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IKBKE phosphorylates and stabilizes Snail to promote breast
cancer invasion and metastasis
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IKBKE, a non-canonical inflammatory kinase, is frequently amplified or activated, and plays predominantly oncogenic roles in
human cancers, especially in breast cancer. However, the potential function and underlying mechanism of IKBKE contributing to
breast cancer metastasis remain largely elusive. Here, we report that depletion of Ikbke markedly decreases polyoma virus middle T
antigen (PyVMT)-induced mouse mammary tumorigenesis and subsequent lung metastasis. Biologically, ectopic expression of
IKBKE accelerates, whereas depletion of IKBKE attenuates breast cancer invasiveness and migration in vitro and tumor metastasis
in vivo. Mechanistically, IKBKE tightly controls the stability of transcriptional factor Snail in different layers, in particular by directly
phosphorylating Snail, which markedly blocks the E3 ligase β-TRCP1-mediated Snail degradation, resulting in breast cancer
epithelial-mesenchymal transition (EMT) and metastasis. These findings together reveal a novel oncogenic function of IKBKE in
promoting breast cancer metastasis by governing Snail abundance, and highlight the potential of targeting IKBKE for metastatic
breast cancer therapies.
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INTRODUCTION
Update to 2020, breast cancer remains the first occurrence of
estimated new cancer cases (30% of total cancers) and second
cause of cancer mortality (15% of total cancer death) among
women in the United States [1]. The determinant of mortality in
breast cancer patients is mainly due to the tumor metastasis,
including but not limited to the region of lymph nodes, lungs,
bone and brain [2, 3]. Among breast cancers, triple negative breast
cancer (TNBC), commonly occurs among young ages and spreads
in the early stage, leading to inefficient therapies, especially for
targeted therapies [4]. As such, much effort has been devoted to
discover how metastasis develops in breast cancers, including
identification of genetic alterations or dysregulated signaling
pathways that determine metastatic potency raised from non-
dominant cells within primary tumors [5, 6]. These findings will
provide potent strategies for the diagnosis, prognosis and target
therapies of metastatic breast cancer.
Being considered as an important cause of cancer, chronic

inflammation occurs in several malignancies, especially in cervical,
gastric cancer and hepatocarcinoma [7–9]. Specifically, the
classical inflammatory kinases, including IKKα and IKKβ, and their
downstream NF-κB signal, are naturally highly associated with
tumorigenesis [10]. Recently, via high through-put screening
approaches, two non-canonical inflammatory kinases, IKBKE and
TBK1 have been identified to play pivotal oncogenic roles in
breast and lung tumorigenesis, respectively [11, 12]. More
importantly, the oncogenic roles of IKBKE and TBK1 are not only

limited to the activation of inflammation and innate immune
response by activating NF-κB and IRF3/7 pathways, but also
directly enabling other oncogenic hubs such as the AKT kinase
and the YAP transcriptional factor in a phosphorylation-
dependent manner, contributing to tumorigenesis [13–15].
Structurally, IKBKE exhibits more sequence homology with TBK1
than IKKα and IKKβ [11], in addition, IKBKE displayed similar but
not identical with TBK1 by phosphorylating various overlapped
and distinct substrates [16]. Meanwhile, considered as an
inducible kinase, IKBKE could be transcriptionally induced by
various inflammatory factors, such as PMA and LPS [17, 18], and
transduces immune response by activating STAT1 or IRF3/7
pathway [19, 20]. Recently, IKBKE has also been identified as a
potential prognosis biomarker for the diagnosis of ovarian and
lung cancer patients [21, 22]. Interestingly, the novel roles of IKBKE
in TNBC have also been evaluated by activating STAT3-mediated
cytokine networks or manipulating TRAF2 activity [23, 24].
Although IKBKE has been considered for regulating breast cancer
migration [25], how IKBKE contributes to breast cancer metastasis,
especially in mouse models is not defined yet.
Epithelial-mesenchymal transition (EMT), a progress that

epithelial cells acquire fibroblast-like properties by reducing
intercellular adhesion and increasing motility, has been consid-
ered as a hallmark of motility and invasiveness of tumor cells
[26, 27]. More importantly, it’s believed that EMT also contributes
to cancer chemoresistance and cancer stem cells (CSCs) susten-
tion, and plays important roles in tumor recurrence and metastasis
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[28, 29]. Accumulating evidence indicates that several transcrip-
tion factors, such as Snail/Slug, Twist and dEF1/ZEB1 are
predominantly implicated in the control of EMT [26, 27], among
which Snail has been demonstrated as one of the most important
central regulators of epithelial cell adhesion during embryo
development [30]. Due to its central roles in governing EMT, Snail
undergoes a tightly governing manner, such as in the levels of
miRNAs-mediated post-transcriptional control [31, 32] or kinases
(such as GSK-3β, PAK1 and PKD1)-mediated post-translational
modifications [33–35].
In this study, we reveal the dominant roles of IKBKE in breast

cancer metastasis, and demonstrate that Ikbke depletion prevents
MMTV-PyVMT mouse mammary epithelial hyperplasia and tumor
formation, as well as remarkably decreases or delays mammary
tumor lung metastasis. Biologically, IKBKE could promote breast
cancer cell EMT and metastasis by stabilizing Snail, largely in a
phosphorylation dependent manner, which proposes a potential
strategy to combat breast cancer invasion and metastasis by
targeting IKBKE.

MATERIALS AND METHODS
Cell culture and transfection
HEK293, HEK293T cells and mouse mammary immortalized cell NmuMG
were cultured in DMEM medium supplemented with 10% FBS. Breast
cancer cell lines including MCF7 and MDA-MB231 were culture in MEM
medium or L15 medium supplemented with 10% FBS. Human breast MDA-
MB-231 cells with lung metastatic potential and luciferase (MDA-MB231-
Luc-D3H2LN) were cultured in DMEM medium (as a gift from Dr. Junchao
Cai, Sun Yat-sen University). HEK293-sgAKT1 cell line were generated via a
CRISPR/CAS9 method as described before [36].
Cell transfection was performed as described previously [36]. Lentiviral

encoding or shRNA virus packaging and subsequent infection were
performed according to the protocols described previously [36]. Following
viral infection, cells were maintained in the presence of hygromycin (200
μg/ml) or puromycin (1 μg/ml), depending on the viral vectors used to
infect cells.
Insulin (Invitrogen 41400-045), Mk2206 (Selleck, S1078), NF-κB inhibitor

QNZ (Selleck, S4902), TNFα (R&D, 210-TA-005), MG132 (Selleck, S2619),
Cycloheximide (CHX) (MCE, HY-12320), Compound 1 (COMP1) (Selleck,
S8922) were used at the indicated doses.

