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DUSP28 promotes cell proliferation, migration, and invasion by
Akt/B-catenin/Slug axis in breast cancer
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Background: Breast cancer (BCa) has been the most
commonly diagnosed cancer worldwide and the lead-
ing cause of cancer-related death. Dual-specificity phos-
phatase 28 (DUSP28) is associated with various cancer
progression, but its function and mechanism in breast
cancer remain unclear. Methods: DUSP28 level was
identified by quantitative real-time polymerase chain
reaction (qRT-PCR) and western blot assays. The pro-
liferation, migration, and invasion of DUSP28 in MCF-7
and MDA-MB-231 cells were assessed by Cell Counting
kit-8 (CCK-8), colony formation, and transwell assays. The
xenograft tumor model was established to explore the
effects of DUSP28 on tumor growth of nude mice. Im-
munohistochemistry (IHC) and western blot assays were
performed to evaluate the expression of related signal
molecules. Results: The expression of DUSP28 was up-
regulated in BCa tissues and closely correlated with tu-
mor size and distant lymphatic metastasis in The Cancer
Genome Atlas (TCGA) dataset. Quantitative real-time
PCR and western blot assays indicated that the expres-
sion of DUSP28 was up-regulated in BCa cells. DUSP28
was demonstrated to promote the proliferation, migra-
tion, and invasion of MCF-7 and MDA-MB-231 cells in
vitro. Knockdown of DUSP28 inhibited tumor growth of
xenograft tumor mice in vivo and reduced the levels of
DUSP28 and Ki-67. Notably, further mechanism analy-
sis indicated that DUSP28 promoted the activation of
Akt/B-catenin/Slug signaling. Conclusion: DUSP28 exerts
its oncogene function via regulating Akt/B-catenin/Slug
signaling in BCa, indicating that DUSP28 may provide a
promising therapeutic target for the treatment of BCa.
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INTRODUCTION

Breast cancer (BCa) has surpassed lung cancer as
the most commonly diagnosed cancer worldwide and
the leading cause of cancer-related death, with an esti-
mated 2.3 million women diagnosed with breast cancer
occurred in 2020 (Sung er al, 2021). The pathogenesis
of BCa is very heterogeneous, with different subtypes
presenting different biological behavior and progression
(Zheng et al., 2017; Feng et al., 2018). The etiology of
BCa includes age, genetics, diet, radiation, various envi-

ronmental chemicals, endocrine, and other factors (Peart,
2015). Despite great progress in research and clinical di-
agnosis and treatment, the prognosis of BCa still needs
to be improved because long-term continuous chemo-
radiotherapy will produce certain toxic side effects and
induce drug resistance, as well as local and distal metas-
tasis in the treatment process, the mortality of BCa re-
main high (Tao e/ al, 2015; Ullah, 2019). Understanding
the mechanism of tumorigenesis is a necessary condition
for the development and formulation of novel effective
therapeutic measures, and it is necessary to explore new
biomarkers to predict and track disease progression or
treatment response.

Dual-specificity phosphatases (DUSPs) are protein
phosphatases that regulate the activity of mitogen-ac-
tivated protein kinases (MAPKSs) (Dhillon ez al, 2007,
Lang et al., 2006). DUSPs are critical in regulating can-
cer cell growth and survival (Ramkissoon ez al., 2019;
Xian et al, 2018). These genes can be classified as
“classical” or “non-classical” based on dephosphoryla-
tion or phosphorylation and involve specific residues in
various cancer cells (Wang ez a/, 2014; Patterson et al.,
2009; Prabhakar et al., 2014; Rios et al., 2014). A grow-
ing body of evidence suggests that dysregulation of
DUSPs is a common phenomenon and plays a key role
in human cancer, and their differential expression may
be a potential biomarker for tumor prognosis (Gao ez
al., 2021). Previously, blocking DUSP28 has been re-
ported to inhibit chemotherapy tesistance and migra-
tion in pancreatic cancer by inhibiting the extracellular
signal-regulated kinase 1/2 (ERK1/2) signaling pathway
(Lee et al., 2015). Evidence suggests that DUSP28 pro-
motes the progression of pancreatic cancer and hepa-
tocellular carcinoma (Lee ¢ al, 2017; Lee et al., 20106;
Lee et al, 2019; Wang et al., 2014; Kim et al., 2018).
However, the role of DUSP28 in the development of
breast cancer remains unclear.

