 subtypes, DUSP1 expression was
significantly lower in basal (n = 304), HER2 (n = 240)
and luminal B (n = 471) subtypes compared with
luminal A (n = 465) (P < 0.001), consistent with
ONCOMINE data. However basal subtype showed
the lowest expression level of DUSP1 in this cohort
(Figure 4C). DUSP1 expression was also correlated
negatively with higher histological grade being the
lowest in grade 3 cases (n = 239 for grade 1, n = 677 for
grade 2, and n = 495 for grade 3, P < 0.001) (Figure
4C).

resistant cell clone
" >

Figure 1. The generation of PTX resistant cell clones. (A) MDA-MB-231 cells in normal culture. (B) Most cells died in 2 weeks after 5 d of PTX exposure. (C) PTX

resistant cell clone was established.
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Figure 2. PTX resistance-related genes were functionally connected. (A)
CENPF, CDC6, MCM3, CLSPN and SMCI1A expression was upregulated in PTX
resistant MDA-MB-231 cells by qRT-PCR. (B) The functional association
networks of PTX resistance-related genes were analyzed using the STRING
database, with subgroups marked by their functions.

Interestingly, the pattern of DUSP5 expression in
PAMS50 subtypes was different from DUSP1 in
ONCOMINE and GOBO data sets. In the cohort of
ONCOMINE data, the expression of DUSP5 was
slightly higher in luminal B (P = 0.002) and in HER2 (P
= (0.044) when compared with luminal A (Figure 5A,
B). However, a noticeable decrease of DUSP5
expression was shown in basal subtype compared
with the other three subtypes (Figure 5A, B, P < 0.001).

The identical expression pattern of DUSP5 was
also found in GOBO data set using the PAMS50
subtypes. DUSP5 expression was significantly
reduced in ER-negative (n = 395) tumors compared
with ER-positive (n = 1225, P < 0.001) (Figure 5C).
Compared with luminal A, luminal B and HER2
subtypes, basal subtype showed an obvious decrease
in DUSP5 expression (Figure 5D, P < 0.001). These
results suggested that the downregulated DUSP5
expression might be peculiar for BLBC patients.

Meantime, DUSP5 expression was also correlated
negatively with higher histological grade being the
lowest in grade 3 cases (Figure 5E, P < 0.001).

Reduced expression of DUSP5 correlates with
poor prognosis in BLBC patients

In order to analyze the relationship of DUSP1
and DUSP5 expression with survival, Kaplan-Meier
(KM) Plotter (www.kmplot.com)[24], which contain-
ed gene expression data and survival information of
5143 clinical breast cancer patients downloaded from
GEO, EGA and TCGA, was used. To analyze the
prognostic value of DUSP1 and DUSP5, patient
samples were split into two groups according to lower
quartile expression (high vs. low expression) and
assessed by a KM survival plot, with the hazard ratio
(HR) with 95% confidence intervals (CI) and logrank
P value.

The KM survival analysis showed that although
DUSP1 expression wasn’t significantly associated
with overall survival (OS) of patients with breast
cancer (Figure S1A) (n = 1402, HR = 0.85 (0.66 - 1.08),
logrank P = 0.19), it was significantly associated with
relapse free survival (RFS) (Figure S1B) (n = 3951, HR
= 0.85 (0.75 - 0.96), logrank P = 0.0075). Interstingly,
DUSP5 expression was not only associated with OS of
patients with breast cancer (Figure S1C) (n = 1402, HR
=0.76 (0.6 - 0.96), logrank P = 0.021), but also signific-
antly associated with RFS (Figure S1D) (n = 3951, HR
= 0.67 (0.59 - 0.75), logrank P < 0.001). The breast
cancer patients with lower mRNA levels of DUSP1 or
DUSP5 were predicted to have poor RFS while the
lower mRNA levels of DUSP5 alone was poor
prognostic marker for OS in breast cancer patients.

Next we evaluated the prognostic value of
DUSP1 and DUSP5 expression in basal subtype in this
cohort of KM database (Figure 6A-D). DUSP1
expression was neither associated with OS (n = 241,
HR =1.29 (0.67 - 2.48), logrank P = 0.44) (Figure 6A)
nor with RFS (n = 618, HR = 1.19 (0.91 - 1.55), logrank
P = 0.21) (Figure 6B). Remarkably, DUSP5 expression
was significantly associated with RFS (n = 618, HR =
0.58 (0.44 - 0.76), logrank P < 0.001) (Figure 6D). The
median RFS of BLBC patients with low DUSP5
expression (14.13 months) was shorter than that of
patients with high DUSP5 expression (26 months).
Moreover, the median OS of BLBC patients with low
DUSP5 expression (34.49 months) was much shorter
than that of patients with high DUSP5 expression
(80.64 months), and this difference almost reached
statistically significant effect (n = 241, HR = 0.59 (0.35 -
1.01), logrank P = 0.053) (Figure 6C). These results
suggested that the lower mRNA levels of DUSPS,
rather than DUSP1, might be poor prognostic marker
for BLBC patients and play roles in PTX resistance.
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Figure 3. DUSPI and DUSP5 were downregulated in PTX resistant BLBC cell clones. (A-B) The expression of the top ten genes in microarray data was validated by
qRT-PCR, and DUSPI and DUSP5 expression was downregulated in PTX resistant MDA-MB-231 cells compared with control cells. (C) Similarly, DUSP1 and DUSP5
expression was downregulated in PTX resistant Hs578T cells compared with control cells.
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Figure 4. DUSPI expression in BLBC patients. (A-B) The expression of DUSP1 was lower in luminal B, HER2 and basal subtypes when compared with luminal A, and
HER2 subtype being the lowest by analyzing ONCOMINE data. (C) The expression of DUSP1 was lower in luminal B, HER2 and basal subtypes when compared with
luminal A, and basal subtype being the lowest by analyzing GOBO data. (D) DUSP1 expression correlated negatively with higher grade.

