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Abstract: Breast cancer remains a complex disease resulting in high mortality in women. A subset of cancer stem 
cell (CSC)-like cells expressing aldehyde dehydrogenase 1 (ALDH1) and SOX2/OCT4 are implicated in aggressive 
biology of specific subtypes of breast cancer. Targeting these populations in breast tumors remain challenging. We 
examined xenografts from three poorly studied triple negative (TN) breast cancer cells (MDA-MB-468, HCC70 and 
HCC1806) as well as HMLEHRASV12 for stem cell (SC)-specific proteins, proliferation pathways and dual-specific phos-
phatases (DUSPs) by quantitative real-time PCR (qRT-PCR), immunoblot analysis and immunohistochemistry. We 
found that pERK1/2 remained suppressed in TN xenografts examined at various stages of growth, while the levels 
of pp38 MAPK and pAKT was upregulated. We found that DUSP was involved in the suppression of pERK1/2, which 
was MEK1/2 independent. Our in vitro assays, using HMLEHRASV12 xenografts as a positive control, confirmed in-
creased phosphatase activity that specifically influenced pERK1/2 but not pp38MAPK or pJNK levels. Family mem-
bers of DUSPs examined, showed increase in DUSP9 expression in TN xenografts. Increased DUSP9 expression in 
xenografts was consistently associated with upregulation of SC-specific proteins, ALDH1 and SOX2/OCT4. HRAS 
driven HMLEHRASV12 xenografts as well as mammospheres from TN breast cancer cells showed inverse relationship 
between pERK1/2 and increased expression of DUSP9 and CSC traits. In addition, treatment in vitro, with MEK1/2 
inhibitor, PD 98059, reduced pERK1/2 levels and increased DUSP9 and SC-specific proteins. Depletion of subsets 
of SOX2/OCT4 by fluorescence-activated cell sorting (FACS), as well as pharmacological and genetic reduction of 
DUSP9 levels influenced ALDH1 and SOX2/OCT4 expression and reduced mammosphere growth in vitro as well 
as tumor growth in vivo. Collectively our data support the possibility that DUSP9 contributed to stem cell-like cells 
that could influence TN breast tumor growth. Conclusion: Our study shows that subsets of TN breast cancers with 
MEK1/2 independent reduced pERK1/2 levels will respond less to MEK1/2 inhibitors, thereby questioning their 
therapeutic efficacy. Our study also demonstrates context-dependent DUSP9-mediated reduced pERK1/2 levels 
could influence stem cell-like traits in TN breast tumors. Therefore, targeting DUSP9 could be an attractive target for 
improved clinical outcome in a subset of basal-like breast cancers. 
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Introduction

Breast cancer, a complex disease, is the most 
commonly diagnosed cancer among American 
women [1-3]. One in eight women will be diag-
nosed with the disease in their lifetime [2]. High 
mortality rates from breast cancer, which kills 
44,000 women in US per year, is second only to 
lung cancer [2]. Molecular heterogeneity has 

been identified within breast cancer based on 
gene expression and genomic or proteomic pro-
filing [4]. Among the various subtypes, basal-
like breast cancers, which lack estrogen recep-
tor (ER), progesterone receptor (PR) and HER2/
neu protein, have an aggressive clinical behav-
ior and worst prognosis [5]. African American 
(AA) and younger women frequently develop 
basal-like breast cancer, 70-80% of which are 
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triple negative for ER, PR and HER2/neu [6]. 
These triple negative breast cancers (TNBC) 
are very heterogeneous, have a high content of 
mammary cancer stem cells (MCSCs) and are 
refractive to most treatments, thereby causing 
high mortality rates [7]. 

MCSCs are a small population of cancer cells 
with high potency for self-renewal, differentia-
tion, tumor initiation and progression [8-10]. 
Current thinking is that some CSCs arise from 
stem cells (SCs), which acquire mutations to 
become founder cells of origin of breast cancer 
[11]. Cancer cells can also acquire a stem cell-
like phenotype induced by epithelial to mesen-
chymal transition (EMT), chemotherapy or tar-
geted therapy [12]. Clearly, CSCs are 
heterogeneous and have a high degree of plas-
ticity that enables their organization in various 
hierarchical fashions to promote tumor devel-
opment [13]. Expression of cell surface mark-
ers CD44/CD24 and high aldehyde dehydroge-
nase (ALDH) activity have facilitated detection 
and isolation of subsets of CSCs from breast tu- 
mors [14]. In addition, some aggressive breast 
tumors express embryonic stem cell (ESC)-as- 
sociated transcriptional regulators SOX2/OC- 
T4, which are essential for maintaining pluri- 
potency [15]. Although a number of mutations 
and deregulated pathways have been identifi- 
ed in CSCs, druggable targets remain elusive. 
Despite limited success, there is a huge effort 
to target TN cancer cells including MCSCs to 
reduce tumor burden and bring about long- 
term stabilization of the disease.

Most existing therapies for TNBC target de- 
regulated PTEN/AKT and MAPK pathways for 
better clinical outcomes [16, 17]. Deregulated 
PTEN/AKT pathway promote aggressive tumor 
characteristics in many subtypes of breast  
cancer [18, 19]. However, therapies targeting 
either PTEN/AKT or Ras/Raf/MEK/ERK1/2 pa- 
thway individually or in combination have failed 
to reduce tumor progression [20, 21]. Most of 
the clinical trials with MEK1/2 inhibitors have 
proved ineffective in part because their effica-
cy is limited only to in vitro assays using a large 
panel of breast cancer cells [22]. 

Various phosphatases, particularly the dual 
specific phosphatases (DUSP), could also con-
tribute to reduce the therapeutic efficacy of 
MEK1/2 inhibitors in cancer treatment. Phos- 
phatases regulate both duration, magnitude 

and spatio-temporal profiles of MAPK activa-
tion, which is crucial in determining the physio-
logical outcomes of cells [23]. DUSP dephos-
phorylate threonine/serine and or tyrosine re- 
sidues of the T-X-Y motif within the kinase acti-
vation loop to regulate MAPK activity in normal 
tissues [23]. There are reports of aberrant ex- 
pression of DUSPs in some subtypes of breast 
cancer, but their influence in AA breast cancers 
remain poorly understood. Some DUSPs includ-
ing DUSP9 implicated in pluripotency could play 
a role in AA breast cancers, which contain high 
levels of undifferentiated cancer stem-like ce- 
lls. DUSP9 been shown to maintain murine ESC 
pluripotency and self-renewal status by con- 
trolling appropriate ERK activity [24]. DUSP9, 
which was downstream of BMP4/Smad 1/5 si- 
gnaling axis and steadily attenuated ERK1/2 
activity in murine ESCs to reduce spontaneous 
differentiation [24]. In addition, DUSP9 has al- 
so been demonstrated to modulate DNA hypo-
methylation in female mouse pluripotent stem 
cells [25]. However, the role of DUSP9 in influ-
encing human ESCs in any cancer has not  
been investigated.