Plasmid construction
The pCMV-Myc tagged IKBKE, Myc-myr-IKBKE and Myc-DN-IKBKE-K38A
were described previously [11]. β-TRCP1 construct was obtained from Dr.
Wei lab at BIDMC, Harvard Medical School. Flag-Snail, CMV-GST-Snail,
pGEX-4T1-Snail were constructed by sub-cloning the Snail cDNA into
pCDNA3-Flag, pCMV-GST and pGEX-4T-1, respectively. Snail-S165A and
-S165D mutants were obtained via Q5 Site-Directed Mutagenesis Kit (New
England Biolabs) according to the manufacturer’s instructions.

Antibodies
Anti-Ki67 (ab16667) and anti-thiophosphate ester (ab92570) antibodies
were purchased from Abcam. Anti-Cleaved Caspase3 (#9579), anti-IKBKE
(#3416), anti-E-Cadherin (#14472), anti-Myc-tag (#2276), anti-Snail (#3879),
anti-N-Cadherin (#13116), anti-Vimentin (#5741), anti-AKT1 (#75692), anti-
GSK-3β (#12456), anti-ZO-1 (#13663) and anti-GST (#2625) antibodies were
purchased from Cell Signaling. Anti-Actin antibody (sc-69879) was
purchased from Santa Cruz. Anti-GAPDH antibody (60004-1-Ig) was
purchased from Proteintech. Anti-Flag (F1804, clone M2) and anti-
Vinculin (V4505) antibodies were purchased from Sigma. Peroxidase-
conjugated anti-mouse secondary antibody (115-035-003) and anti-rabbit
secondary antibody (111-035-003) were purchased from Jackson. Anti-
pS165-Snail poly-antibodies were generated by ABclonal with the peptide
NKEYL(pS)LGALK as antigen.

Immunoprecipitation, GST pull-down assays and western blot
Cells were lysed in EBC buffer (50mM Tris pH 7.5, 120mM NaCl, 0.5% NP-
40) supplemented with protease inhibitors (cOmplete™ Protease Inhibitor
Cocktail, Roche) and phosphatase inhibitors (PhosSTOP, Roche). The
protein concentrations of whole cell lysates were measured by Pierce™

BCA Protein Assay Kit (23225). Equal amounts of whole cell lysates were
resolved by SDS-PAGE and immunoblotted with indicated antibodies. For
immunoprecipitation, 1000 μg lysates were incubated with the indicated
antibody (1–2 μg) for 3–4 h at 4 °C followed by 1 h incubation with Protein
A/G sepharose beads (GE Healthcare). For GST pull-down assays, 1000 μg
lysates were incubated with glutathione sepharose 4B (GE Healthcare) for
2 h at 4 °C. The immunoprecipitants were washed five times with NETN
buffer (20mM Tris, pH 8.0, 150mM NaCl, 1 mM EDTA and 0.5% NP-40)
before being resolved by SDS-PAGE and immunoblotted with indicated
antibodies. All antibodies were used at a 1:1000 dilution in TBST buffer
with 5% BSA for western blot. Quantification of the immunoblot band
intensity was performed with Image J software.

In vivo ubiquitination assay
HEK293T cells were transfected with His-Ub and the indicated constructs.
Thirty-six hours after transfection, cells were treated with 10μM MG132 for
12 h and washed with PBS twice, and then were lysed in buffer A (6 M
guanidine-HCl, 0.1 M Na2HPO4/NaH2PO4, and 10mM imidazole [pH 8.0])
and subjected to sonicate. After high-speed centrifuged, the supernatants
were incubated with nickel-beads (Ni-NTA) (QIAGEN) for 3 h at room
temperature. The products were washed twice with buffer A, twice with
buffer A/TI (1 volume buffer A and 3 volumes buffer TI), and one time with
buffer TI (25 mM Tris-HCl and 20mM imidazole [pH 6.8]). The pull-down
proteins were resolved in 10% SDS-PAGE for immunoblot analysis.

Immunofluorescence staining
Briefly, cells grown on glass coverslips were fixed in methanol at−20 oC for
20m, blocked with 10% goat serum, and then incubated with primary
antibodies (1:200) targeting Snail, E-cadherin, Vimentin and ZO-1 overnight
at 4oC, washed thrice with PBS, and then incubated with 546 Alexa (red)-
labeled secondary antibodies (Molecular Probes, Orlando, FL). The DNA
dye DAPI was used to counterstain the nuclear DNA.

In vitro kinase assays
IKBKE in vitro kinase assay was performed as previously described [37, 38].
Briefly, the reaction was carried out in the presence of 100 ng ATP-γ-S
(ab138911) and 200 μM cold ATP in 30 μl kinase buffer containing 50mM Tris
(pH 7.5), 10mMMgCl2 and 2mM DTT. After incubation at 30 °C for 30min, the
reaction was stopped by adding in final concentration of 0.1mM EDTA, and
then p-Nitrobenzyl mesylate (ab138910) was used to alkylate the thiopho-
spholyation site on the substrates. The reaction was stopped by adding SDS
loading buffer and then subjected to western blot assay. Anti-Thiophosphate
ester antibody (ab92570) was used to identify the tagged substrates.

Breast cancer tissues, TMA and IHC staining
Breast cancer tissues were obtained from Department of Breast and
Thyroid Surgery at the First Affiliated Hospital, Sun Yat-sen University.
Tissue array (BC081120d) containing 10 cases of adjacent normal breast
tissues, 100 cases of ductal carcinoma were obtained from Biomax. The
mammary and lung tissue samples from mice were fixed in 10% neutral
buffered formalin, embedded in paraffin, and cut into 4 μm sections. These
samples were deparaffinized, rehydrated, and subjected to heat-mediated
antigen retrieval. The tissue sections were stained with hematoxylin-eosin
(H&E). For IHC staining, the sections were incubated with 3% H2O2 for 15
min and protein blocking reagents (Dako #X0909) for 5 m. Sections were
then incubated with indicated antibodies diluted in Dako diluent with
background reducing components (Dako#S3022) for 1 h at room
temperature. Following primary antibody incubation for IKBKE (Sigma,
1:200), pS165-Snail (ABclonal, 1:100), sections were incubated with
monoclonal mouse anti-rabbit immunoglobulins (Dako#M0737) for 30
min at room temperature. Afterwards, sections were incubated with
Envision+ System-HRP Labeled Polymer Anti-Rabbit (Dako #K4003) for 30
min. All sections were developed using the DAB chromogen kit
(Dako#K3468) and lightly counterstained with hematoxylin.

