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ABSTRACT
Triple-negative breast cancer (TNBC) is the most aggressive histological subtype of breast cancer
and is characterized by poor outcomes and a lack of specific-targeted therapies. Transforming
growth factor-β (TGF-β) acts as the key cytokine in the epithelial–mesenchymal transition (EMT)
and the metastasis of TNBC. However, the regulatory mechanisms of the TGF-β signaling pathway
remain largely unknown. In this study, we identified that the USP1/WDR48 complex could
effectively enhance TGF-β-mediated EMT and migration of TNBC cells. Furthermore, lower phos-
phorylation of Smad2/3, Erk, Jnk, and p38 was noted on the suppression of the expression of
endogenous USP1 or WDR48. Moreover, the USP1-WDR48 complex was found to downregulate
the polyubiquitination of TAK1 and mediate its in vitro stability. Therefore, our findings have shed
a light on the novel role of the USP1/WDR48 complex in promoting TGF-β-induced EMT and
migration in TNBC via in vitro stabilization of TAK1.
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Introduction

Triple-negative breast cancer (TNBC), which con-
stitutes approximately 15%–20% of all breast can-
cer cases [1], is characterized by the absence or
minimal expression of estrogen receptor (ER),
progesterone receptor (PR), and human epidermal
growth factor receptor 2 (HER2) [2,3]. Being the
most aggressive histological subtype of breast can-
cer, TNBC typically affects young women and is
characterized by poor prognosis [4]. TNBC is
associated with a high rate of metastasis, particu-
larly to the visceral organs such as the lungs, liver,
and brain. Owing to the lack of effective targets,
chemotherapy remains the standard treatment for
early stage as well as metastatic TNBC patients [5].
However, only 20% of the TNBC patients respond
to therapy. Therefore, there is a pressing need to
search for effective molecular targets that are spe-
cific to TNBC.

Several previous studies have shown that trans-
forming growth factor-β (TGF-β) plays a vital role in
TNBC, such as in stemness regulation, epithelial–

mesenchymal transition (EMT), apoptosis, and che-
motherapy resistance [6,7]. TGF-β is a 25-kDa cyto-
kine that regulates cell growth and differentiation,
apoptosis, cell motility, angiogenesis, and cellular
immune response [8–10]. The TGF-β subfamily
comprises three TGF-β ligands (namely, TGF-β1,
TGF-β2, and TGF-β3), which have similar but not
identical in vitro biological activities. Maris reported
that TNBC cells, including MDA-MB-231, are the
highest producers of TGF-β1 [11].

TGF-β signal travels through a transmembrane
receptor complex that comprises type I and type II
receptor serine-threonine kinases. The activated
receptor complexes initiate the so-called canonical
TGF-β signaling through the C-terminal phosphor-
ylation of the signaling transducers Smad2 and
Smad3, which are associated with Smad4 and regu-
late the transcription [12]. In addition to the stimu-
lation of the Smad-dependent pathway, the activated
receptor can also activate other intracellular path-
ways known as the non-Smad signaling pathways,
including several branches such as MAPKs (i.e. Erk,
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Jnk, and p38) and AKT [12]. Upon ligand binding,
the TGF-β receptor complex interacts with TRAF6
and promotes its autoubiquitylation [13]. TGF-β-
activated kinase 1 (TAK1), also known as the mito-
gen-activated protein kinase 7 (MAP3K7), detected
in the epithelial cells is stimulated in response to
TGF-β via the phosphorylation of TGF-β-activated
kinase 1 binding protein 1 (TAB1) [14]. TRAF6
activates TAK1 through Lys63-linked polyubiquity-
lation [15]. Consequently, the activated TAK1, in
turn, activates target proteins such as IKKα/CHUK,
IKKβ/IKBKB, and MKK3/6, which result in the
phosphorylation and activation of MAPKs (i.e. p38,
JNK, and ERK) in a Smad-independentmanner [16].
Subsequently, the phosphorylated Jnk and p38 phos-
phorylate the Smads (i.e. Samd2 and Smad3), thus
regulating the Smad-dependent transcriptional
responses [17].