In this study, we sought to determine relation-
ship between ERK1/2 kinases, phosphatases 
and stem cell-like traits in xenografts from 
understudied AA TNBC cells. We used xeno-
grafts from HRAS overexpressing HMLEHRASV12 
cell line as a positive control for most of our 
experiments. To our surprise, we found a novel 
mechanism operating in xenografts from the- 
se TN breast cancer cells, where pERK1/2 
remained suppressed in a MEK1/2 indepen-
dent manner. Interestingly, we found dual spe-
cific phosphatase 9 (DUSP9)-mediated sup-
pression of pERK1/2 increased stem cell-like 
traits in TN breast tumors.

Methods

Human cell lines

AA breast cancer cells HCC-1806, HCC-70, 
MDA-MB-468, MDA-MB-231, and MCF7 were 
purchased from American Type Culture 
Collection (ATCC) in 2013. These cells were 
propagated in RPMI 1640 containing 10%  
FBS [26]. The ATCC uses Promega Power- 
Plex 1.2 system and the Applied Biosy- 
stems Genotyper 2.0 software for analysis of 
amplicon. We have not done further testing in 
our lab. The HMLEHRASV12 cell line, generated by 
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transforming HMLE (human mammary epitheli-
al) cells with HRAST24 oncogene, was collect- 
ed in 2011 from Robert Weinberg (Whitehead 
Institute, Cambridge, MA). HMLEHRASV12 cell line 
was cultured in DMEM-F12 containing 10% 
FBS. 

Xenograft formation

Established breast cancer cell lines HCC1806, 
HCC70, MDA-MB-468 and HMLEHRASV12 (2×106 
cell/100 μL), mixed with Matrigel (1:1) were 
implanted subcutaneously in the dorsolateral 
abdominal region of nude mice (Harlan labora-
tories Inc.) for xenograft growth. To generate 
transplantable xenografts, primary xenografts 
were dissociated with 0.2% collagenase (type 
IV, Sigma-Aldrich) for 1 hour at 37°C, propagat-
ed for 48 hours in vitro and further implanted 
(1×106 cells/injection) subcutaneously in nude 
mice. Tumor growth was monitored weekly us- 
ing calipers for length and width measure-
ments, for the duration of the experiment. 
Tumor volume was calculated as ½ (length × 
width2) [27]. Tumors excised at various time 
points were either fixed for paraffin embed-
ding/fixing or immunoblot and qRT PCR analy-
sis. This study was carried out in strict accor-
dance with the recommendations in the Guide 
for the Care and Use of Laboratory Animals of 
the National Institutes of Health. The protocol 
was approved by the Institutional Animal Care 
and Use Committee (IACUC) of the Charles R. 
Drew University of Medicine and Science (Los 
Angeles, CA; permit number: 1-1103-261).

Immunoblot analysis

Xenografts at various time points were homog-
enized with tissue protein extraction reagent 
(T-PER) (Thermo Fisher Scientific, Rockford, IL) 
and protein concentrations were determined 
using Pierce BCA Protein assay kit (Thermo 
Fisher Scientific, Cat# 88667) and measured 
using the Spectra Max spectrophotometer 
(Model Spectra Max 190) at 545 nm. Cell or 
tissue lysates (100 µg) were resolved on 10%-
15% SDS-PAGE gels and electro-transferred  
to polyvinylidiene difluoride (PVDF) (BioRad, 
Hercules, CA, # 1620177). The membranes 
were incubated with the following primary anti-
bodies at 1:1,000 dilutions: ERK1/2 (Cell 
Signaling Technology, # 9102), pERK1/2 (Cell 
Signaling Technology, # 9106), MEK1/2, (Cell 
Signaling Technology, # 9126), pMEK1/2 (Cell 

Signaling Technology, # 9121), DUSP9 (Abcam, 
ab54941), ALDH1 (Abcam, ab9883), OCT4 
(Stem Cell Technologies, # 60059), SOX2 
(Abcam, ab97959), CD44, (Cell Signaling Te- 
chnology, # 3570) AKT (Cell Signaling Tech- 
nology, # 2920), pAKT (Cell Signaling Techno- 
logy, # 9271), p38MAPK (Cell Signaling Tech- 
nology, # 9212), pp38 MAPK (Cell Signaling 
Technology, # 9211), β-actin (Santa Cruz Bio- 
Tech, sc81178) or GAPDH (Millipore, MAB374). 
The membranes were further incubated with 
appropriate rabbit (Cell Signaling Technology, # 
7074) or mouse (Cell Signaling Technology, # 
7076) horseradish peroxidase-linked F (ab) fr- 
agment secondary antibodies (1:1000) for 1 h. 
Immunoreactive bands were visualized by en- 
hanced chemiluminescence (ECL) detection 
system (Amersham, Pittsburgh, PA) as des- 
cribed previously [27].

Quantitative real-time PCR

Total RNA was extracted by Trizol reagent and 
quantified using the Nano Drop. Equal amounts 
(2 μg) of RNA were reverse transcribed using 
RNA High Capacity cDNA kit (Applied Biosy- 
stems, Foster City, CA). The Power Sybr Green 
PCR master mix was used with 7500 fast re- 
al-time PCR system (Applied Biosystems). 
Human and mouse PCR primer sequence we- 
re obtained from Primer Bank DNA Core faci- 
lity (http://pga.mph.harvard.edu/primerbank, 
MGH Harvard, Cambridge, MA) [28]. Sequence 
of primers used in the study are listed in Table 
1.

Phosphatase assay

Small and large HMLEHRASV12, HCC1806 and 
HCC70 xenografts were dissociated enzyma- 
tically and mechanically in T-PER buffer. The 
total protein concentration was determined us- 
ing the Pierce BCA Protein assay kit (Thermo 
Fisher Scientific). Lysate (200 μg) from small  
(S) and large (L) xenografts after various treat-
ments were incubated in 37°C water bath for 1 
hour following which the samples were sub- 
jected to immunoblot analysis. The membran- 
es were probed for ERK1/2, pERK1/2, DUSP9, 
ALDH1, OCT3/4 and β-actin.

Flow cytometry

Dissociated tumor cells were filtered through 
70 μm cell strainer and incubated with FITC or 
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one 6G1.2, FITC conjugate, cat# FCMAB112F, 
Millipore Sigma) and PE-conjugated-OCT4 (cl- 
one 3A 2A20, PE, cat# 60093PE, Stem Cell 
Technology) antibodies for 2 h followed by cell 
sorting using BD FACS Aria II High Speed Cell 
Sorter (Becton Dickinson).