Purification of GST-tagged proteins from bacteria
Recombinant GST-conjugated Snail was generated by transforming the
BL21 (DE3) E. coli strain. Starter cultures (5 ml) grown overnight at 37 °C
were inoculated (1%) into larger volumes (500ml). Cultures were grown at
37 °C until an O.D. of 0.8, following which protein expression was induced
for 12–16 h using 0.1 mM IPTG at 16 °C with vigorous shaking.
Recombinant proteins were purified from harvested pellets. Pellets were
re-suspended in 5ml EBC buffer and sonicated. Insoluble proteins and cell
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debris were discarded following centrifugation in a table-top centrifuge
(13000 rpm/4 °C/15min). Each 1ml supernatant was incubated with 50 µl
of 50% Glutathione-sepharose slurry (Pierce) for 3 h at 4 °C. The
Glutathione beads were washed 3 times with PBS buffer and eluted by
elution buffer. The purified proteins were analyzed by coomassie blue
staining and quantified with BSA standards.

Mass spectrometry analyses
Mass spectrometry was used to map the phosphorylation sites of Snail by
IKBKE as previously reported [36]. After separation of in vitro IKBKE/Snail
kinase reactions in SDS-PAGE, Snail bands were excised and washed.
Proteins were reduced with Tris(carboxyethyl) phosphine and alkylated
with iodoacetamide. Samples were digested overnight with modified
sequencing grade trypsin (Promega, Madison, WI). Peptides were extracted
and concentrated under vacuum centrifugation. A nanoflow liquid
chromatograph (U3000, LC Packings/Dionex, Sunnyvale, CA) coupled to
an electrospray hybrid ion trap mass spectrometer (LTQ Orbitrap, Thermo,
San Jose, CA) was used for tandem mass spectrometry peptide
sequencing. Sequences were assigned using Mascot data base searches.
Phosphorylated serine, threonine, and tyrosine were selected as variable
modifications, and as many as 2 missed cleavages were allowed.
Assignments were manually verified by inspection of the tandem mass
spectra and coalesced into Scaffold.

Quantitative RT-PCR
Total RNA was isolated from the cells using TRIzol Reagent (Invitrogen),
and 1 μg of each RNA sample was reverse transcribed to cDNA which was
subsequently analyzed by quantitative PCR. All reactions were carried out
in triplicate. Relative gene expression was calculated using the 2-ΔΔCt

method. Housekeeping gene glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as internal controls to normalize target mRNA
expression. Primer sequences used were E-cadherin forward (5’-GG
CCTGAAGTGACTCGTAACGA-3’) and reverse (5’-GCTCAGACTAGCAGCTTCG
GAAC-3’), N-cadherin forward (5’-CCTGCTTATCCTTGTGCTGA-3’) and
reverse (5’-CCTGGTCTTCTTCTCCTCCA-3’), Vimentin forward (5’-CAAAGCAG
GAGTCCACTGAG-3’) and reverse (5-TAAGGGCATCCACTTCACAG-3’), Snail
forward (5’-CACATCCGAGTGGGTTTGG-3’) and reverse (5’-CCACTGCAACC
GTGCTTTT-3’), or GAPDH forward (5’-CATGTTCGTCATGGGTGTGAACCA-3’)
and reverse (5’-AGTGATGGCATGGACTGTGGTCAT-3’).

Wound healing and trans-well invasion assays
Would healing assays were carried out as previously described [39]. In vitro
invasion assays were performed using 6-well, 8 μm pore trans-well inserts
(Becton Dickinson). Cells were first resuspended in Matrigel (Becton
Dickinson) for invasion assays. We seeded 5 × 104 cells in 200 μl of serum-
free growth medium in the upper chamber, and 600 μl of medium with
chemo-attractant (10% FBS) was added to the lower chamber. Cells were
incubated at 37 °C for 24 h, then fixed in 10% (wt/vol) buffered formalin
and stained with 0.05% crystal violet (Sigma). Cells on the upper surface
were removed with a cotton swab, and migrated cells on the underside
were counted (average of 10 fields/trans-well).

Flow cytometry analysis
For CD44/CD24 flow cytometry analysis, resuspend cells in PBS containing
2% BSA at the density of 1 × 106 incubated with CD44-PE (BD, 1:50 dilution)
and CD24-APC (BD, 1:50 dilution) antibody. After washed twice with PBS
containing 2% BSA, resuspend cells in 500 ul PBS and subjected for flow
cytometry analyses.

Mammosphere formation assays
3000 cells/well were plated into 12-well ultra-low attachment plates
(Corning) in serum-free mammary cell growth medium (MammoCult
Media, STEMCELL Technologies). Fresh media were changed every 4 days.
Floating sphere that grew in 1–2 weeks were counted and taken pictures.
Under each condition, experiment was determined in triplicated. Results
were representative of three independent experiments.

Mouse assays
FVB/N-Tg(MMTV-PyVMT)-transgenic mice and B6.Cg (Ikbke-/-)tm1Tman mice
were obtained from the Jackson Laboratory. These mice were housed in a
specific pathogen-free environment. We took a stepwise strategy to
generating female MMTV-PyVMT/Ikbke-/- mice and MMTV-PyMT/Ikbke+/

+mice with C57BL/6 background; the offspring were genotyped by PCR of
genomic DNA derived from tail clippings. Only virgin female mice were
used for experiments, in which 100% of PyVMT/Ikbke+/+ mice developed
mammary carcinomas. For the assessment of multifocal dysplastic lesions,
young mice between the ages of 4 and 8 weeks were used. For the
evaluation of palpable tumor onset, the mice were monitored twice weekly
for mammary tumors by palpating. For histologic analysis, sections of
tumors and inflated lungs were fixed in 10% buffered formalin, embedded
and stained.
For tail vein injections, 1 ×106 cells were injected, and mice were

sacrificed six weeks post-injection. For orthotopic injection, 5 × 106 cells
were injected into the left #4 mammary fat pad of anesthetized (isofluorane)
nu/nu mice (Sun Yat-sen University). Mice were monitored twice weekly for
tumor growth. Animals were killed when tumors reached a mean cross-
sectional area of 400 mm3.The number of lungs with surface metastases
were determined, as well as the number of surface metastases per lung by
examination under a dissecting microscope, as described elsewhere.
For COMP1 treatment experiments, mice bearing tail-vein injected cells

were imaged and separated into two comparable groups (8 mice/group).
The lung image was monitored once/three days. The inhibitor COMP1 (15
mg/kg, once/three days, oral) or the vehicle was administrated. 32 days
after injection, the mice were sacrificed and subjected for lung tumor
staining.