Increasing evidences indicate that both Smad-
dependent and non-Smad signaling pathways can
induce EMT [18–21]. This process is characterized
by alterations in the levels of three prominent bio-
markers, namely E-cadherin, vimentin, and
N-cadherin. This event leads to decreased adhesion
of the cells, loss of polarity, and tight junctions, which
results in the development of cellularmalignant char-
acteristics such as invasiveness and metastatic ability
[22]. Accumulating evidence has demonstrated that
the activation of the TGF-β-activated kinase 1
(TAK1) plays a critical role in TGF-β-induced EMT
[13,14,20,23,24]. Thus, ascertaining the potential
mechanisms regulating the stability of TAK1 protein
is of utmost importance in cancer research.

In the present study, we identified that the USP1/
WDR48 complex formed by ubiquitin-specific pep-
tidase 1 (USP1) and WD repeat domain 48
(WDR48) is a novel enhancer of TGF-β signaling.
More importantly, the inhibition of endogenous
USP1 or WDR48 expression significantly decreased
the TGF-β-induced EMT,migration, and invasion of
the TNBC cells. Mechanistically, we also demon-
strated that the USP1/WDR48 complex plays a key
role in the transduction of TGF-β signaling by med-
iating TAK1 stability and therefore regulating the
in vitro phosphorylation of Smad2/3, p38, Jnk, and
Erk. Our results could be interpreted as the evidence
of a new mechanism by which the USP1/WDR48

complex promotes TGF-β-induced EMT andmigra-
tion of the TNBC cells.

Materials and methods

Cell lines and transfection

All the cells were purchased from the American Type
Culture Collection (Manassas, VA, USA). MDA-MB-
231, MDA-MB-468 cells were cultured in DMEM
(Hyclone, South Logan, UT) with 10% fetal bovine
serum (FBS) (GIBCO, Grand Island, NY), 100 µg/mL
penicillin (Hyclone), and 100 µg/mL streptomycin
(Hyclone). Cells in the medium were incubated in a
humidified atmosphere containing 5% CO2 at 37°C.
For the knockdown experiments, the small interfering
RNA (siRNA) sequences for USP1 were as follows: 5′-
GGCAAGUUAUGAGCUUAUA-3′ (siRNA 1), 5′-
CGGCAAGGUUGAAGAACAA-3′(siRNA 2), and
5′-GGAGAGCUCUGAAAUUUCU-3′(siRNA 3);
The sequences for WDR48 siRNA were as follows:
5′-GGUCGAGACUCCAUCAUAA-3′(siRNA 1); 5′-
GGAACAAAGACUCCAUUUA-3′(siRNA2) and 5′-
GCCCGA CCAAGUUAUUAAA-3′(siRNA 3).
Transfection was performed with Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s protocol.

RNA isolation and qPCR assay

Total RNA was extracted from cultured cells with
Trizol reagents (Invitrogen) according to the manu-
facturer’s instructions. Total RNA was reverse-
transcribed to cDNA using PrimeScript RT reagent
Kit (Takara, Tokyo, Japan), Real-time PCR was per-
formed with the SYBR Premix Ex Taq (Tli RNaseH
Plus) (Takara) with Light Cycler 480 II Real-Time
PCR System (Roche, Basel, Switzerland). GAPDH
was used as the endogenous control for the detection
of mRNA expression level.

Co-immunoprecipitation assay

For immunoprecipitation (IP), whole-cell extracts
were collected 36 h after transfection and were lysed
in Western and IP lysis buffer (Beyotime, Shanghai,
China)with protease inhibitors (Sigma, St. Louis,MO,
US). After centrifugation at 12,000 g for 10min at 4°C,
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supernatants were collected and incubated with 1
µg monoclonal anti-Flag, 1 µg anti-Myc, or 1 µg anti-
TAK1 for 1 h. Then, protein G Plus-Agarose
Immunoprecipitation reagent (Santa Cruz) was used
to incubate together with monoclonal antibody. After
8 h of incubation, protein G Plus-Agarose beads were
washed five times with IP buffer. Immunoprecipitates
were eluted by boiling with 1% (wt/vol) SDS sample
buffer for 5 mins.