Mammosphere formation

Cell lines were trypsinized and suspended in 
mammosphere media comprised of DMEM 
supplemented with 10 μg/mL insulin and 25 
ng/mL fibroblast growth factor. Single cells 
from each of the cell lines were plated on ul- 
tralow attachment 6-well plates at a density of 
50,000 cells/well (Costar TM 3471). The 
spheres were harvested at 24 hours and 48 
hours and subjected to various analysis. 

Histochemistry

Immediately after excision from mice, pieces of 
the xenografts were fixed in 5% formalin over-
night after which they were dehydrated in etha-
nol and embedded in paraffin. Tumor sections 
(5-6 μm) were deparaffinized, subjected to epi-
tope retrieval, H2O2 treatment, permeabilization 
with 0.1% triton and probed for various anti-
gens as described previously [28].

Double immunofluorescence 

Tumors were fixed in 10% neutral buffered for-
malin overnight and embedded in paraffin for 
sectioning. Sections were cut at 5 μm. Tumor 
sections were deparaffinized, and antigen re- 
trieval was performed with Nuclear Decloaker 
(Biocare Medical) using a microwave. Paraffin 
embedded sections of xenografts were ana-
lyzed for co-localization of DUSP9 and OCT3/4 
as previously described (28). Briefly, sections 
were blocked with 0.5% normal donkey serum 
in PBST (PBS+0.3% Triton-X100) for one hour at 
room temperature. Sections were then incubat-
ed anti-DUSP9 antibody (2 hr) followed by FITC 
conjugated secondary (1 hr). After the washes, 
the slides were further incubated with anti-
OCT3/4/for (2 hr) followed by Texas Red con- 
jugated secondary antibody (1 hr). After the 
washes (3 times 5 min each) with PBS the 
slides were further counterstained with DAPI 
and mounted in prolong anti-fade solution 
(Molecular Probes) and visualized under flores-
cent microscope.

Table 1. Species-specific primer sequences 
used in this study
Primer Species Sequence (5’-3’)
DUSP1 Human F: AGTACCCCACTCTACGATCAGG

R: GAAGCGTGATACGCACTGC
DUSP2 Human F: GGGCTCCTGTCTACGACCA

R: GCAGGTCTGACGAGTGACTG
DUSP4 Human F: GGCGGCTATGAGAGGTTTTCC

R: TGGTCGTGTAGTGGGGTCC
DUSP5 Human F: TGTCGTCCTCACCTCGCTA

R: GGGCTCTCTCACTCTCAATCTTC
DUSP6 Human F: GAAATGGCGATCAGCAAGACG

R: CGACGACTCGTATAGCTCCTG
DUSP7 Human F: GACGTGCTCGGCAAGTATG

R: GGATCTGCTTGTAGGTGAACTC
DUSP8 Human F: TCAGCTCCGTCAACATCTGC

R: CGCGTGCTCTGGTCATAGA
DUSP9 Human F: TTCCGCCAATTTGGAGAGCC

R: TGCTTGTAGTGAAAGTCACCATT
DUSP10 Human F: ATCGGCTACGTCATCAACGTC

R: TCATCCGAGTGTGCTTCATCA
DUSP16 Human F: GCCCATGAGATGATTGGAACTC

R: CGGCTATCAATTAGCAGCACTTT
STYX Human F: TGCTATGAAAAGCAAGCTACCTG

R: CCCATTTGTAAGCTCCCATCAA
Dusp9 Mouse F: CCTGTGTGAAACCAGCTTCAG

R: CAGCTCAAGGTGTCACGGTC
SOX2 Human F: GCCGAGTGGAAACTTTTGTCG

R: GGCAGCGTGTACTTATCCTTCT
OCT4 Human F: CAAAGCAGAAACCCTCGTGC

R: TCTCACTCGGTTCTCGATACTG
ALDH1A Human F: GCACGCCAGACTTACCTGTC

R: CCTCCTCAGTTGCAGGATTAAAG
Gapdh Mouse F: AGGTCGTGTTGAACGGATTTG 

R: GGGGTCGTTGATGGCAACA
β-ACTIN Human F: CTCCTTTAATGTCACCACGAT 

R: CATGTACGTTGCTATCCAGGC
F: Forward; R: Reverse.

Texas Red-conjugated CD44, SOX2 or OCT4, 
and subjected to flow cytometric analysis. To 
examine ALDH1 expressing cells, ALDEFLUOR 
kit (Stem Cell Technologies) was used to isolate 
the population with high ALDH1 enzymatic ac- 
tivity as described before [26]. To distinguish 
between ALDH (+) and ALDH (-) cells, a fraction 
of cells were incubated under identical condi-
tions in the presence of a 10-fold molar excess 
of the ALDH inhibitor, diethylaminobenzalde-
hyde (DEAB). Cells were analyzed in a BD FACS 
Aria II High Speed Cell Sorter (Becton Dickin- 
son). For depletion of SOX2/OCT4 population, 
HCC1806 cells incubated with FITC-SOX2 (cl- 
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Table 2. Characteristics of human tumor samples used in the study
Sample Age Lymph node Pathological Status Histological grade Tumor size (cm)
T1 50 no info no info no info no info
T2 46 negative IIA invasive mammary carcinoma, ductal 3.8
T3 67 negative IIA invasive ductal carcinoma 2.8*
T4 42 positive IIIA invasive mammary carcinoma, ductal 5.4
T5 58 positive IIB mammary carcinoma ductal 3.5
T6 50 negative IIA invasive mammary carcinoma, ductal 3.1
T7 68 positive IIB invasive ductal carcinoma 4.0
T8 44 positive IIIB invasive metaplastic carcinoma 8.5**
T9 77 negative IIA invasive mammary carcinoma, ductal 3.5
African American (AA) triple negative (TN) breast tumor patients and sample (T1-T9) characteristics. PDX1 and PDX2 were 
generated using T3 (*) and T8 (**) samples respectively.

Patient derived xenografts (PDX) 

Human tumor samples were obtained from the 
Cooperative Human Tissue Network (CHTN; 
http://chtn.nci.nih.gov) and National Disease 
Research Institute (NDRI; http://ndriresource.
org/). Studies were performed under research 
protocol approved by the Charles R. Drew Uni- 
versity of Medicine and Science Institutional 
Review Board (permit number: 09-08-2229-
06) [28]. Human tumors used in the study are 
listed in Table 2.