Ethics statement
All experimental procedures were approved by the Institutional Animal
Care & Use Committee (IACUC, RN150D) at Sun Yat-sen University with
protocol. The research projects that are approved by the IACUC are
operated according to the applicable Institutional regulations. The Institute
is committed to the highest ethical standards of care for animals used for
the purpose of continued progress in the field of human cancer research.

Statistics
Differences between control and testing cells were evaluated by Student’s
t test. For mice tumor formation analysis were carried out by Kaplan-Meier
curve (Log-rank test at < 0.05). The correlation of IKBKE expression with L.N.
and Snail phosphorylation was analyzed with Chip-square analysis. These
analyses were performed using the Prism 7 Software and p < 0.05 was
considered statistically significant.

RESULTS
Depletion of Ikbke attenuates MMTV-PyVMT-induced mouse
mammary tumorigenesis and lung metastasis
Although the oncogenic role of IKBKE in promoting breast
tumorigenesis has been well established by activating the NF-κB
signal [11], whether and how IKBKE modulates breast tumor
invasion and metastasis are not well defined. To this end, we
initially assessed the physiological functions of Ikbke in mouse
mammary development by depletion of Ikbke, and could not
observe detectably impaired mouse mammary gland develop-
ment. By contrast, depleting Ikbke significantly decreased PyVMT-
induced mammary tumor genesis and development, indicated by
the hyperplastic nodule formation in the mammary glands of mice
(Fig. 1A). Interestingly, the mammary ductal cells derived from
MMTV-PyVMT;Ikbke-/- (termed as PyVMT;Ikbke-/-) mice displayed
proliferative disadvantage indicated by the staining of prolifera-
tive marker Ki67, at as early as 4 weeks after birth compared with
those derived from PyVMT;Ikbke+/+ mice (Fig. 1B). In keeping with
this notion, Ikbke knockout dramatically prolonged the onset time
for mammary tumors derived from PyVMT;Ikbke-/- mice compared
with those from PyVMT;Ikbke+/+ mice (93 days versus 68 days,
Fig. 1C), coupled with a markable reduction of tumor numbers
(Fig. 1D). In addition, the mammary tumors derived from PyVMT;
Ikbke-/- mice exhibited a lower proliferation (Ki-67) and higher
apoptosis (cleaved Caspase 3) features compared with those
derived from PyVMT;Ikbke+/+ mice (Fig. 1E, F).
To further reveal the malignant functions of IKBKE in vivo, we

observed that the lung metastases of mammary tumors were
compromised around four times in PyVMT;Ikbke-/- mice compared
with PyVMT;Ikbke+/+ mice (Fig. 1G, H). Notably, compared with
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Ikbke-wild type (WT) mice, Ikbke- knock-out (KO) mice exhibited a
significant decrease in lung nodules formation (Fig. 1I, J). These
findings together demonstrate that IKBKE also plays a pivotal role
in promoting PyVMT-induced mammary tumor initiation, progres-
sion, and lung metastasis.

IKBKE promotes breast cancer cell invasion, migration, and
lung metastasis
To further validate the migratory and invasive properties of IKBKE
in breast cancer, we knocked down IKBKE in breast cancer MDA-
MB-231-luc cells, and observed that decrease of IKBKE not only

repressed cell growth (Figure S1A), but also markedly reduced cell
migration and invasion capabilities compared with the counter-
part cells (Fig. 2A–C, Figure S1B, C). Consistent with the previous
findings that IKBKE serves as an oncoprotein in breast cancer [11],
depletion of IKBKE reduced the tumor formation in orthotopic
mouse models (Fig. 2D, E, Figure S1D). More interestingly, mice
bearing IKBKE-deficient tumors also exhibited a lesser extent of
mammary tumor lung metastasis (Fig. 2F, G, S1E). To further verify
the metastatic feature of IKBKE-deficient cells, we employed a tail-
vein injection mouse model (Fig. 2H), and observed that depleting
IKBKE alleviated MDA-MB-231 cells lung translocation (Fig. 2I–K).

Fig. 1 Depletion of Ikbke reduces PyVMT-induced mammary tumorigenesis and lung metastasis. A, B Mammary tissues derived from WT
or PyVMT transgene mice crossed with or without Ikbke-/-mice (6 mice/group) were stained with H&E (A) or Ki67 (B, lef panel). The staining of
Ki67 was further quantified (B, right panel). Data are expressed as mean ± SD. *p < 0.05, ** p < 0.01 (Student t test). C The percentage of mice
with mammary tumors was calculated and illustrated based on the mammary tumor formation among PyVMT transgene mice crossed with or
without Ikbke-/-mice (20 mice/group). D The mammary tumor numbers derived from (C) were calculated after born 80 days and plotted. Data
are expressed as mean ± SD. *p < 0.05, ** p < 0.01 (Student t test). E, F Mammary tumors derived from PyVMT transgene mice crossed with or
without Ikbke-/- mice (6 mice/group) were dissected after born 80 days and subjected for staining with indicated antibodies (E), which was
further quantified (F). Data are expressed as mean ± SD. *p < 0.05, ** p < 0.01 (Student t test). G Lung tissues were obtained from PyVMT
transgene mice crossed with or without Ikbke-/- mice after born 90 days (16 mice/group). H The lung metastasis of mammary tumor-derived
from (G) were calculated and presented. I Lung tissues derived from (G) were dissected and stained with H&E (I), and the mammary tumor
lung metastasis nodules were calculated and plotted (J). Data are expressed as mean ± SD. *p < 0.05, **p < 0.01 (Student t test).
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These data together evidence that IKBKE depletion not only
abrogates breast tumor formation, but also predominantly
attenuates breast tumor lung metastasis.
To investigate whether the kinase activity is essential for IKBKE

modulating breast cancer cell lung metastasis, IKBKE/TBK1 specific
inhibitor Compound 1 (COMP1) was employed [40], which could
dramatically decrease breast cancer cell lung metastasis
(Fig. 2L–N), coupled with decreased tumor cell proliferation
(Fig. S1F, G). Since COMP1 also targets IKBKE cousin protein
TBK1 [40], to validate the important roles of IKBKE in mediating
breast cancer malignancies, we depleted IKBKE in breast cancer