In the present study, we analyzed the mRNA expres-
sion of DUSP28 in the BCa project extracted from The
Cancer Genome Atlas (TCGA) samples through the
Ualcan (http://ualcan.path.uab.edu/analysis.html) predic-
tion dataset. DUSP28 was significantly overexpressed in
BCa tissues and associated with tumor stage and lymph
node metastasis. DUSP28 functioned as an oncogene
to promote the growth of BCa cells both zz vitro and in
vive. Moreover, DUSP28 promoted the migration, inva-
sion, and epithelial-mesenchymal transition (EMT) of
BCa cells 7n vitro. Further study revealed that the mecha-
nism by which DUSP28 exerts its pro-cancer effect in
BCa cells may be through the regulation of the Akt/B-
catenin/Slug axis. Out study provides novel directions
and insights into the mechanism of DUSP28 in BCa,
which may be a promising target for the treatment of
BCa.
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MATERIALS AND METHODS

Cell culture and transfection

Human breast cancer cell lines (MCF-7, MDA-
MB-157, MDA-MB-453, and MDA-MB-231) and hu-
man normal mammary cell MCF10A were purchased
from the American Type Culture Collection (Manas-
sas, VA, USA). The cells were cultured in Dulbecco’s
Modified Eagle Medium or Roswell Park Memorial
Institute 1640 medium (Gibco, USA), containing 10%
fetal bovine serum (FBS) and 1% penicillin/strepto-
mycin solution at 37°C in a humidified 5% CO, at-
mosphere. The DUSP28 sequences inserted into the
pc-DNA3.1 vector to overexpress DUSP28 (DUSP28),
the control pc-DNA3.1 empty vector (Vector), the
lentiviral vector containing short hairpin RNA against
DUSP28 (sh-DUSP28#1 and sh-DUSP28#2) and neg-
ative control (sh-NC) were all designed and synthe-
sized by Guangzhou RiboBio Co., Ltd. (Guangzhou,
Guangdong, China). Next, Lipofectamine 3000 (Invit-
rogen) was used to perform cell transfection based on
the manufacturer’s instructions.

Cell Counting Kit-8 (CCK-8) assay

The transfected cells (1X10* cells/well) were seeded
into a 96-well plate incubated for 0, 24, 48, 72, and 96h,
respectively. Next, 10ul. of CCK-8 solution (Beyotime,
Shanghai, China) was added and incubated for 4 h. The
optical density (OD) was measured with a microplate
reader at 450 nm.

Colony formation assay

1X10° cells were placed in a 6-well plate and incubated
for 2 weeks with fresh medium replaced every 2-3 days.
Cells were washed with phosphate-buffered saline (PBS),
fixed with 4% paraformaldehyde, and stained with 0.1%
crystal violet for 15 min. Finally, colonies were counted
and photographed.

Flow cytometry

48 hours after transfection, the cells were harvested,
digested, and then fixed in 70% ethanol at 4°C for 12h.
Afterwards, the cells were washed in PBS, stained with
propidium iodide (PI, Sigma-Aldrich) with Ribonuclease
A (Takara Biotechnology, Dalian, China) at 37°C for
30min. The cell cycle was detected using FACS Calibur
(BD Biosciences, USA) and analyzed by Flow]o soft-
wate.

Quantitative Real-time PCR

Total RNA was extracted using TRIzol Reagent (In-
vitrogen) and reverse transcribed using PrimeScript RT
reagent Kit (Takara, Tokyo, Japan) according to the
manufacturer’s instructions. Quantitative PCR was con-
ducted using SYBR Premix Ex Taq TM (Takara) Ap-
plied Biosystems 7500 Sequence Detection system (ABI,
USA). The mRNA expression was calculated using a
2-85¢T method and GAPDH was used as an internal con-
trol to normalize the data. The primer sequences were
as follows: DUSP28 (forwatd), 5-CCTTCCAGATGGT-
GAAGAGC-3' and (reverse), 5“GGTGAATGTGGGT-
GACACTG-3; GAPDH (forward) 5-ACACCCACTC-
CTCCACCTTT-3" and (reverse) 5-TTACTCCTTG-
GAGGCCATGT-3.