Western blot analysis and regents

After indicated treatment, cells were collected and
lysed with Western and IP lysis buffer (Beyotime,
Shanghai, China) with protease inhibitors (Sigma,
St. Louis, MO, US), then centrifuged at 12000g for
15mins at 4°C, supernatant was transferred into
a 1.5ml EP and 5×SDS was added, boiling for 5mins.
Equal amounts of proteins were loaded on SDS-PAGE
gels and then transferred to a PVDF membrane
(Millipore, Carlsbad, CA, US). After blocking with
5% non-fat milk, the membrane was incubated over-
night at 4°C with the primary antibody and then with
horseradish peroxydase-coupled secondary antibody
(CST, Danvers, MA, US). Signal was detected with
enhanced chemiluminescence (Millipore, Bedford,
MA, US). USP1(#14346-1-AP, 1:1000), WDR48
(#16503-1-AP, 1:1000), E-cadherin (#20874-1-AP,
1:1000) and N-cadherin (#16503-1-AP, 1:1,000) anti-
bodies were purchased fromProteintech (Rosemount,
IL, USA). β-actin (#3700, 1:1000), Jnk (#9252, 1:1000),
p-Jnk (#9251, 1:1000), Erk (#4695, 1:1000), p-Erk
(#4370, 1:1000), p38 (#8690, 1:1000), p-p38 (#4511,
1:1000), Smad2 (#5339, 1:1000), p-Smad2 (#18338,
1:1000), Smad3 (#9523, 1:1000), p-Smad3 (#9520,
1:1000), Flag (#14793, 1:1000), Tak1 (#4505S,
1:1000), Myc (#2276, 1:1000), HA (#5017, 1:1000)
and Vimentin (#5741, 1:1000) antibody were pur-
chased from CST. ML323 was from Selleck
Chemicals (Houston, TX, US). TGF-β (98726-64-8)
was purchased from PeproTech (Rocky Hill, NJ, US).

Transwell migration and invasion assays

The cell migration and invasion assays were per-
formed using Transwell chambers, which were
coated with (invasion assay) or without (migration

assay) Matrigel, briefly, for invasion assay, the
polycarbonate membranes were coated with 40μL
matrigel at 37°C for 2h to form a reconstituted
basement membrane, 700μL of the medium with
20% FBS was added to the lower well of each
chamber, and 1×105 cells suspended in serum-
free medium with or without TGF-β and ML323
were added to the upper inserts. After 24-48h, the
cells located on the lower surfaces were fixed with
methanol for 5mins and stained with 0.1% crystal
violet for 15mins. The stained cells were photo-
graphed in six representative fields, and relative
cell number was calculated.

Statistical analysis

The GraphPad Prism 8 was used for statistical
analysis. All data from at least three independent
experiments were presented as means ± SD unless
stated otherwise. A Student’s t-test and one-way
analysis of variance were performed to determine
significance. Confidence level of 0.95% was used
for all statistical analyses (α-value = 0.05).

Results

Expression pattern of USP1 and WDR48 during
TGF-β stimulation

By segregating the patient samples in the published
Metabric and TCGA datasets, we found that the
expressions of USP1 and WDR48 were higher in
TNBC than in non-TNBC (Figure 1a–b).
Furthermore, the USP1 and WDR48 expressions
were observed to be higher in the TNBC cell lines
than in the non-TNBC cell lines (Figure 1c–d).
Owing to the important regulatory role of TGF-β
in TNBC [6,7], we examined the expression status of
USP1 and WDR48 during TGF-β stimulation. The
results revealed that the USP1 and WDR48 expres-
sion levels were markedly elevated at a later stage of
TGF-β stimulation in MDA-MB-231 and MDA-MB
-468, which are both TNBC cells (Figure 1 e–j).
These data illustrate the dynamic changes in USP1
and the WDR48 expression during TGF-β stimula-
tion, suggesting the potential involvement of the
USP1/WDR48 complex in the TGF-β signaling
pathway.
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Figure 1. Expression pattern of USP1 and WDR48 during TGF-β stimulation. (a–b) USP1 and WDR48 expression in TNBC and non-
TNBC breast cancer patients according to the data in METABRIC (a) and TCGA (b). (c–d) The relative expression of USP1 and WDR48
in different cell lines, including hormone receptor (HR) positive cell lines, M7 and T47D, and triple-negative cell lines, MDA-MB-231
and MDA-MB-468 (c–d). (e–h) RT-PCR analysis of the expression pattern of USP1 (e, g) and WDR48 (f, h) in MDA-MB-231 and MDA-
MB-468 cells during TGF-β stimulation. (i–j) Western blot analysis of USP1 and WDR48 expression in MDA-MB-231 (i) and MDA-MB
-468 (j) cells stimulated with TGF-β for the indicated time periods.
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USP1/WDR48 complex enhanced TGF-β-induced
migration and invasion in the TNBC cells

TGF-β has been proven to be a crucial activator of
breast cancer metastasis [25]. To further investi-
gate the effect of the USP1/WDR48 complex in
TGF-β-mediated TNBC cell metastasis, we per-
formed the Transwell assay. We noted that
10 ng/mL of TGF-β significantly increased the
migration and invasion abilities of the MDA-MB
-231 and MDA-MB-468 cells. Nevertheless,
ML323, a specific USP1/WDR48 inhibitor, signifi-
cantly reversed the abovementioned process in
a dose-dependent manner (Figure 2a–b). These
results suggest that the USP1/WDR48 complex is
essential for the TGF-β-induced TNBC cell migra-
tion and invasion.