cells (Figure S1H), and observed that COMP1 administration could
only attenuate intact but not IKBKE deficiency-induced cell
invasion and migration phenotypes (Figure S1I–L). This finding
indicates that COMP1 represses cancer cell malignancies mainly
via targeting IKBKE kinase. Next, we ectopically expressed
constitutively active IKBKE (Myr-IKBKE) in breast cancer MCF7
cells (Figure S2A). The results showed that ectopic expression of
IKBKE could strongly enhance cell invasion and migration assessed
with wound healing and trans-well migratory assays
(Figure S2B–E), suggesting that high expression of IKBKE could
promote breast cancer malignant phenotypes.
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IKBKE promotes EMT process and results in cancer stem cell
maintenance
It’s well known that epithelial cell transfers to the invasive and
migrative phenotype mainly via an epithelial-mesenchymal
transition (EMT) process [26]. Thus, we intended to detect whether
IKBKE induced breast cancer metastasis was realized by promoting
the cellular EMT. To this end, we initially employed a mouse
mammary cell line NmuMG, and observed that enforcing
expression of IKBKE could strongly decrease the epithelia markers
E-cadherin and ZO-1 expression, whereas increase the mesench-
ymal marker Snail and Vimentin expression (Fig. 3A). Consistent
with these findings, ectopically expressing constitutively active,
but not kinase dead (DN, K23A) IKBKE decreased E-cadherin
expression, coupled with increased N-cadherin, Vimentin and Snail
expression (Fig. 3B). To further reveal the potential mechanism of
IKBKE in promoting EMT, we detected the mRNA levels of EMT
markers and observed that active IKBKE significantly down-
regulated E-cadherin, while upregulated N-cadherin and Vimentin
expression, but mildly influenced Snail expression (Fig. 3C). In
keeping with this notion, depletion of IKBKE could markedly
modulate these EMT markers (Fig. 3D). These observations
together illustrate that IKBKE regulates EMT possibly by regulating
Snail abundance, leading to Snail-dependent transcriptional
control of other EMT markers such as E-cadherin, N-cadherin,
and Vimentin [30].
EMT is considered as an important driver event for stem cell

initiation and maintenance [29], and the breast cancer stem cell
(BCSC) has been reported an close association with cell metastasis
and EMT processing [41]. Although the potential role of IKBKE in
regulating BCSC has been recently reported [42], here we
observed that enforcing expression of active IKBKE enhanced
the side population cells of CD44postive/CD24negative, specific
biomarker of BCSC (Fig. 3E, F) in MCF7 cells [43]. We further
hypothesized that IKBKE might control BCSC traits via governing
the EMT process. In support of this model, we found that IKBKE
dramatically enhanced BCSC traits such as sphere formation
(Fig. 3G, H). Consistent with these findings, depletion of IKBKE
could robustly decrease the side population of CD44postive/
CD24negative (Fig. 3I, J) and sphere formation (Fig. 3K, L) in MDA-
MB-231 cells. These findings coherently suggest that IKBKE plays
an important role in sustaining BCSC characteristics.

IKBKE stabilizes Snail partially by activating AKT/GSK-3β and
NF-κB signals
Since IKBKE elevates Snail in protein level, but not mRNA level
(Fig. 3B, C), we hypothesized that IKBKE regulated Snail protein at
the post-translational level. To test this hypothesis, we detected
Snail protein half-life, and observed that the presence of active,
but not kinase-dead, IKBKE could dramatically prolong Snail half-
life (Fig. S3A, B). Inconsistent with this finding, depletion of IKBKE

could markedly repress Snail half-life (Fig. 4A, B). To assess
whether IKBKE could regulate Snail ubiquitination, we performed
in vivo ubiquitination assays and observed that the active form
but not DN form of IKBKE compromised Snail ubiquitination
(Fig. 4C). On the other hand, depletion of IKBKE resulted in
endogenous Snail ubiquitin conjugation (Fig. 4D). To further study
the potential function of IKBKE kinase activity, shortened Snail
half-life and elevated ubiquitin conjugation were observed upon
administration of IKBKE inhibitor COMP1 (Fig. 4E–G, S3C, D). These
data together imply that IKBKE promotes Snail stability by
decreasing its ubiquitination and degradation.
It is previously reported that two major signaling pathways are

defined in governing Snail protein stability. One is GSK-3β-
mediated Snail phosphorylation and degradation [33], the other is
NF-κB/CSN2 axis-mediated regulation of Snail E3 ligase β-TRCP1
[44]. Since AKT has been validated as a direct substrate of IKBKE
[13, 14], and could directly phosphorylate and inhibit GSK3β [45],
thus, we first asked whether IKBKE stabilized Snail via manipulat-
ing AKT/GSK3β-mediated Snail degradation. To this end, we
observed that depletion of AKT1 only partially decreases IKBKE-
induced Snail protein stability (Fig. 4H). Notably, depletion of the
IKBKE-mediated decrease of Snail could be only mildly rescued by
activating AKT via insulin stimulation (Fig. 4I). Moreover, GSK3β, a
major target of AKT in regulating Snail, and its active form GSK-3β-
S9A only mildly decreased IKBKE-induced Snail stabilization
(Fig. S3E). Collectively, our observations indicate that IKBKE
stabilizes Snail only partially depending on its modulation of
AKT/GSK-3β signaling.
In addition, NF-κB pathway was also reported to play an

important role in stabilizing Snail toward inflammatory stimuli
[44]. As a member of IκB kinase, IKBKE was clearly demonstrated
to activate NF-κB pathway in various ways [37, 46], so we sought
to detect whether IKBKE induced Snail stabilization was mediated
by the NF-κB/CSN2 pathway. To this end, we found that TNFα, but
not IKBKE, increased Snail abundance had been abrogated by
blocking the NF-κB pathway via transfected the supper-inhibitor
IκBα-DN (Fig. 4J) [47]. More importantly, repressing both AKT and
NF-κB pathways by knocking out AKT1 and treating with NF-κB
inhibitor QNZ, only partially decreased IKBKE-induced Snail
abundance (Fig. 4K), indicating that except AKT/GSK3 and NF-κB
pathways, other ways are involved in IKBKE regulating Snail
stability (Fig. 4L).