Dusp9 knockdown

Following unique 29 mer human Dusp9 shR-
NAs constructs in retroviral RFP vectors were 
purchased from OriGene Technologies (Rock- 
ville, MD; Cat# TF313343). The sequences in 
the shRNA expression cassettes were shRNA1 
AACGATGCCTATGACCTGGTCAAGAGGAA (Acce- 
ssion # NM_001395), and shRNA2 (OriGene; 
TF313343B): GTCACTGTGGCCTACCTCATGCAG- 
AAGCT (Accession # NM_001395.1). Scram- 
bled non-specific sequence cassette 5’ GCA- 
CTACCAGAGCTAACTCAGATAGTACT 3’) (Scam 
shRNA; CAT# TR30012) was used in parallel  
as a negative control. All shRNA transfections 
were performed with 1 μg DNA using Turbofec- 
tin 8.0 as a transfection reagent (OriGene Te- 
chnologies) according to the manufacturer’s 
instructions. 

Statistical analysis

Data are presented as mean ± SD, and bet- 
ween-group differences were analyzed using 
ANOVA. If the overall ANOVA revealed signifi-
cant differences, then pair-wise comparisons 

between groups were performed by Newman-
Keuls multiple comparison test. All compari-
sons were two-tailed, and p values <0.05 were 
considered statistically significant. The experi-
ments were repeated at least three times, and 
data from representative experiments are sh- 
own.

Results

MEK1/2 independent reduced pERK1/2 in xe-
nografts from breast cancer cells and patient 
tumors

We initially examined for MAPK and AKT path-
ways in the xenografts from TN breast cancer 
cells, HCC70, HCC1806 and MDA-MB-468. Ce- 
lls propagated in vitro were implanted (2×106 
cell/injection) subcutaneously (abdominal, dor-
solateral) in immuno-deficient mice for engraft-
ment and xenograft growth. Xenografts excised 
at various stages of growth were homogenized 
and subjected to immunoblot analysis. Com- 
pared to high pERK1/2 levels in pre-implanted 
HCC70 breast cancer cells, there was reduced 
pERK1/2 in both small (X1-X3) and large (X4-
X6) xenografts that were excised at 1-3w or 
4-6w respectively (Figure 1A). However, the 
total ERK1/2 levels in the cells before implan-
tation and the xenografts remained compara-
ble (Figure 1A). Surprisingly, persistence of re- 
duced pERK1/2 appeared to be independent 
of upstream pMEK levels, which although var-
ied between xenografts did not appear to influ-
ence downstream pERK levels (Figure 1A). In 
sharp contrast to reduced pERK1/2, the levels 
of pp38 MAPK as well as pAKT were upregulat-
ed in the xenografts at various stages of growth 
(Figure 1A). A similar trend was observed for TN 
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breast cancer cell lines HCC1806 (Figure 1B) 
and MDA-MB-468 (data not shown).

To understand the implication of reduced 
pERK1/2 during xenograft growth, we exam-
ined the xenografts from HMLEHRASV12 cell line, 
which are mammary epithelial cells overex-
pressing HRAS [29]. We found presence of 
MEK independent reduced pERK1/2 expres-
sion only in small xenograft growth (1-2 weeks, 
0.1-0.3 gm), while pERK1/2 was upregulated in 
large (4-6 weeks, 0.4-0.7 gm) xenografts 
(Figure 1C). Levels of total ERK1/2 remained 
comparable in both small (S) and large (L) 
HMLEHRASV12 xenografts (Figure 1C). Since 
pERK1/2 levels in TN xenografts, in sharp con-
trast to HMLEHRASV12, remained reduced through-
out the growth, we further examined patient 
derived xenografts (PDX) from AA TN breast 
tumors. We obtained PDX by subcutaneous 
implantation of pieces of fresh TN breast 
tumors from AA patients in nude mice, and 
allowed to grow for 2 or 4 months. Immunoblot 
analysis showed MEK independent presence of 
reduced pERK1/2 in the PDX from AA TN breast 
tumors (Figure 1A). Characteristics of human 

tumors used in the study to generate PDX are 
marked with (*, **) in Table 2.

Since reduction of pERK1/2 was independent 
of MEK, we further examined whether phos-
phatases contributed to the reduced pERK1/2 
levels observed in the xenografts. For this pur-
pose, we incubated in vitro, lysates from HM- 
LEHRASV12 small xenografts (SX) that had low 
pERK1/2 with those from large xenografts (LX) 
where pERK1/2 was upregulated (Figure 1D). 
Co-incubation with SX (37°C for 1 h) reduced 
pERK1/2 levels in LX lysates as analyzed by 
immunoblot analysis. Heat denaturation of SX 
lysates prior to incubation with LX lysates at- 
tenuated the reduction of pERK1/2, indicating 
involvement of a phosphatase (Figure 1D). In- 
cubation of lysates in the presence of a general 
protein tyrosine phosphatase (PTP) inhibitor, 
sodium orthovanadate (SO) [30], attenuated 
the decline of pERK1/2, further confirming ph- 
osphatase activity. There was no prominent ch- 
ange in the levels of total ERK1/2, JNK, pJNK, 
p38MAPK or pp38MAPK during incubation of 
these xenograft lysates (Figure 1D). To deter-
mine the contribution of active phosphatases 

Figure 1. ERK1/2 dephosphorylation in early and late AA TN xenografts and patient-derived xenografts. 100 µg 
of total lysates obtained from HCC70 cells, or HCC70 xenografts from small (S) (2 weeks) and large (L) (8 weeks) 
growth and patient-derived xenografts (PDX) (4 months) (A), or HCC1806 xenografts (B) or HMLEHRASV12 (HRAS) (C) 
were analyzed by western blot to compare various proteins involved in MAP kinase signaling pathways. (D) 100 µg 
of total cell lysates obtained from large (L), small (S), L/S (equal amounts of L and S lysates incubated at 37°C for 
1 hr), L/S/H (L+S mixture heated at 100°C for 15-30 mins), and L/S/I (L+S mixture incubated with 10 or 20 µM so-
dium orthovanadate and incubated at 37°C for 1 hr) xenografts obtained from HRAS were analyzed by western blot 
analysis. (E) 100 µg of total cell lysates obtained from HRAS late tumors (HRAS L1 and HRAS L2), and either small 
(TN/S) or large (TN/L) HCC70 tumors alone or in combination with HRAS L1 followed by incubated at 37°C for 1 hr 
and analyzed for total ERK1/2 or phosphorylated ERK1/2 by western blot analysis. Experiments were replicated 
three times and a representative panel has been shown.  
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in suppression of pERK1/2 levels, we incubat-
ed TN and HMLEHRASV12 LX xenograft lysates.  
We found reduction of pERK1/2 levels in LX 
HMLEHRASV12 upon incubation with lysates from 
AA TN xenografts (2 or 4 weeks) (Figure 1E). 
Our above data indicate involvement of phos-
phatases in MEK1/2 independent suppression 
of pERK1/2 TN and HMLEHRASV12 xenografts.