USP1/WDR48 complex promoted TGF-β-induced
EMT

EMT plays a key role in the TGF-β-induced breast
cancer cell migration and invasion [26]. To further
investigate whether the USP1/WDR48 complex
promoted TNBC migration and invasion through
the regulation of TGF-β-induced EMT, we used
ML323 to inhibit the function of the endogenous
USP1/WDR48 complex. Subsequently, we applied
reverse transcription-polymerase chain reaction
(RT-PCR) and western blotting to detect the
expression pattern of the EMT markers. Our
results showed that ML323 could significantly
increase the E-cadherin expression in the TNBC
cells, which was diminished by TGF-β.
Simultaneously, TGF-β-induced N-cadherin and

Figure 2. USP1/WDR48 complex enhanced TGF-β-induced migration and invasion in the TNBC cells. (a–b) Transwell migration and
invasion assays for MDA-MB-231 (a) and MDA-MB-468 cells (b) treated with or without TGF-β and ML323. All representative images
were obtained from at least three independent experiments.
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vimentin expression were decreased (Figure 3a–c).
We did detect the E-cadherin expression in MDA-
MB-231 cells via western blotting, but we also
found that the endogenous E-cadherin expression
was too low to be detected because of their
mesenchymal characteristics.

To confirm the effect of the USP1/WDR48 com-
plex in TGF-β-induced EMT, we used synthesized
interfering RNAs targeting human USP1 or WDR48
and suppressed endogenous USP1 orWDR48 expres-
sion. USP1 siRNA 2 and WDR48 siRNA 1, which
showed high efficiencies in inhibiting the expression
of the target proteins (Figure 3d–e), were used in the
subsequent experiments. Similar to ML323, both
USP1 and WDR48 knockdown markedly inhibited
TGF-β-induced EMT in MDA-MB-231 (figure 3f)
and MDA-MB-468 cells (Figure 3g).

USP1/WDR48 knockdown inhibited TGF-β-
induced-Smad2/3 and MAPK activation

Considering the fact that the USP1/WDR48 complex
could enhance the in vitromigration and invasion of
the TGF-β-induced TNBC cells, we next investigated
the effect of the USP1/WDR48 complex on the key
components of the TGF-β signaling pathway.
Accordingly, MDA-MB-231 and MDA-MB-468
cells were transfected with USP1 or WDR48 siRNA
and were stimulated with TGF-β at specific time
periods. Consistently, USP1 and WDR48 knock-
down significantly decreased the TGF-β-induced
Smad2/3, Jnk, Erk, and p38 phosphorylation
(Figure 4a–d). In addition, these changes were not
caused by protein degradation because the Smad2/3,
Jnk, Erk, and p38 protein levels were not affected by
USP1 or WDR48 siRNA transfection (Figure 4a–d).
Collectively, these data indicate that the USP1/
WDR48 complex is a positive regulator of the
TGF-β signaling pathway.

USP1/WDR48 complex directly binds to TAK1 and
mediates its stability by downregulating its
polyubiquitination

To determine the molecular targets of the USP1-
WDR48 deubiquitinase complex in the TGF-β signal-
ing pathway, Myc-tagged Smad2, Smad4, TAK1,