IKBKE directly phosphorylates and stabilizes Snail
To investigate the connection of IKBKE with Snail, we observed that
IKBKE interacted with Snail both in cells (Fig. 5A, S4A, B) and in vitro
(Fig. 5B). As a serine/threonine kinase, IKBKE has been reported to
phosphorylate many downstream substrates [16], so we tended to
confirm whether IKBKE could directly phosphorylate Snail. To this
end, we performed in vitro kinase assays and found that IKBKE could

Fig. 2 Knockdown of IKBKE compromises breast cancer malignant phenotypes. A MDA-MB-231-luc cells were infected with independent
shRNAs against IKBKE, and selected with puromycin (1 μg/ml) for 72 h, then harvested for Immunoblot (IB) analysis. B Resulting cells were
subjected to Matrigel-based invasion assays. C The invasive cell numbers were calculated and plotted. Experiment was determined in
triplicated. Results were representative of three independent experiments. Data are expressed as mean ± SD. **p < 0.01 (Student t test). D Cells
generated in (A) were subjected to orthotopic assays by injecting cells into the mammary tissues as indicated (6 mice/group). E The photon
flux of the tumor luciferase was monitored each 4 days. *p < 0.05 (Student t test). F The photon flux of the tumor luciferase derived from
mammary or lung were imaged after injecting the cells for 63 days. G At that time, the lung tissues were dissected and stained with H&E to
measure the mammary tumor lung metastasis by calculating the tumor nodules and plotted. Data are expressed as mean ± SD. **p < 0.01
(Student t test). H Cells generated in (A) were subjected to tail-vein injection assays by tail vein injecting the cells into the nude mice as
indicated (6 mice/group). I The photon flux of the tumor luciferase was monitored in day 0 and 49 after injecting the cells. J At that time, the
lung tissues were dissected, and H&E staining was performed. K Mammary tumor lung metastasis nodules were calculated and plotted. Data
are expressed as mean ± SD. *p < 0.05 (Student t test). L–N MDA-MB-231-luc cells were used for tail-vein injection assays and then subjected
for COMP1 administration assays (L). After that, mice bearing tumor cells were divided into two comparable groups dependent on the
intension of photon flux after tail-vein injection (day -1) (8 mice/group). After another 15 days, COMP1 (15mg/kg) and vehicle were orally
administrated every 3 days (L), the photon flux of the tumor luciferase was monitored in day -1 and 32 after injecting the cells (M, N). Data are
expressed as mean ± SD. *p < 0.05 (Student t test).
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directly phosphorylate Snail (Fig. 5C, S4C–E). To identify the
phosphorylated site(s), the Snail immunoprecipitants derived from
cells transfected with active IKBKE individually or treatment with
COMP1 were subjected to Mass Spectrometry (MS) analyses, several
phosphorylation residues enhanced by IKBKE and repressed by
COMP1 were selected (Figure S4F). Of note, among the detected
phosphorylation residues (Fig. S4G), serine165 (S165) at Snail was
identified not only conserved in other Snail members (Slug and
Snail3) but also evolutionally conserved among different species,
which resides in a typical IKBKE phosphorylated substrate motif (Y/P-
x-pS/T-L/F) (Fig. 5D, E) [37]. To testify the phosphorylation at S165 of
Snail, we substituted S165 to A165 (S165A-Snail) and observed that
IKBKE-mediated Snail phosphorylation was largely attenuated, which
were detected with both phos-tag (Figure S4H, I) and in vitro kinase
assays (Fig. 5F). To detect the physiological phosphorylation of Snail,

we generated antibodies against phospho-Snail-S165, which could
specifically recognize pS165-Snail in a dot blot assay (Fig. S4J), and
activated IKBKE could phosphorylate the S165 site of Snail
(Figure S4I). More importantly, this phospho-antibody could detect
the phospho-Snail in vitro kinase assays (Fig. 5G, H). Consistently,
IKBKE inhibitor COMP1 could markedly abrogate IKBKE-induced
Snail phosphorylation at S165 (Fig. 5I). These observations together
indicate that IKBKE directly phosphorylates Snail at Ser165.
As β-TRCP1 is a well-established Snail E3 ligase and plays

important roles in degradation of Snail [33], we hypothesized that
IKBKE-mediated phosphorylation of Snail blocked its interaction
with β-TRCP1. As a result, Myr-IKBKE dramatically diminished the
ubiquitination of Snail-WT but not S165A-Snail (Fig. 5J), possibly
resulted from the reason that Myr-IKBKE abrogated the binding of
Snail with β-TRCP1 induced by IKBKE (Fig. 5K). Consistently, Snail-