Increased expression of DUSP9 in the xeno-
grafts from breast cancer cell lines and patient 
derived xenografts

Phosphatases regulate both duration and mag-
nitude of MAPK activation, which is crucial in 
determining the physiological outcomes of ce- 
lls [23, 31]. To identify the specific phospha-
tase involved in suppressing pERK1/2 in the 
xenografts, we initially examined the expres-
sion of known dual specific phosphatases 
(DUSPs) in HMLEHRASV12 and HCC-70 xenografts 
by qPCR. DUSP9 expression was increased  
significantly in HMLEHRASV12 and TN xenografts 
when compared to respective cancer cells (Fi- 
gure 2A, 2D). We did not detect any changes  
in the expression of 1, 2, 4, 5, 6, 8, 10 and 16 
DUSPs in xenografts when compared to the 
breast cancer cells. However, we found DUSP9 
expression remained consistently high throu- 
ghout the growth of TN xenografts, which was 
in sharp contrast to the transient spikes in 
DUSP9 in HMLEHRASV12 xenografts (Figure 2A, 
2B, 2D, and 2E). Small HMLEHRASV12 xenografts 
expressed higher DUSP9 when compared to 
the larger xenografts excised at later time 
points (Figure 2B). Since the host also influ-
ence tumor growth, we used host (mouse) spe-
cific DUSP9 primers to determine host contri-
bution of the phosphatase. Species-specific 
primers showed additional increase of DUSP9 
expression of host origin in the xenografts 
(Figure 2C, 2F). To confirm expression of DUSP9 
in tumor cells, we implanted green florescent 
protein (GFP) labeled HCC1806 cells subcuta-
neously in nude mice for xenograft growth. The 
xenografts therefore had GFP expressing tu- 
mor cells along with host tissues, which did  
not express any florescence. Paraffin embed-
ded sections of these xenografts when immu-
nolabeled with DUSP9/Texas red conjugated 
antibodies, was found to express considerable 
amount of DUSP9 originating both from the 
host (red) as well as the tumor cells (yellow) 
(Figure 2G). 

Immunoblot analysis showed inverse relation-
ship between DUSP9 expressions and pERK- 
1/2 levels HMLEHRASV12 xenografts (Figure 2H). 
We further examined the levels and activity of 
DUSP9 in PDX from TN breast tumors. PDX  
had high DUSP9 expression as well as lower 
pERK1/2 when compared to late HMLEHRASV12 
xenografts where lower DUSP9 was associat- 
ed with higher pERK1/2 levels (Figure 2I). Pre-
heating of the PDX lysates attenuated the 
reduction of high pERK1/2 levels upon co-in- 
cubation (Figure 2I). In addition, treatment wi- 
th phosphatase inhibitor, sodium orthovana-
date (SO), in co-incubation experiments with 
PDX, attenuated the decline of pERK1/2 while 
the levels of total ERK1/2 did not change 
(Figure 2I). The above data indicates consistent 
expression of high DUSP9 expression in xeno-
grafts from TN breast cancer cells.

Upregulation of DUSP9 was associated with 
increase in CSC-like traits in TN xenografts

There are reports that DUSP9 controls appro-
priate ERK1/2 activity, which appears critical 
for determining SC fate [24, 32]. We further 
examined DUSP9 and SC-specific proteins 
(ALDH1, CD44, OCT4 and SOX2) in HCC70 and 
HMLEHRASV12 xenografts at various stages  
of growth. While the pre-implanted HCC70 ce- 
lls expressed DUSP9, its elevated expression  
in xenografts was associated with increased 
expression OCT4 and SOX2 (Figure 3A). In con-
trast, there was no change in ALDH1 expres-
sion, which remained consistently high in both 
pre-implanted cells as well as in the xenografts 
(Figure 3A). We were unable to detect in HCC70 
xenografts, any significant expression of CD44, 
which is a known marker for a subset of CSCs 
(Figure 3A). This persistent expression of 
DUSP9 as well as the increase in SOX2 and 
OCT4 in TN xenografts, sharply contrasted with 
those from HMLEHRASV12 xenografts where sta-
tus of ERK1/2 activation dictated the expres-
sion of CSC-specific proteins (Figure 3B). In S 
HMLEHRASV12 xenografts, increased DUSP9 ex- 
pression and reduced pERK1/2 was associat-
ed with high levels of ALDH1 and OCT4, while L 
xenografts with high pERK1/2 levels had up 
regulation of CD44 (Figure 3B). PCR analysis  
of xenografts from all three TN breast cancer 
cell lines showed consistent increase in expr- 
ession of SOX2 in all the xenografts examined 
(Figure 3C). We further examined DUSP9 and 
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Figure 2. Increased expression of DUSP9 in tumor xenografts and reduced ERK1/2 phosphorylation. (A) Quantita-
tive gene expression analysis using real-time PCR analysis of various dual-specificity phosphatases 1-10 (Dusp1-
10) in HRAS cells, and small (S) and large (L) xenografts. Data are expressed as fold change compared to the cells. 
Quantitative gene expression analysis of Dusp9 in 3 Small (S1-S3) and 3 large (L1-L3) stage xenografts using (B) hu-
man and (C) mouse specific primer sets. (D) Quantitative gene expression analysis using real-time PCR analysis of 
various dual-specificity phosphatases 1-10 (Dusp1-10) in HCC70 cells, and small (S) and large (L) xenografts. Data 
are expressed as fold change compared to the cells. Quantitative gene expression analysis of Dusp9 in 3 small (S1-
S3) and 3 large (L1-L3) xenografts using (E) human and (F) mouse specific primer sets. (G) GFP-labeled HCC1806 
cells were subcutaneously implanted in nude mice for xenograft growth. Paraffin-embedded sections from 8-week 
xenografts were immunolabeled for DUSP9 with Texas Red conjugated secondary antibody. GFP-labeled tumor cells 
(green) expressing DUSP9 (yellow) as well as host cells expressing DUSP9 in xenografts (red) was analyzed under 
fluorescent microscope (Olympus). (H) 100 µg of total lysates obtained from large HRAS (HRAS L), equal amounts 
of HRAS L plus HCC70 L mixed and incubated at 37°C for 1 hr (HRAS L+HCC-70 L) were analyzed by western blot 
analysis for detection of total and phosphorylated ERK1/2 and DUSP9 protein levels. (I) 100 µg of total lysates ob-
tained from PDX and large HRAS (HRAS L1 and HRAS L2) either alone or mixed together and incubated at 37°C for 
1 hr (PDX+HRAS L1 and PDX+HRAS L2), and mixed lysates plus phosphatase inhibitor (PDX+HRAS L1+I) or mixed 
lysates plus heat (PDX+HRAS L1+H) were analyzed by western blot analysis for detection of total and phosphory-
lated ERK1/2 and DUSP9 protein levels. Experiments were replicated 3 times and a representative panel has been 
shown. **P≤0.01; *P≤0.05.  
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Figure 3. Induction of DUSP9 and ERK1/2 dephosphorylation coincides with cancer stem cell-like characteristics. 
(A, B) 100 µg of total lysates obtained from xenografts and analyzed by western blot analysis for both human and 
mouse DUSP9, total and pERK1/2, and various breast cancer stem cell-specific proteins in HCC70 (A) and HM- 
LEHRASV12 (B) xenografts. (C) Quantitative gene expression analysis for SOX2 by real-time quantitative PCR in three TN 
cell lines. Small, S1, S2 (2 weeks) and large L1, L2 (8 weeks). (D) 100 µg of total lysates obtained from small (S1, 
S2, S3) and large (L1, L2) xenografts were analyzed by western blot analysis for the detection of DUSP9 (human and 
mouse), OCT4 and ALDH1 protein expression. Experiments were replicated 3 times and a representative panel has 
been shown. (E) Immunohistochemical (IHC) analysis of small and large HCC70 and HMLEHRASV12 xenografts using 
anti-DUSP9, anti-OCT4, or anti-SOX2 antibodies (1:100 dilutions). (F) 1×106 cells obtained from single cell suspen-
sion of xenografts was analyzed for SOX2 (HCC70) or CD44 (HRAS) by cytometric analysis.
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SOX2/OCT4 expression in xenografts from an- 
other TN breast cancer cell line HCC1806 and 
found similar association (Figure 3D). 