TRAF6, and Flag-tagged USP1 were cotransfected
into the HEK293T cells. As shown in Figure 5a,
USP1 could interact with TAK1, but not with
Smad2, Smad4, or TRAF6. Moreover, Myc-tagged
TAK1 and Flag-tagged USP1 and WDR48 were used
to further verify the interaction between the USP1-
WDR48 complex and the TAK1 inHEK293T cells. As
shown in Figure 5b, TAK1 was co-precipitated with
both USP1 and WDR48. Furthermore, endogenous
interaction was observed in the TGF-β-stimulated
MDA-MB-231 cells (Figure 5c). Collectively, these
results imply that USP1 and WDR48 specifically
bind to TAK1. To further illustrate the roles of the
USP1-WDR48 complex after TGF-β stimulation,
ML323 was used to inhibit the function of the endo-
genous USP1-WDR48 complex. As seen in Figure 5d,
the administration of ML323 greatly decreased the
TAK1 expression in the MDA-MB-231 cells. As pre-
viously described, the USP1-WDR48 complex pos-
sessed potent deubiquitinase activity. We thus
investigated the effects of USP1 and WDR48 on
TAK1 ubiquitination. We found that USP1 and
WDR48 significantly inhibited TAK1 ubiquitination
(Figure 5e). Together, these results allude that the
USP1-WDR48 complex promotes TGF-β signaling
by directly binding to TAK1 and downregulating its
polyubiquitination.

Discussion

TNBC is a long-lasting orphan disease with only
little therapeutic progress made in the past several
decades, and it is associated with a high rate of
metastasis. Once metastasis occurs, TNBC has
a high predisposition to involve the critical visceral
organs, eventually leading to a significantly shorter
median overall survival than the other subtypes [1].
However, the molecular mechanism of TNBC pro-
gression and metastasis remains largely unknown.

TGF-β signaling plays a vital role in tumor pro-
gression. Tumor cells secrete abundant TGF-β,
which is the most potent inducer of EMT in epithe-
lial cancers and is a promoter of cell invasion and
metastasis [27,28]. Anti-TGF-β therapies have
proved to be efficacious in inhibiting cancer invasion
and metastasis in animal models [29]. A previous
study reported that the levels of TGF-β1 and TGF-β2
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Figure 3. USP1/WDR48 complex promoted TGF-β-induced EMT. (a–b) MDA-MB-231 and MDA-MB-468 cells treated with or without
TGF-β and ML323 for 12 h, the protein levels of EMT markers were analyzed by western blot. (c) The mRNA expression levels were
analyzed by RT-PCR. (d–e) Western blot and RT-PCR analysis of USP1 (d) or WDR48 (e) expression in MDA-MB-231 and MDA-MB-468
cells transfected with the indicated siRNA for 48 h. (f–g) MDA-MB-231 and MDA-MB-468 cells were transfected with control siRNA,
USP1 siRNA 2, or WDR48 siRNA 1 for 48 h and then stimulated with PBS or TGF-β for 24 h. Western blot analysis of the EMT markers
expression pattern. All representative images were obtained from at least three independent experiments. *P < 0.05, **P < 0.01, ***
P < 0.001, **** P < 0.0001 by Student’s t-test. Error bars are defined as s.d.
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Figure 4. USP1/WDR48 knockdown inhibited TGF-β-induced-Smad2/3 and MAPK activation. (a–d) MDA-MB-231 (a–b) and MDA-MB
-468 (c–d) cells were transfected with control siRNA, USP1 siRNA 2, or WDR48 siRNA 1 for 48 h and stimulated with TGF-β for the
indicated time periods. Western blot analysis of Jnk/p-Jnk, Erk/p-Erk, p38/p-p38, Smad2/p-Smad2, and Smad3/p-Smad3 expression.
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Figure 5. USP1/WDR48 complex directly binds to TAK1 and mediates its stability by downregulating its polyubiquitination. (a)
Lysates from HEK293T cells transiently cotransfected with Flag-USP1 and Myc-Smad2, Myc-Smad4, Myc-TAK1, or Myc-TRAF6 were
subjected to immunoprecipitation with anti-Flag antibody followed by Western blot analysis with anti-Myc antibody. (b) Lysates
from HEK293T cells transiently cotransfected with Myc-TAK1 and Flag-WDR48 or Flag-USP1 were subjected to immunoprecipitation
with anti-Myc antibody followed by Western blot analysis with anti-Flag antibody. (c) Lysates from MDA-MB-231 cells stimulated
with TGF-β for indicated periods were subjected to immunoprecipitation with the TAK1 antibody or control IgG followed by Western
blot analysis with the indicated antibodies. Protein in whole-cell lysate was used as positive control (Input). (d) Western blot analysis
of extracts from MDA-MB-231 cells treated with 30 µM ML323 for 4 h and then stimulated with TGF-β for the indicated time periods.
(e) Western blot analysis of lysates from HEK293T cells transfected with HA-tagged ubiquitin (HA-Ub), Myc-TAK1 and Flag-USP1, or
Flag-WDR48, followed by immunoprecipitation with anti-Myc, probed with anti-HA.
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are higher in TNBC cells than in non-TNBC cells
[30], the aberrant expression of TGF-β1 is associated
with poor prognosis in breast cancer patients [31].
TAK1, which is one of the best characterized non-
Smad signal transducers, plays a critical role in TGF-
β-induced EMT and metastasis by activating the Jnk
and p38 MAPK cascade [13,14,32]. In breast cancer,
past studies have established that TAK1 plays
a critical role in mediating the effects of TRAF4
[33], UBC13 [34], CCN6 [35], and mir-892b [36]
on tumor progression and metastasis. Veenu et al.
found that TGF-β-induced alternative splicing of
TAK1 promotes EMT and drug resistance in breast
cancer cells [23]. Wang et al. reported that NG25,
a synthesized TAK1 inhibitor, greatly enhances the
Dox treatment efficacy in a panel of breast cancer cell
lines [37]. Data from TCGA demonstrate that the
TAK1 levels exhibit a higher expression in TNBC
than in the other subtypes [38]. Oihana et al. demon-
strated that TAK1 mediates microenvironment-
triggered autocrine signals and promotes in vitro
and in vivo lung metastasis of TNBC [38].