Western blot assay

Total proteins were extracted with a radio-immu-
noprecipitation assay (RIPA) lysis buffer (Solarbio,
Beijing, China) and were quantified using the bicin-
choninic protein acid (BCA) kit (Beyotime). The equal
amount of protein was loaded and resolved with 10%
sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) and electro-transferred to polyvi-
nylidene fluoride membranes (Millipore, Bedford, MA,
USA). The membranes were blocked with 5% non-
fat milk and incubated with primary antibodies over-
night at 4°C. The primary antibodies were as followed:
DUSP28 (# MA5-17248, 1:2000, Thermo Fisher Sci-
entific, Inc.,, Waltham, MA, USA), E-cadherin (1:1000,
Cat#ab133597, Abcam, Cambridge, MA, USA), N-cad-
herin (1:5000, Cat#ab76011, Abcam), Vimentin (1:500,
Cat#ab8978, Abcam), Akt (1:5000, Cat#ab182729, Ab-
cam), p-Akt (1:1000, Cat#ab38449, Abcam), GSK-33
(1:5000, Cat#ab32391, Abcam), p-GSK-33 (1:10000,
Cat#ab75814, Abcam), B-catenin (1:15000, Cat#ab32572,
Abcam), c-Myc (1:1000, Cat#ab32072, Abcam), Cyc-
lin D1 (1:200, Cat#ab16663, Abcam), Slug (1:1000,
Cat#ab27568, Abcam), GAPDH (1:2500, Cat#ab9485,
Abcam). The membranes were incubated with the cor-
responding HRP-conjugated secondary antibodies (anti-
rabbit, 1:1000, Cat#ab6721, Abcam; anti-mouse, 1:1000,
Cat#ab(6728, Abcam) at room temperature for 1h. After-
wards, Bands were visualized and observed using an en-
hanced chemiluminescence reagent (ECL) kit (Beyotime).
GAPDH was served as a loading control. The intensity
of protein bands was quantified using Image | software.

Immunohistochemistry (IHC) assay

In brief, the paraffin-embedded tissues were cut into
slides 4 um thick, dewaxed and dehydrated in gradient
ethanol. The sections were then microwave boiled in 10
mmol/ L citrate buffer to extract the antigen, incubated
with 3% H,0, and blocked with 5% bovine serum al-
bumin (BSA) for 30 min. Afterwards, the sections were
then incubated with primary antibodies against DUSP28
(# PA5-61523, 1:50, Thermo Fisher Scientific), Ki-67
(1:500, Cat#ab192742, Abcam) at 4°C overnight, fol-
lowed by incubation with the peroxidase-conjugated an-
tibody for 30 min at 37°C. Thereafter, the signal was
visualized using 3,3-diaminobenzidine (DAB, Protein-
tech, Wuhan, China) for 10 min and all the slides were
counterstained with haematoxylin, dehydrated and cov-
erslipped. Last, the images were photographed using a
light microscope (Olympus, Japan).

Transwell assay

Cell migration and invasion were analyzed in a 24-well
plate with transwell chambers (Millipore, Bedford, MA,
USA) using an 8-um polycarbonate membrane (Corning,
NY, USA) without or with Matrigel (Millipore) coating.
Transfected cells (1X10* cells/well) were cultured with
100 ul of serum-free medium in the upper chamber
and 600 pl of complete medium containing 10% FBS
in the lower chamber. After 24 h, the cells in the lower
chamber were fixed with 4% paraformaldehyde, washed
in PBS twice, and stained with 0.5% crystal violet. The
stained cells were observed under an inverted micro-
scope (Olympus, Japan).

In vivo experiments

Animal studies were approved by the Institutional An-
imal Care and Use Committee of Ningbo First Hospital.
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Figure 1. DUSP28 expression is up-regulated in BCa.

(A) UALCAN (http://ualcan.path.uab.edu/analysis.html) analysis of DUSP28 expression in The Cancer Genome Atlas (TCGA) database; (B)
UALCAN analysis of DUSP28 expression with different clinical stages; (C) UALCAN analysis of DUSP28 expression with lymph node metas-
tasis; (D) The mRNA expression of DUSP28 in breast cancer cell lines (MCF-7, MDA-MB-157, MDA-MB-453 and MDA-MB-231) and human
normal mammary cell MCF10A was determined by gRT-PCR assay; (E) The protein level of DUSP28 in breast cancer cell lines (MCF-7,
MDA-MB-157, MDA-MB-453 and MDA-MB-231) and human normal mammary cell MCF10A was determined by western blot assay. Data
are shown as mean + S.D,; **P<0.01 and ***P<0.001, ns represented as not significant.