Immunohistochemistry confirmed significant 
expression of DUSP9, OCT4 and SOX2 in both S 
and L TN but only in S HMLEHRASV12 xenografts 
(Figure 3E). FACS analysis of small/large xeno-
grafts showed 6-8% SOX2 expressing cells 
(Figure 3F, Upper Panel). Furthermore, FACS 
analysis showed up-regulation (22.2%) of CD- 
44 expressing cells only in L HMLEHRASV12 xe- 
nografts (Figure 3F, Lower Panel). 

We further dissociated HCC70 xenografts and 
plated them in low attachment plates for mam-
mosphere growth. Real time qPCR analysis sh- 
owed mammospheres, when compared to oth- 
er DUSPs, specifically expressed DUSP9 (Fi- 
gure 4A). Immunoblot analysis showed that 
DUSP9 as well as OCT4 and SOX2 protein le- 
vels was upregulated while pERK1/2 levels 
reduced in the mammospheres, when compar- 
ed to cells grown on high attachment plates 
(Figure 4B). We further examined cells on plas-
tic and mammospheres for nuclear/cytosolic 
pERK1/2. Interestingly, pERK1/2 was mostly 
nuclear in mammospheres, while distribution in 
cells on plastic was even between cytosolic and 
nuclear fraction (Figure 4C). In addition, when 
compared to normal epithelial cells, pERK1/2 
was more stable in HRAS transformed cells  
and mammospheres from these cells as well  
as breast cancer cells (Figure 4D, 4E). 

We further confirmed by performing double 
immunofluorescence that DUSP9 co-express- 
ed SOX2/OCT4 expressing cells in HCC70 xe- 
nografts (Figure 4F). In addition, double immu-
nofluorescence of S HMLEHRASV12 xenografts 
showed co-localization of DUSP9 with OCT4 
and SOX2 expressing cells (Figure 4G). Our 
data indicate that increased expression of 
DUSP9 was associated with CSC-like traits in 
TN xenografts.

Downregulation of DUSP9 reduced SC-specific 
proteins and TN breast tumor growth 

We examined the effect of reducing DUSP9 in 
TN breast cancer cells by pharmacological in- 
hibition and ShRNA treatment. HCC1806 ce- 
lls treated with general phosphatase inhibitor, 
sodium orthovanadate (SO), showed reduced 
levels of SOX2/OCT4 and ALDH1 expression, 

which also coincided with increased levels of 
pERK1/2 (Figure 5A). We further reduced the 
levels of DUSP9 by treatment of HCC1806 cells 
with DUS9 shRNA, where compared to 
Scrambled (Sc) shRNA, DUSP9 shRNA1 and 
shRNA2 reduced DUSP9 levels by 76% and 
62% respectively (Figure 5B). Furthermore, 
with reduction of DUSP9, there was simultane-
ous reduction of OCT4 (64%, 72%) and ALDH1 
(64%, 55%) respectively (Figure 5B). DUSP9 
shRNA treated cells had reduced ability to form 
mammospheres when compared to sc-shRNA 
treated cells (Figure 5C, 5D). In addition, treat-
ment of HCC1806 with MEK1/2 inhibitor, PD 
98059 (20 µg/ml) reduced the levels of pER- 
K1/2 while increasing SOX2, OCT4 and ALDH1 
expression (Figure 5E). We further depleted 
SOX2/OCT4 expressing cells from HCC1806 by 
FACS, before implanting them subcutaneously 
in nude mice. Tumor volume from control and 
SOX2/OCT4 depleted cells was measured over 
the course of 8 weeks as described previously 
[27] (Figure 5F). Tumor volume from SOX2/
OCT4 depleted cells was lower at 2 wks. (65%), 
4 wks. (55%), 6 wks. (40%) and 8 wks. (31%) 
when compared to control cells (Figure 5F, 5G). 
At 8 weeks tumors from euthanized mice were 
weighed and those after SOX2/OCT4 depletion 
were 50% smaller compared to control (Figure 
5H). We further treated HCC1806 with DUSP9 
shRNA or scrambled (scram) RNA before im- 
planting subcutaneously in immunodeficient 
mice. Tumor volume from scram and shRNA 
treated cells was measured over the course of 
8 weeks (Figure 5I). Growth of tumors from 
DUSP9 shRNA treated cells was lower at 2 
(64%), 4 (64%), 6 (67%) and 8 weeks (48%), 
when compared to control (Figure 5I). The mi- 
ce were euthanized at 8 weeks and tumor 
weight was examined (Figure 5J, 5K). We fo- 
und 65% reduction in tumor weight from cells 
treated with DUSP9 shRNA when compared to 
control (Figure 5K).