Accumulating data have confirmed that sev-
eral USP family members play essential roles in
TGF-β-induced cancer progression as well as in
a diverse set of other human diseases [39]. For
example, USP4 directly deubiquitylates TβRI,
maintaining sustained TβRI levels, and reinfor-
cing pro-tumorigenic functions induced by the
TGF-β receptor in breast cancer cells [40].
USP18 inhibits cardiac hypertrophy and post-
pones cardiac dysfunctioning by modulating the
TGF-β-activated p38/Jnk signaling [41]. In addi-
tion, the USP15 overexpression in systemic
sclerosis fibroblasts decreases ubiquitin-
mediated degradation of the proteins involved
in TGF-β signaling [42]. As a member of the
USP family, USP1 can deubiquitinate a wide
range of substrates, and its deubiquitinase activ-
ity can be enhanced by its binding partner
WDR48 [43,44]. Yu demonstrated that the
USP1/WDR48 complex is a physiological enhan-
cer of TLR3/4-, RIG-I-, and cGAS-induced anti-
viral signaling by targeting TBK1 [45]. Sonego
demonstrated the USP1-linked platinum resis-
tance of cancer cell dissemination by regulating
Snail stability [46]. Ma established that USP1

promotes breast cancer metastasis by stabilizing
KPNA2 [47]. However, the potential roles of
USP1 in TGF-β-induced EMT have not been
reported yet.

In the present study, we identified the USP1/
WDR48 complex as the new regulator of TGF-β-
mediated TNBC migration and invasion. Data
from both Metabric and TCGA databases demon-
strated a high expression of USP1 and WDR48 in
TNBC than in the non-TNBC tissues. Moreover,
the expression pattern of the USP1-WDR48 com-
plex in several cell lines was confirmed by RT-
PCR. Meanwhile, TGF-β markedly increased the
USP1 and WDR48 expressions in the TNBC cells.
ML323 or knocking-down of the USP1/WDR48
complex could potentially decrease TGF-β-
induced TNBC cell migration and EMT.
Moreover, depleting the USP1/WDR48 complex
in TNBC decreased the phosphorylation of TGF-
β-induced Smad2/3, Erk, Jnk, and p38. Moreover,
USP1 and WDR48 were found to directly bind
with TAK1 and downregulate its polyubiquitina-
tion. Cumulatively, these results suggest that the
USP1/WDR48 complex could potentially enhance
the TGF-β-induced EMT and migration of the
TNBC cells by targeting TAK1.

In conclusion, we identified that USP1 and
WDR48 are TGF-β-inducible genes. Furthermore,
we inferred that the USP1/WDR48 complex is
a positive regulator of TGF-β-induced EMT and
migration of the TNBC cells. Our study also defined
a very important mechanism for the regulation of
the USP1/WDR48 complex according to TGF-β-
induced activation of Smad2/3, Erk, Jnk, and p38
by directly interacting with TAK1 and mediating its
stability. Thus, we propose that targeting the USP1/
WDR48 complex may be a promising therapy for
TGF-β-related TNBC.
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