A total of 10 nude mice (4-week-old) were randomly di-
vided into two groups (n=5 per group). 1x10° MCF-
7 cells stably transfected with sh-DUSP28, or sh-NC
suspended in 200 pL. normal saline and subcutaneously
injected into the right flank of mice. The tumor vol-
ume was measured every week and calculated using the
formula: length X width?Xx0.5. After 5 weeks of injec-
tion, the mice were anesthetized and ethically euthanized
and the tumor tissues were excised for weighting and ex-
pression analysis.

RESULTS

DUSP28 expression is up-regulated in BCa

The expression of DUSP28 mRNA in BCa tissue sam-
ples was analyzed in the TCGA dataset of the UALCAN
database website. It was found that the level of DUSP28
was significantly up-regulated in BCa tissues, which
was related to tumor stage and lymph node metastasis
(Fig. 1A—C). Subsequently, gRT-PCR and western blot
assays showed that the expression level of DUSP28 was
up-regulated in breast cancer cell lines (MCF-7, MDA-
MB-157, MDA-MB-453 and MDA-MB-231) compared
with human normal mammary cell MCF10A (Fig. 1D-E).

DUSP28 promotes the proliferation of BCa cells

Next, to identify the biological function of DUSP28
in BCa cells, we detected the knockdown or overex-
pression efficiency of DUSP28 in MCF-7 and MDA-
MB-231 cells as shown in Fig. 2A-B. Due to the
higher gene silencing efficiency of sh- sh-DUSP28#1
in MCF-7 cells, we selected sh-DUSP28#1 (labeled as
sh-DUSP28) for the subsequent assays. CCK-8 and
colony formation assays demonstrated that knock-
down of DUSP28 markedly hindered the proliferation
of MCF-7 cells whereas overexpression of DUSP28
dramatically increased the proliferation of MDA-
MB-231 cells (Fig. 2C-D). Flow cytometry results in-

dicated that compared with the sh-NC group, the pro-
portion of cancer cells in the G0/G1 phase increased
significantly, while that in the S phase decreased sig-
nificantly in the sh-DUSP28 group (Fig. 2E). On the
contraty, the proportion of G0/G1 cancer cells in the
DUSP28 group was significantly lower than that in
the Vector group, while the proportion of S cancer
cells was significantly increased (Fig. 2E). These data
suggested that DUSP28 promoted the proliferation of
BCa cells 7z vitro.

Knockdown of DUSP28 inhibits BCa tumor
growth in vivo

In vivo xenograft mice models were constructed to
further evaluate the effects of DUSP28 on the tumo-
rigenicity of MCF-7 cells. The representative image te-
vealed that the tumor size was obviously inhibited in
the sh-DUSP28 group (I'ig. 3A). The growth curve of
the tumor implied that knockdown of DUSP28 signifi-
cantly slowed the BCa tumor growth (Fig. 3B). Consist-
ently, the tumor weight of the sh-DUSP28 group was
significantly reduced compared with the sh-NC group
(Fig. 3C). Moreover, IHC staining displayed that knock-
down of DUSP28 apparently inhibited the expression of
DUSP28 and Ki-67 in xenograft tumors (Fig. 3D). Col-
lectively, the results above suggested that knockdown of
DUSP28 could inhibit BCa growth 7 vivo.

DUSP28 promotes the migration, invasion, and
epithelial-stromal transformation (EMT) of BCa cells

The results of transwell assays indicated that knock-
down of DUSP28 obviously inhibited cell migration
and invasion in MCF-7 cells while overexpression of
DUSP28 increased cell migration and invasion in MDA-
MB-231 cells. Further western blot assay illustrated that
knockdown of DUSP28 decreased the expression of
E-cadherin and increased the expression of N-cadherin
and vimentin in MCF-7 cells, whereas overexpression of
DUSP28 exhibited an opposite result in MDA-MB-231
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Figure 2. DUSP28 promotes the proliferation of BCa cells.
(A) The mRNA expression of DUSP28 in MCF-7 and MDA-MB-231 cells was measured by qRT-PCR assay;
in MCF-7 and MDA-MB-231 cells was determined by western blot assay; (C) CCK-8 assay was used to

(B) The protein level of DUSP28
determine the cell viabilities of

MCF-7 and MDA-MB-231 cells; (D) Colony formation assay was used to detect the number of cell clones in MCF-7 and MDA-MB-231 cells;
(E) Flow cytometry assay was used to detect the distribution of cell cycle in MCF-7 and MDA-MB-231 cells. Data are shown as mean +

S.D.; ¥P<0.05, **P<0.01 and ***P<0.001.
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Figure 3. Knockdown of DUSP28 inhibits BCa tumor growth in vivo.