Oncostatin M increases the expression of 
DUSP9 and SC-specific proteins 

Since DUSP9 expression increased during en- 
graftment of xenografts, we examined whether 
adipocytes in the host microenvironment influ-
enced the process. For this purpose, HCC70 
cells were co-incubated with 3T3-L1 cells for 
48 h after which expression of DUSPs as well 
as SC-specific proteins were examined. We fo- 
und significant increase in DUSP9 of cancer 
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Figure 4. Increased expression of DUSP9 and stem cell-specific proteins in mammospheres. A. Real-time quantita-
tive gene expression analysis of various DUSPs in HCC70 cells grown under high (HA) or low (LA) attachment condi-
tions. B. Western blot analysis of total cell lysates (60 µg) obtained from HCC70 cells grown under high (HA) or low 
(LA) conditions. Experiment was repeated three times and a representative panel is shown. C. Nuclear and cytosolic 
fractionation of MCF10AHRASV12 cells on high attachment plates or as mammospheres was subjected to immunoblot 
analysis using anti-pERK1/2/ERK1/2 antibodies. D. Breast cancer cell lines MCF10AHRASV12 (10ARAS), MDA-MB-468, 
MCF7 and MDA-MB-231 as mammospheres on high attachment were treated with cycloheximide (CHX) (100 µg/
ml) for various time points (0-24 hrs) and subjected to immunoblot analysis using anti-pERK1/2 antibody. E. MCF- 
10AHRASV12 and MCF10A treated with cycloheximide (CHX) (100 µg/ml) for various time pointsre subjected to im-
munoblot analysis using anti-pERK1/2 and ERK1/2 antibodies. F. Sections of HCC70 xenografts were analyzed by 
double immunofluorescence using anti-SOX2 (green) or anti-DUSP9 (red). Nuclear staining is shown by DAPI. Co-
localization of SOX2 and DUSP9 is shown in yellow. *, P≤0.05; **, P≤0.01 (n=3). G. Double immunofluorescence of 
paraffin embedded S HMLEHRASV12 xenografts showing co-localization of DUSP9 (green) and SOX2 (red).

cell origin, while the expression of other DUSPs 
remained unchanged upon incubation of can-

cer cells with 3T3 L1 cells (Figure 6A, 6B). 
There was also increase in ALDH1 and SOX2  
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Figure 5. Effect of pharmacological inhibition or shRNA-mediated blockade of Dusp9 expression on key cancer stem 
cell characteristics, mammosphere formation and xenograft growth. A. 100 µg of total cell lysates obtained from 
HCC1806 cells treated with various concentration of sodium orthovanadate (0-1000 µM) for 48 hrs and protein 
expression of key breast cancer stem cell markers, total and phosphorylated ERK1/2, and DUSP9 were analyzed 
by western blot analysis. B. HCC-1806 cells was subjected to shRNA-mediated inhibition of Dusp9 expression using 
standard conditions and protein expression for DUSP9, OCT4/SOX2, and pERK1/2 were analyzed by western blot 
analysis using 50 µg of total cell lysates. Control cells were treated with scrambled RNA (scRNA) while experimental 
cells with two different Dusp9 shRNAs (1 and 2). Experiment was repeated two times and a representative data 
has been shown. C. Scrambled shRNA and Dusp9-shRNA1 (2×104) cells were plated on low attachment plates and 
photomicrographs of mammospheres are shown. D. Number of mammospheres were counted per field (20 fields) 
and average numbers are shown. Experiment was repeated two times. E. HCC1806 cell line, in-vitro was treated 
with various concentrations of PD inhibitor and subjected to immunoblot analysis for pERK1/2/ERK1/2, DUDP9 
and MCSC markers (SOX2, OCT4 and ALDH1). GAPDH was used as loading control. F. Control or SOX2- and OCT4-
depleted HCC-1806 cells (2×106) were injected into nude mice and tumor volume was analyzed over a period of 8 
weeks. *P≤0.05; **P≤0.01. G. Representative tumor from both groups are shown at 8 weeks (n=5). H. Analysis of 
tumor weights (mg) from both groups are shown after 8 weeks (n=5). *P≤0.05. I. scRNA or Dusp9-shRNA treated 
HCC1806 cells (1×106) were injected into nude mice and tumor volume was analyzed over a period of 8 weeks. 
*P≤0.05; **P≤0.01; ***P≤0.001. J. Representative tumor from both groups are shown at 8 weeks (n=6). K. Analy-
sis of tumor weights (mg) from both groups are shown after 8 weeks. (n=6). *P≤0.05. 

in tumor cells during co-incubation with 3T3-L1 
cells (Figure 6C). We also examined the effect 
of oncostatin M, a secretion from mature adi-
pocytes, on expression of DUSP9 and OCT4/
SOX2 in HCC1806 cells. We found that on- 
costatin M (20 µM) treatment increased the 
expression of DUSP9 as well as OCT4/SOX2 
(Figure 6D, 6E). We further examined AA TN 
breast tumors for the expression of DUSP9 and 
pERK1/2 by immunoblot analysis (Figure 6F). 
We have listed information of patient tu- 
mors used in the study in Table 2.

Discussion

Given that heterogeneity and plasticity are hall-
marks of most cancers, improved technologi- 
es including next generation deep sequencing 
have revealed unexpectedly higher levels of he- 
terogeneity in TNBCs [33]. High levels of geno-
typic and phenotypic heterogeneity in TNBC 
has been associated with enhanced vigor of 
cancer cells, reduced response to chemothe- 
rapy and poor prognosis [34, 35]. Intriguingly, 
each of the many subtypes of TNBC has distinct 
subsets of CSCs, which express ALDH1, CD44, 

or SOX2/OCT4, which are transcriptional regu-
lators of pluripotency [36-38]. ALDH1/CD44 
expressing small subset of CSCs in breast tu- 
mors has the potential to promote initiation/
growth of xenografts in immunodeficient mo- 
use models [8-10]. In addition, high-grade bas-
al-like breast tumors have a subset of MCSCs 
that express ES-like gene signatures that de- 
termine aggressive tumor behavior [39-41]. 
Microenvironment that contributes to tumor 
growth in vivo contrasts sharply to in vitro pro-
liferation driven by growth factor enriched se- 
rum. In this study, we found pERK1/2 levels 
remained reduced in the xenografts from all 
the three AATN breast cancer cells examined. 
Our study also shows that in addition to ALDH1, 
there was also a consistent increase in SOX2/
OCT4 expression during xenograft growth. We 
show for the first time that DUSP9 was up re- 
gulated in mammospheres and specifically in 
ALDH1/SOX2 expressing cells in xenografts/
PDX, and it’s down regulation reduced CSC-like 
traits in vitro and xenograft growth in vivo. In 
addition, we also found that patient derived 
xenografts (PDX) from AA TN breast tumors 
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expressed high levels of active DUSP9. Inter- 
estingly, both the implanted tumor cells as well 
as the host known to influence breast tumor 
growth contributed to DUSP9 expression.