Discussion

BLBC patients usually present with aggressive
clinical features, such as metastasis to the lung and
brain, high histologic grade and have a poor
prognosis and thus need chemotherapy[25].
However, after the chemotherapy, residual cancer
cells mostly survive and provoke tumor growth,
which contributes to cancer recurrence and mortality.

During the last decades, molecular targeted therapies
has been vigorously advocated by precision medicine
model [26]. Therefore identifying markers involved in
the progression of BLBC would allow the
development of targeted therapies.

A growing body of evidence suggests that
DUSPs may provide prognostic and predictive utility
in several cancers including breast cancer[14, 16]. This
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study demonstrated, for the first time, the mRNA
expression and prognostic value of DUSP1 and
DUSP5 in basal like breast cancer. Herein, we
demonstrated that DUSP1 and DUSP5 expression was
significantly downregulated in PTX-resistant BLBC
cell lines, suggesting their association with resistance
to chemotherapy. Moreover, microarray data, GO
analysis and STRING analysis provided evidence that
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the PTX-resistant BLBC cells was associated with a
highly aggressive phenotype, and proliferative
markers of malignant cell growth such as CENPF,
CDC6, MCM3, CLSPN and SMC1A showed elevated
expression in PTX-resistant BLBC cells, suggesting the
role of PTX-resistant cells with DUSP1 and DUSP5
downregualtion in BLBC progression.
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Figure 5. The downregulated DUSP5 expression in BLBC patients. (A-B) Basal subtype showed the lowest expression level of DUSP5 compared with luminal A,
luminal B and HER2 subtypes by analyzing ONCOMINE data. (C-D) DUSP5 expression was significantly lower in ER-negative tumors compared with ER-positive (C),
and basal subtype showed an obvious decrease in DUSP5 expression compared with luminal A, luminal B and Her2 subtypes (D) by analyzing GOBO data. (E) DUSP5

expression correlated negatively with higher grade.
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To confirm the data of the cell line studies, we
performed analysis in breast cancer patients by using
publically available gene expression database.
Analyses had been performed using ONCOMINE
cohorts, GOBO Affymetrix-based data sets and KM
database. These analyses demonstrated the
association of low DUSP1 and DUSP5 expression with
high histological grade. Although low DUSP1
expression wasn’t significantly associated with OS of
patients with breast cancer, it was significantly
associated with RFS. Low DUSP5 expression was not
only associated with OS of patients with breast cancer
but also significantly associated with RFS. Therefore
these findings together suggested that DUSP1 and
DUSP5 functioned as tumor suppressors and might
inhibit the progression of breast cancer.

In addition, we found that DUSP1 expression
pattern in four subtypes of breast cancer was
discrepant in these large publically databases, with it
being lowest in HER2 subtype in ONCOMINE
database and in basal subtype in GOBO database.
These results were consistent with the study of He J et
al.[27], which showed that DUSP1 expression was

significantly lower in ER-negative breast cancer cell
lines (basal like and HER?2) than in ER-positive breast
cancer cell lines (luminal A and luminal B) by the
integrated analysis of GEO database. Taken together,
these consistent results suggest that DUSP1
expression may be associated with ER status and
could be considered as a potential target gene for the
treatment of ER-negative breast cancer.

Importantly, we demonstrated that lower
expression of DUSP5 was seen in basal like than in
non-basal like breast cancer, with consistent
ONCOMINE and GOBO data analysis. DUSP5
expression was lowest in basal like cancers,
underlining DUSP5 expression levels were correlated
with the basal like subtype of breast cancer and the
possible role of DUSP5 in aggressive process of BLBC.
Remarkably, further analysis demonstrated the
significant correlation of low DUSP5 levels with
shorter OS and RFS in BLBC. However, the data
revealed that there were no significant differences in
OS and RFS between high and low DUSP1 expression.
Therefore, it is DUSP5, not DUSP1, may have
potential to be a useful biomarker for BLBC and
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additional efforts to explore its clinical significance in
BLBC patients are needed in future.