Fig. 3 IKBKE facilitates breast cell EMT and stemness. A Mouse non-transformed mammary gland epithelial cell line NmuMG was infected
with IKBKE encoding virus and selected with puromycin (1 μg/ml) for 5 days and subjected to IF staining with indicated antibodies. Scale bar
20 μm. B, CMCF7 cells were infected with IKBKE encoding virus and selected with puromycin (1 μg/ml) for 5 days and harvested for IB analysis.
C The mRNAs were obtained from the cells generated in (B) subjected to qRT-PCR assays. An experiment was determined in triplicated. Results
were representative of three independent experiments. Data are expressed as mean ± SD. #p > 0.05, *p < 0.05, **p < 0.01 (Student t test). D
MDA-MB-231 cells were infected with shRNA against IKBKE and selected with puromycin (1 μg/ml) for 5 days and harvested for IB analysis. E
Cells generated in (B) were stained with CD24 and CD44 and subjected to flow cytometry analysis. F The CD24-/CD44+ cell numbers were
calculated and plotted. An experiment was determined in triplicated. Results were representative of three independent experiments. Data are
expressed as mean ± SD. *p < 0.05 (Student t test). G, H Cells generated in (B) were subjected for sphere formation assays (G), after passage 3
generations, the sphere formation rates were calculated (H). The experiment was determined in triplicated. Results were representative of
three independent experiments. Data are expressed as mean ± SD. **p < 0.01 (Student t test). I, J Cells generated in (D) were stained with CD24
and CD44 antibodies and subjected to flow cytometry analysis (I), the CD24-/CD44+ cell numbers were calculated and plotted (J). An
experiment was determined in triplicated. Results were representative of three independent experiments. Data are expressed as mean ± SD.
*p < 0.05 (Student t test). K, L Cells generated in (D) were subjected for sphere formation assays (K), after passage 3 generations, the sphere
formation rates were calculated (L). Experiment was determined in triplicated. Results were representative of three independent experiments.
Data are expressed as mean ± SD. *p < 0.05, **p < 0.01 (Student t test).
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Fig. 4 IKBKE stabilized Snail partially depending on NF-κB and AKT/GSK3 pathways. A MDA-MB-231 cells infected shRNAs against IKBKE
were treated with CHX (100 μg/ml) for indicated time course and subjected to IB analysis. B The relative Snail protein levels normalized with
corresponding Actin was plotted. An experiment was determined in triplicated. Results were representative of three independent
experiments. Data are expressed as mean ± SD. *p < 0.05 (Student t test). C, G IB analysis of whole cell lysate (WCL) and His-pull down products
derived from HEK293T cells transfected with indicated constructs and treated with MG132 (10 μM) for 12 h after cells treated without (C) or
with (G) IKBKE inhibitor COMP1 (5 μM) for 12 h. D Cells generated in (A) were treated with MG132 (10 μM) for 12 h and subjected to
immunoprecipitated. IgG was used as a negative control. E, F MDA-MB-231 cells were administrated with COMP1 (5 μM) or DMSO overnight
and further treated with CHX (100 μg/ml) for indicated time course, then subjected to IB analysis. F The relative Snail protein levels normalized
with corresponding Actin was plotted. An experiment was determined in triplicated. Results were representative of three independent
experiments. H CRISPR/Cas9-edited AKT1 knockout HEK293 and parental cells were transfected with indicated constructs and subjected to IB
analysis. Data are expressed as mean ± SD. *p < 0.05, **p < 0.01 (Student t test). I Cells generated in (A) were serum-starved for 12 h and treated
with or without AKT inhibitor MK2206 (1 μM) before stimulated with insulin (0.1 μM) 5 h. The resulting cells were subjected to IB analysis with
indicated antibodies. J HEK293T cells were transfected with indicated constructs and treated with or without TNFα (1 ng/ml) for 24 h before
harvested for IB analysis. K AKT1 knockout HEK293 cells were transfected with indicated constructs and treated with or without NF-κB inhibitor
QNZ (10 μM) for 12 h before harvested for IB analysis. L Illustration of IKBKE functions in the regulation of Snail stability in multiple ways.
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Fig. 5 IKBKE directly phosphorylates Snail. A IB analysis of WCL and IP products derived from MDA-MB-231 cells. IgG was used as negative
control. B GST-pull down assays were performed with bacterially purified GST-Snail and WCL derived from HEK293T cells transfected with
Myc-IKBKE. C, D In vitro kinase assays were performed with the recombinant IKBKE as the source of kinase and bacterially purified GST-Snail as
the substrate. The kinase products were subjected to IB analysis (C) and mass spectrometry analysis (D). E Sequence analysis of the amino
acids among different species and snail family members. Highlight is the conserved motif of putative IKBKE phosphorylation substrate as
listed at the top. F, G In vitro kinase assays were performed with the recombinant IKBKE kinase and bacterially purified GST-Snail wild-type
(WT) and S165A mutant. The in vitro kinase products were detected with indicated antibodies. H WT and DN-IKBKE were ectopically
expression in HEK293T cells, and were further pulldown and subjected to in vitro kinase assays. In the kinase assays, bacterially purified GST-
Snail was used as the substrate. The in vitro kinase products were subjected for IB analysis and detected with indicated antibodies. I IB analysis
of WCL derived from HEK293T cells transfected with the indicated constructs and treated without or with COMP1 (5 μM) for 12 h. J–L IB
analysis of WCL and pull-down products derived from HEK293T cells transfected with the indicated constructs and treated with MG132 (10
μM) for 12 h. M IB analysis of WCL and pull-down products derived from IKBKE depleted cells transfected with indicated constructs and treated
with MG132 (10 μM) for 12 h. N Carton illustrates the role of IKBKE in regulating β-TRCP1-mediated Snail degradation by direct
phosphorylation.
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S165A markedly elevated the interaction of Snail with β-TRCP1
(Fig. 5L). Moreover, IKBKE depletion enhanced the interaction of β-
TRCP1 and Snail (Fig. 5M), suggesting that IKBKE stabilizes Snail
through phosphorylating Snail and blocking its interaction with
the E3 ligase β-TRCP1 (Fig. 5N).

Snail mediates IKBKE functions in promoting breast cancer
cell invasion and migration
A plethora of proteins has been reported as bona fide substrates
of IKBKE to mediate its malignancies [16]. Based on the pivotal
roles of Snail in promoting invasion and migration, we sought to
detect whether IKBKE-mediated Snail phosphorylation contribu-
ted to its roles in promoting breast cancer cell invasion and
migration. To this end, WT, non-phospho-mimic mutant S165A,
and phospho-mimic mutant S165D were ectopically expressed in
IKBKE-deficient MDA-MB-231 cells (Fig. 6A). We observed that
IKBKE depletion-reduced cellular invasion and migration was
markedly rescued by ectopic expression of S165D-Snail, but only
mildly rescued by S165A-Snail (Fig. 6B, C, S5A, B). On the other
hand, S165A-Snail was also ectopically expressed (Fig. 6D), which
could robustly repress Myr-IKBKE-induced MCF7 invasion and
migration (Fig. 6E, F, S5C, D). These findings together suggest that
phosphorylation of Snail at S165 is critical for IKBKE-mediated
breast cancer invasion and migration.

IKBKE expression is correlated with Snail phosphorylation at
S165 and breast cancer lymph node metastasis
To assess the clinical relevance of IKBKE, we initially detected the
expression of IKBKE and Snail in breast cancer tissues. The results
showed that high expression of IKBKE was positively correlated

with Snail protein levels (Fig. 7A). Furthermore, we performed IHC
staining for IKBKE and pS165-Snail in a human breast cancer tissue
microarray (TMA), and observed that, compared to carcinoma
in situ (CIS), IKBKE exhibited higher expression in invasive
carcinoma (IC) with lymph node metastasis (Fig. 7B). Furthermore,
the expression of IKBKE was significantly correlated with pS165-
Snail (Fig. 7C). Meanwhile, pS165-Snail was also mainly detected in
lymph node metastasis IC samples (Fig. 7D). Importantly, both
IKBKE and pS165-Snail were markedly correlated with breast
cancer lymph node (L.N.) migration (Fig. 7D). Database analyses
also suggest that high expression of IKBKE and Snail were both
correlated with poor survival in lymph node-positive breast cancer
patients, while IKBKE did not act as a biomarker for lymph node-
negative breast cancer patients (Fig. S6A–D). These findings
together indicate that IKBKE plays an important role in promoting
breast cancer metastasis by phosphorylating Snail, and will be
considered as a breast cancer lymph node migration biomarker.