There are reports of DUSP9 identification in a 
Walktrap-GM module, which is a random-walk-
based community detection algorithm that id- 
entifies biological modules predisposing to tu- 
mor growth [42]. Walktrap was reported with 

22-hepatocellular carcinoma and 32 colorectal 
samples in addition to prognosis in 198 breast 
cancer patients [42]. DUSP9 play a key role in 
the MAPK pathway along with cell cycle and 
proliferation regulators as well as key transcrip-
tion factor modules [42]. DUSP9 also been sh- 
own to maintain murine ESC pluripotency and 
self-renewal status by controlling appropriate 
ERK activity [24]. DUSP9, which was downst- 
ream of BMP4/Smad1/5 signaling axis and 

Figure 6. Oncostatin M (OSM) increases 
the expression of DUSP9 and embryonic 
stem cell markers. HCC70 cells were 
grown either alone or in combination with 
mouse 3T3-L1 preadipocyte cells under 
standard adipogenic conditions (for 6-9 
days), total RNA was isolated from the 
cells and gene expression of various 
Dusp variants human (A) and mouse (B) 
or (C) Aldh1 and Sox2 were analyzed by 
quantitative real-time PCR analysis us-
ing human specific Aldh1 or Sox2 primer 
sets. HCC1806 cells were treated with 
various concentrations (0-20 µM) of on-
costatin M (Osm) for 48 hrs and gene 
expression levels of DUSPs (D) or stem 
cell-specific proteins (E) were analyzed 
by quantitative real-time PCR using hu-
man specific primer sets. *P≤0.05; **, 
P≤0.01 (n=3). (F) Western blot analysis 
for AA TNBC for DUSP9 and ERK1/2. 
**P≤0.01 (n=3).
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steadily attenuated ERK1/2 activity in murine 
ESCs to reduce spontaneous differentiation 
[24]. Suppression of ERK1/2 signaling in mo- 
use embryo in vivo by small molecules inhibi-
tors or in vitro by MEK1/2 inhibitors, promoted 
ground state pluripotency of mESCs [43, 44]. 
However, role of pERK1/2 in maintenance of 
pluripotency in human ESCs remains poorly 
understood [45]. A study shows that human 
pluripotent stem cells lack the transcription 
factor circuitry that governs ground state of 
mESCs and inhibition of ERK1/2 or protein 
kinase C resets this machinery [46]. However, 
in sharp contrast to the importance of ERK1/2 
suppression in pluripotency maintenance, a 
study shows PKCδ-mediated transient ERK1/2 
activation increased ESC proliferation [47]. In- 
terestingly, a study on non-human primate, 
common marmoset shows that PI3K/AKT path-
way promoted renewal of ESCs [48]. We found 
that along with DUSP9 and SOX2 there was  
an increase in pAKT in all the xenografts ex- 
amined.

Role of DUSPs in human breast tumors rema- 
ins confusing since both overexpression as  
well as down-regulation of specific DUSPs have 
been reported [49, 50]. DUSP1 or MKP1 was 
overexpressed in breast tumors where they in- 
crease tamoxifen resistance and their inhibi-
tion reduced breast tumor growth [51]. In sharp 
contrast, there are reports that DUSP4 loss 
promoted cancer stem cell-like phenotype and 
increased aggressive properties in basal B  
subtype of breast cancer [49]. However, loss  
of DUSP4 increased only a subset of MCSCs 
that expressed CD44 in claudin low basal B 
tumors [49]. In addition, EGFR-mediated up re- 
gulation of pERK1/2 studies have shown, us- 
ing both in vitro and in vivo models that increa- 
se of CD44 (+) MCSC population was mostly  
in mesenchymal-like breast cancer cells of 
Caucasian origin [52]. There are reports that 
ERK1/2-mediated increase of CD44 in various 
cell types and cancers contribute to various 
pathological behaviors [53]. In our study, sus-
tained up regulation of p ERK1/2 and CD44 
only in the late stage large HMLEHRASV12 xeno-
grafts, could be promoting tumor growth. In TN 
breast tumor xenografts examined, although 
ALDH1 and SOX2 cells were high, we could not 
detect much of pERK1/2 or CD44 suggesting 
their minimal involvement in growth of these 
tumors. Nonetheless, active ERK1/2 has been 

strongly associated with various aspects of 
breast tumor development including epithelial 
to mesenchymal transition (EMT) [54]. Most of 
the ERK1/2-mediated EMT studies performed 
under in vitro conditions on breast cancer cells 
were very different from in vivo tumor microen-
vironment [55]. In addition, ERK1/2-mediated 
EMT studies conducted in vivo as well as most 
other in vivo studies examined Caucasian bre- 
ast cancer cell lines [56]. 

In sharp contrast to our results, a study con-
ducted in clear renal cell carcinoma used qPCR 
and immunohistochemistry to show lower ex- 
pression of DUSP9 was associated with poor 
prognosis [57]. Similarly, another study also fo- 
und higher expression of DUSP9, which result-
ed in microtubule disruption, cell death and 
tumor suppression in squamous cell carcinoma 
(SCC) [58]. We do not have an explanation for 
this except that breast tumors are heteroge-
neous with diverse cell types, each of which 
function optimally at varying levels of pERK1/2, 
which in context dependent manner could in- 
duce cell proliferation or differentiation. It ap- 
pears that AA TN breast tumors could have a 
unique subset of CSCs that are sensitive to 
ERK1/2-mediated differentiation and DUSP9-
mediated appropriate control of its activity  
was essential for maintenance of this popula-
tion and tumor progression. Our in vitro assays 
show both small and large AA TN xenografts 
exhibited high active DUSPs suggesting invol- 
vement of many DUSPs in controlling pERK1/2 
levels in diverse cell types during tumor 
development.

Our study demonstrates DUSP9-mediated ER- 
K1/2 suppression could be an important event 
that could influence breast tumor growth. We 
found low pERK1/2 levels in small xenografts 
was associated with increase in ESC specific 
transcriptional regulators, SOX2 and OCT4, whi- 
ch control pluripotency. Our findings are cons- 
istent with reports from other studies where 
although KRAS oncogene promoted pulmonary 
adenocarcinoma, pERK1/2 remained undetec- 
ted during tumor initiation or in most tumors 
[59]. Only a subset of late-stage tumors in the 
context of a p53 loss showed activation of 
these kinases, where it up regulated p19Arf, a 
potent activator of tumor suppressor p53 in 
mice [60]. In general, each of the subtypes of 
breast cancer is a dynamic evolving disease 
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where CSC-like cells along with many other 
recruited cells with stem-like properties, con-
tribute to its development. Although the bulk  
of breast tumors consist of more differentiat- 
ed cells, resident CSC-like cells together with 
adipose derived stem cells (ADSCs) mainly from 
the microenvironment as well as mesenchymal 
stem cells (MSCs) recruited from distant sites 
of the host, determine aggressive behaviors 
like angiogenesis, migration and invasion [61]. 

Due to small number of AA TN tumors analyzed 
and limited information in breast cancer ge- 
nomic data bases about ethnic differences,  
we are unable to make a firm conclusion whe- 
ther DUSP9-mediated ERK1/2 suppression is 
exclusively restricted to a particular race. How- 
ever, our study strongly indicate in AA TN breast 
cancer cells and tumors expressed high levels 
of ALDH1/SOX2/OCT4 suggesting increase in 
CSC-like characteristics associated with DU- 
SP9 expression.
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