(A) Photographs of tumors excised from the mice injected with MCF-7 cells transfected with sh-NC or sh-DUSP28; (B) Tumor growth
curves of mice injected with MCF-7 cells transfected with sh-NC or sh-DUSP28; (C) Tumor weight of mice injected with MCF-7 cells trans-
fected with sh-NC or sh-DUSP28; (D) The levels of DUSP28 and Ki-67 in tumors from mice injected with MCF-7 cells were evaluated by
IHC staining (Scale bar=100 pum, magnification, 200x). Data are shown as mean * S.D.; **P<0.01 and ***P<0.001.
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Figure 4 DUSP28 promotes the migration, invasion and epithelial-stromal transformation (EMT) of BCa cells

(A) Transwell assay was used to detect the migration capabilities of MCF-7 and MDA-MB-231 cells (Scale bar=50 pm, magnification,
400x); (B) Transwell assay was used to detect the invasion capabilities of MCF-7 and MDA-MB-231 cells (Scale bar=50 um, magnification,
400x); (C) The levels of E-cadherin, N-cadherin and Vimentin in MCF-7 and MDA-MB-231 cells were measured by western blot assay. Data
are shown as mean + S.D,; **P<0.01 and ***P<0.001.

cells (Fig. 4C). These data suggested that DUSP28 pro-  cantly downregulated the levels of p-Akt, p-GSK-38,

moted the migration, invasion and EMT of BCa cells. B-catenin, c-myc, cyclin D1 and Slug in MCF-7 cells,

while overexpression of DUSP28 lead to the opposite
DUSP28 plays an oncogenic role in BCa cells through results. To confirm whether Akt/B-catenin engages in
Akt/B-catenin/Slug axis the occurrence of BCa mediated by DUSP28, the cells

were cultured with 10mMol/L Akt-specific inhibitor
MK2206. Treatment with MK2206 decreased the lev-
els of p-Akt, p-GSK-383 and B-catenin in MCF-7 cells
and reversed the activation of the Akt/B-catenin/
Slug pathway triggered by DUSP28 (Fig. 5B). Fur-
thermore, inhibition of Akt by MK2206 could coun-
teract the effects of overexpression of DUSP28 on

The Akt/B-catenin signaling pathway is usually ab-
normally activated and plays an important regulatory
role in the progression of breast cancer (Song er al.,
2018; Li et al, 2017; Yu et al., 2018). Western blot-
ting was used to study the molecular mechanism of
DUSP28 regulating the development of BCa. The
results showed that knockdown of DUSP28 signifi-
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Figure 5. DUSP28 plays an oncogenic role in BCa cells through Akt/B-catenin/Slug axis

(A) The levels of Akt, p-Akt, GSK-3B, p-GSK-3B, B-catenin, c-myc, cyclin D1 and Slug in MCF-7 cells were evaluated by western blot as-
say; (B) The levels of Akt, p-Akt, GSK-3f, p-GSK-3[3, B-catenin, c-myc, cyclin D1 and Slug in MDA-MB-231 cells were evaluated by western
blot assay. Data are shown as mean + S.D.; compared with sh-NC group or Vector group, ***P<0.001; compared with DUSP28 group,
##£<0.001
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the proliferation (c-myc and cyclin D1), migration
and invasion (Slug) related proteins of MDA-MB-231
cells (Fig. 5B). These results suggest that the Akt/B-
catenin/Slug pathway engages in the promotion of
DUSP28 in BCa progression.

DISCUSSION

In the present study, we firstly provided evidence
for the role of DUSP28 in regulating BCa proliferation,
migration, invasion, and EMT. In addition, we dem-
onstrated that Akt/B-catenin/Slug axis is essential for
DUSP28-mediated BCa progression. Therefore, DUSP28
functions as an oncogene in BC and may be a potential
therapeutic target for BC.