DISCUSSION
MMTV-PyVMT mouse model is well established to investigate
human breast tumorigenesis, particularly for the mammary tumor
lung metastasis [48]. Although mildly affecting mammary devel-
opment in wild-type mice, depleting Ikbke could dramatically
compromise the mammary neoplasia development, tumor
growth, and further mammary tumor lung metastasis in the
MMTV-PyVMT mouse model (Fig. 1). While, previous and our
results have shown that Ikbke deficiency could markedly impair
breast cancer cell fitness, resulting in reduced mammary tumor
growth which has been considered as a major cause of influencing

Fig. 6 Snail mediated IKBKE functions in promoting breast cancer cell invasion and migration. A MDA-MB-231 cells infected with shRNA
against IKBKE and selected with puromycin 5 days, and further infected with Snail encoding virus and selected with hygromycin 5 days. The
resulting cells were subjected to Matrigel-based invasion assays (B), the invasive cell numbers were calculated and plotted (C). The experiment
was determined in triplicated. Results were representative of three independent experiments. Data are expressed as mean ± SD. *p < 0.05, **p
< 0.01 (Student t test). D MCF7 cells infected with indicated encoding virus, and selected with puromycin for IKBKE and hygromycin for Snail-
S165 respectively. E Resulting cells were subjected to Matrigel-based invasion assays, the invasive cell numbers were calculated and plotted
(F). The experiment was determined in triplicated. Results were representative of three independent experiments. Data are expressed as
mean ± SD. *p < 0.05, **p < 0.01 (Student t test).
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mammary tumor metastasis [11]. On the other hand, IKBKE also
exhibits profound roles in re-modulating the lung inflammatory
and immune-microenvironments which would also largely con-
tribute to mammary tumor lung metastasis [24]. To exclude these
possibilities, we employed another well-established xenograft
mouse model via tail vein injecting the tumor cells, which could
potently measure the capability of tumor cell lung residence. From
in vivo mouse model and in vitro cellular studies, we reveal that
IKBKE indeed facilitates breast cancer lung metastasis. However, to
further exclude the immunological effects for IKBKE-mediated
mammary tumor lung metastasis, the syngeneic mouse models
will be employed, in which the mouse mammary tumor cell lines
would be used to perform lung metastatic assays in both Ikbke-/-

and counterpart mice. In addition, Ikbke mammary conditional
knockout mouse model is worth to be engineered and conse-
quently crossed with Erbb2 or Myc transgenic mice to prove the

potent role of IKBKE in mediating mammary tumor growth and
lung metastasis.
It is well acknowledged that tumor microenvironments provide

a specific niche for tumor invasion and migration [49]. Under
physiological conditions, the presence of insulin or other growth
factors would activate AKT pathway and mediate the phosphor-
ylation and repression of GSK3β to abrogate its function in
phosphorylating and degrading Snail (Fig. 7E). On the other hand,
the presence of TNFα or other cytokines could efficiently activate
NF-κB pathway to disturb CSN2 protein and block β-TRCP-mediate
Snail ubiquitination and degradation (Fig. 7E). Strikingly, although
IKBKE has been revealed to directly govern AKT/GSK3β and NF-κB/
CSN2 pathways for manipulating Snail abundance under distinct
conditions, another critical role of IKBKE in regulating Snail have
also been experimentally proved by directly phosphorylating
Snail, which disturbs Snail ubiquitination and degradation (Fig. 4).

Fig. 7 IKBKE is associated with breast tumor metastasis. A IB analysis of WCL derived from breast cancer tissues. B Images represent the IHC
staining of indicated antibodies in CIS (carcinoma in situ) and IC (invasive carcinoma) with lymph node metastasis. C The correlation of IKBKE
and pS165-Snail staining in (B) were analyzed and tabled. D The distribution of IKBKE and pS165-Snail staining in lymph node metastasis IC
was calculated and tabled. E Illustration of IKBKE functions in regulating Snail stability in distinct ways. Under normal conditions, Snail was
phosphorylated by GSK3β, and recognized by β-TRCP for ubiquitination and subsequent degradation to keep cell epithelial phenotype (left
panel). In contrast, under conditions of LPS or other stimulations, or amplification of IKBKE, the active IKBKE could (1) inhibit GSK3β-mediated
Snail phosphorylation, (2) activate NF-κB-mediated regulation of β-TRCP, and (3) directly phosphorylate Snail, and further enhances Snail
stability and contributes to invasion and migration phenotypes.
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Pathologically, IKBKE is not only genetically amplified in many
types of cancer, such as breast and lung cancers [11, 21], but also
could be induced by inflammatory factors or cytokines, such as
LPS, PMA [17, 18], to promote Snail stability, leading to breast
cancer EMT, invasion, and metastasis. Therefore, our findings
implicate that aberrant expression/activation of IKBKE could
directly phosphorylate and stabilize Snail, resulting in Snail-
mediated EMT-related malignancies and accounting for breast
cancer metastasis.
Accumulating substrates of IKBKE have been identified recently,

all of which together contribute to inflammation and tumorigen-
esis. Among these substrates, such as YAP and STAT3, have been
reported to control cancer cell metastasis [15, 24]. However, the
potential functions and underlying mechanisms of IKBKE involved
in mammary cancer lung metastasis are not well defined yet. Here
we demonstrate that IKBKE could robustly stabilize Snail to control
EMT, sustain stemness, and acquire invasive phenotypes of breast
cancer cell. However, whether other IKBKE substrates, except AKT
and NF-κB, could confer IKBKE roles in promoting breast cancer
EMT and lung metastasis are desired to be further investigated. In
summary, we demonstrate that depletion of Ikbke could compro-
mise mammary tumorigenesis and lung metastasis in an MMTV-
PyVMT mouse model. We further confirm that IKBKE could trigger
human breast cancer cell EMT phenotype, resulting in promoting
cancer cell migration, invasion. Mechanically, IKBKE could not only
regulate Snail by modulating AKT/GSKβ and NF-κB/CSN2 pathways,
but also directly phosphorylate Snail to prevent its degradation.
Thus, our study reveals a crucial role for IKBKE in accelerating
breast tumor metastasis, and highlights a potential strategy for
combating breast cancer metastasis by targeting IKBKE kinase.
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