Rushworth LK et al. have demonstrated that
DUSPS5 is a nonredundant regulator of both nuclear
ERK activation and localization, and DUSP5 functions
as a tumor suppressor and may play a part in
restraining tumor aggressiveness in different
cancers[19]. Yan X et al. has found DUSP5 expression
is positively correlated with E-cadherin expression,
but negatively correlated with N-cadherin and
vimentin expression, suggesting it may be involved in
regulation of epithelial-to-mesenchymal transition
program and tumor progression in advanced
colorectal cancer[28]. They also found that high risk
stage patients receiving chemotherapy with high
DUSP5 expression appeared to have a significantly
better survival than those with low DUSP5
expression[28]. The study from Boeckx C et al.[29] also
showed chemotherapy resistant cancer cells exhibited
low expression of DUSP5 and concomitant ERK
signaling activation in head and neck squamous cell
carcinoma, suggesting DUSP5 expression as an ERK
inhibitor might be a new strategy for overcoming
chemotherapy resistance. In our study, the dramatic
reduction of DUSP5 expression appeared in
PTX-resistant basal like breast cancer cells and basal
subtype of breast cancer, suggesting that DUSP5 may
participate in various cancer-related biological
processes, and loss of DUSP5 expression contributed
to drug resistance and tumor progression of BLBC.

In summary, we demonstrate that DUSP5
expression is characteristically downregulated in
basal like subtype compared with other subtypes of
breast cancer, and may be associated with malignant
development of BLBC. We identify DUSP5 expression
can serve as a useful prognostic biomarker for BLBC
patients. Moreover, we suggest DUSP5 expression is
correlated with PTX resistance in basal like cancer
cells, which may partly explain its prognostic effect on
BLBC patients since most BLBC patients should be
given chemotherapy. Overall, these findings
collectively demonstrate that DUSP5 has great
potential to be translated into clinical practice and
induced DUSP5 upregulation could be a promising
strategy to overcome PTX acquired resistance in
BLBC.

Materials and Methods

Cell culture and Paclitaxel treatment

The human breast cancer cell lines MDA-MB-231
were obtained from the American Type Culture
Collection. Hs578T cells were provided by the Cell
Bank of Type Culture Collection of the Chinese
Academy of Sciences, Shanghai, China. These cells

were cultured in Dulbecco’s Modified Eagle's
Medium supplemented with 10% fetal bovine serum
(Hyclone) in a humidified 5% CO2 incubator at 37°C.

Paclitaxel (Selleckchem) treatment for cancer
cells was performed as previously described[30].
Briefly, 1x10° cells were plated and cultured in
100-mm dishes for 24 h and then treated with 10 nM
paclitaxel for 5 days. Cells were then washed with
PBS and maintained in drug-free culture with media
replacement every 48 h until resistant cell clones
established.

RNA extraction and microarray analysis

Total RNA was extracted using Trizol reagent
(Tiangen Biotech, Beijing, China), and sent to
Oebiotech (Shanghai, China) for Affymetrix Gene-
Chip® Human Transcriptome Array 2.0 analysis. The
microarray data have been deposited in NCBI's Gene
Expression Omnibus (GEO) (Liu et al., 2016) and are
accessible through GEO Series accession number
GSE90145  (http:/ /www.ncbi.nlm.nih.gov/geo/quer
y/acc.cgi?acc=GSE90145).

QRT-PCR

QRT-PCR was performed as previously
described[30, 31]. Briefly, 2 pg of total RNA was
reverse-transcribed into c¢cDNA wusing a Reverse
Transcription Kit (Takara, RRO037A). QRT-PCR
analyses were performed with Power SYBR Green
(Takara, RR820A) in 7500HT Real-Time PCR System
(Applied Biosystems, Foster City, CA). GAPDH
internal control was used as an endogenous control,
and fold changes were presented by using the 2-AACt
method using the equation (AACT = (Ct gene of
interest - Ct GAPDH) treated sample - (Ct gene of
interest - Ct GAPDH) control sample). All qRT-PCR
reactions were performed in triplicates. The fold
change > 2 or < 0.5 was considered as significant.

ONCOMINE analysis

ONCOMINE gene expression array datasets
(www. oncomine.org), an online cancer microarray
database[32], was used to analyze the expression
levels of DUSP1 and DUSP5 in breast cancers. Breast
cancer patients were classified into four different
subtypes (luminal A, luminal B, HER2-enriched, or
basal) based on the PAM50 signature. The expression
level of DUSP1 and DUSP5 in luminal B, HER2-
enriched, and basal was acquired and compared with
luminal A breast cancers by using Students’t-test.

GOBO analysis

DUSP1 and DUSP5 expression levels for 1881
breast cancer patients were analyzed based on
molecular subtypes and other -clinicopathological
parameters (stage, grade, nodal status) by using the
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data sets from the gene expression-based outcome for
breast cancer online algorithm (GOBO). Clinical
characteristics of individual data sets were described
previously[23].

The kaplan-meier plotter

The prognostic value for survival was evaluated
using an online database, Kaplan-Meier Plotter
(www.kmplot.com)[24]. Only the JetSet best probe set
of DUSP1 and DUSP5 were chosen to obtain
Kaplan-Meier plots.

Statistical analysis

Data analysis was performed with the SPS516.0
software package (IBM). All P values were two-sided,
and statistical significance was measured at the 0.05
level.
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