DUSPs  have many heterogencous forms and func-
tions, can dephosphorylate phosphorylated serine, threo-
nine and tyrosine residues and up to 44 human DUSP
genes have been identified (Gao ez al, 2021). DUSPs
are divided into 6 subgroups, the phosphatase and ten-
sin homolog protein phosphatases (PTENSs), mitogen-
activated protein kinase phosphatases (MKPs), cell divi-
sion cycle 14 (CDC14) phosphatases (CDCl14s), atypical
DUSPs, phosphatases of the regenerating liver (PRLs)
and slingshot protein phosphatases (SSHs) (Gao ¢z al,
2021). Among them, DUSP4 is considered a potential
marker of chemotherapy resistance in triple-negative
breast cancer (ITNBC), and a low DUSP4 expression
level can predict recurrence and mortality in TNBC
patients (Baglia e al, 2014). Inhibition of DUSP6 has
been reported to increase the sensitivity of cancer cells
to chemotherapeutic drugs (Wu ef al, 2018; James e al.,
2019). Studies have shown that DUSP28 promotes the
proliferation and cycle progression of human liver can-
cer cells by regulating the P38 MAPK signaling pathway
(Wang ez al., 2014). Evidence also reveals that DUSP28
can promote pancreatic cancer cell migration and drug
resistance (Lee ¢t al, 2015; Lee et al, 2017; Lee et al.,
2016). We found for the first time that the expression
level of DUSP28 was significantly increased in BCa tis-
sues and cells, and DUSP28 was associated with tumor
stage and lymph node metastasis. In addition, DUSP28
not only significantly enhanced cell viability 7z vitro, but
also significantly augmented tumorigenesis of BCa cells
in vive. It is considered a prerequisite for initial tumor
cell migration and invasion, leading to metastasis and the
recurrence of many cancers (Brabletz e al, 2018). We
identified that DUSP28 promoted BCa cell migration, in-
vasion and EMT.

Many molecular mechanisms of cross-regulation be-
tween DUSPs and MAP kinases have been extensively
studied (Wang ez al., 2014). Recent evidence suggests that
recombinant DUSP28 therapy can significantly increase
migration, invasion, and survival of metastatic pancre-
atic cancer cells by activating cAMP-response-element
binding protein (CREB), Akt, and ERK1/2 signaling
pathways (Lee e al., 2019). However, other mechanisms
have not been cleatly studied. It is well known that the
Wnt/B-catenin signaling pathway that regulates a variety
of biological processes, including tumorigenesis and me-
tastasis (Yang ¢ al, 2016). Abnormalities in the Wnt/§-
catenin signaling pathway are common in many types
of cancer, such as BCa. Overactivation of the Wnt/B-
catenin signaling pathway in BCa cells leads to the ex-
pression of many oncogenic target genes, such as C-myc
and cyclin D1, inducing cell proliferation. §-catenin in-
teracts with T cytokine 4 (TCF4) in Wnt signal trans-
duction and regulates transcription of EMT-related target

genes including Slug (Hong e al., 2009). When the Wnt
signaling pathway is inactivated, cytoplasmic degradation
complexes are formed and interact with $-catenin, which
is phosphorylated and ubiquitinated, and subsequently
degraded by intracellular proteasomes. The role of the
degrading complex is largely dependent on the kinase
activity of glycogen synthase kinase-33 (GSK-38), which
phosphortylates -catenin ultimately resulting in 3-catenin
degradation (Tao ef al, 2020). In addition, GSK3p is a
phosphorylation substrate for Akt. Akt activation pro-
motes phosphorylation of GSK3p, thereby inhibiting
B-catenin degradation and activating the Wnt/B-catenin
signaling pathway (Bray ez 4/, 2018). Our study suggested
that DUSP28 significantly promoted Akt/B-catenin sign-
aling and increased the levels of downstream prolifera-
tion and EMT-related proteins.

In conclusion, DUSP28 promoted 7z vitro cell growth,
cell migration and invasion and 2 vivo tumorigenesis of
BCa cells. DUSP28 exerted its oncogene function by
activating Akt/B-catenin/Slug signaling, suggesting that
DUSP28 may provide a promising therapeutic target for
the treatment of BCa.
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