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FBXW2 suppresses proliferation and invasion of lung cancer cells by targeting SKP2
and β-catenin
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ABSTRACT
F-box protein is a substrate-receptor of SKP1-Cullin1-F-box protein (SCF) E3 ligase, but the function of many
family members remains elusive. We found that F-box andWD-repeat domain-containing 2 (FBXW2) inhibits
proliferation and invasion of lung cancer cells by targeting S phase kinase-associated protein 2 (SKP2) and β-
catenin for degradation. Lower FBXW2 predicts a worse patient survival. Thus, FBXW2 appears a lung tumor
suppressor.
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Non-small cell lung cancer (NSCLC) accounts for 85% of lung
cancer which is the leading cancer-related death in the world.
The overall 5-year survival rate for NSCLC patients is 11–17%
due to late-stage diagnosis, tumor metastasis and recurrence1.
Thus, the understanding of the molecular mechanism that
drives the initiation, progression, and metastasis of NSCLC
is imperative and significant, which would provide novel
therapeutic targets for this deadly disease.

F-box proteins are the substrate recognition receptors of the
SCF (SKP1-Cullin1-F-box protein) E3 ubiquitin ligase com-
plexes with 69 family members found in human genome2.
Among them, only three members are well studied. F-box and
WD-repeat domain-containing 7 (FBXW7) is a well-known
tumor suppressor that promotes ubiquitylation and degradation
of various oncogenic proteins, including c-JUN, c-MYC, Cyclin
E, MCL1, Notch1. The other two well-studied F-box proteins are
S phase kinase-associated protein 2 (SKP2) and β-transducin
repeats-containing protein (β-TrCP). While SKP2 is a typical
oncoprotein that promotes degradation of tumor suppressive
substrates such as p21 and p27, β-TrCP acts as an oncoprotein
or tumor suppressor in a manner dependent on its substrates3,4.
Alterations in these three F-box proteins were found in many
human cancers with a well correlation of patient survival (worse
for SKP2 overexpression or FBXW7 downregulation)3,4.
Although increasing numbers of F-box proteins have their sub-
strates being identified and functions being elucidated,5 most of
the F-box proteins are still in their orphan stages and their
functional characterization awaits for the identification of the
corresponding substrates. Furthermore, whether an active cross-
talk exists among the F-box proteins under physiological or
stress conditions remains largely unknown.

To this end, we performed the immunoprecipitation screen
for F-box proteins that interact with β-TrCP, and identified
F-box and WD-repeat domain-containing 2 (FBXW2),
a poorly characterized F-box protein with only one known

substrate, glial cell missing 1 (GCM1), which is a transcription
factor that promotes placental cell migration and invasion6.
Further characterization revealed FBXW2 is a new substrate of
β-TrCP for targeted ubiquitylation and degradation upon being
phosphorylated by vaccinia related kinase 2 (VRK2) kinase7. We
further found that FBXW2 binds to yet another F-box protein
SKP2 under physiological condition and promotes SKP2 ubiqui-
tylation and degradation7. Thus, we established a negative cas-
cade among these three F-box proteins with β-TrCP at the
upstream, FBXW2 in the middle, and SKP2 at the downstream.
This negative cascade operates during cell cycle progression.
Specifically, when cells enter the cell cycle upon growth factor
stimulation, the level of VRK2 and β-TrCP increases to reduce
the level of FBXW2 (by promoting its degradation), leading to
accumulation of SKP2 (by inhibiting its degradation) to degrade
cell cycle inhibitors, such as p21 and p27, to ensure proper cell
cycle progression7.

Biologically, FBXW2, in contrast to oncogenic β-TrCP1
and SKP2, acts as a tumor suppressor to inhibit growth and
survival of lung cancer cells, mainly by targeting SKP2 for
degradation. We have extended this observation to human
lung cancer tissues and found that FBXW2 is down-
regulated in cancer tissues and few of loss-of or gain-of-
function mutations were identified and characterized.
Importantly, high FBXW2 levels predict a better survival for
lung cancer patients, further suggesting that FBXW2 is
a tumor suppressor in the lung. Taken together, an F-box
protein cascade in a form of the oncogene-tumor suppressor-
oncogene (β-TrCP-FBXW2-SKP2) axis may operate during
lung tumor development7.

To further elucidate the mechanism of FBXW2 anticancer
activity, we used affinity purification-mass spectrometry
method and identified oncogenic protein β-catenin as yet
another FBXW2 substrate. β-catenin, an Armadillo protein,
acts both as a component of cell-cell adhesion structure by
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interacting with the cytoplasmic domain of E-cadherin and as
a cellular signaling molecule involved in the regulation of
gene expression following activation by Wnt or epidermal
growth factor (EGF)8. Upon activation, β-catenin translocates
to the nucleus where it interacts with transcription factors, the
T cell factor/lymphoid enhancer factor-1 (TCF/LEF-1) family
to transactivate the expression of downstream target genes
including MYC, CCND1, MMP2, MMP7, and MMP9, thus
regulating cell proliferation, differentiation, migration, and
invasion8.

β-catenin has been well characterized as a substrate of β-
TrCP9. In the absence of Wnt, cytoplasmic β-catenin forms
a complex with axin/conductin, casein kinase 1 (CK1), glyco-
gen synthase kinase-3β (GSK-3β), and the adenomatous poly-
posis coli protein (APC). CK1 and GSK-3β sequentially
phosphorylate β-catenin at N-terminal Ser and Thr residues,
resulting in its ubiquitylation and proteasomal degradation by
β-TrCP9. However, the ubiquitin ligase responsible for β-
catenin degradation following EGF stimulation is unknown.
Our most recent work showed that FBXW2 binds to β-catenin
upon AKT1-mediated phosphorylation at the C-terminus in
response to growth factor stimulation, followed by targeted
ubiquitylation and degradation of β-catenin. Thus, FBXW2
negatively regulates the β-catenin levels and transcriptional
activity10.

What is the biological significance of FBXW2-mediated
β-catenin degradation and what is the difference from β-
TrCP-mediated β-catenin degradation? It has been pre-
viously shown that upon EGF stimulation, EGFR activates
MMPs expression to promote migration and invasion in
malignant diseases, but the underlying mechanism remains
elusive. Our work showed that this process is mediated by
the AKT1-FBXW2-β-catenin-MMPs axis. Specifically,
AKT1-phosphorylated β-catenin preferentially binds to the
promoters of the MMP-2, −7 and −9 via TCF4M/S, whereas
Wnt activated β-catenin has a preference to bind to the
promoters of MYC and CCND1 via TCF4E. Thus, FBXW2-
promoted β-catenin degradation and consequent MMP
down-regulation would inhibit migration and invasion of
lung cancer cells, whereas Wnt-controlled β-TrCP-β-catenin
axis mainly regulates cell proliferation. In clinical samples,
we found a general tendency of inverse correlation of the
protein levels between FBXW2 and β-catenin in lung cancer
tissues. Moreover, the expression of FBXW2 was signifi-
cantly reduced in the tumors with lymph-node metastasis
as compared to those without lymph node metastasis, while
the expression of β-catenin was just the opposite. Finally,
lung cancer patients with low FBXW2/high β-catenin had
a significantly poorer survival, whereas high FBXW2/low β-
catenin had a better survival.

In summary, our study showed that FBXW2 is a substrate
of β-TrCP for targeted ubiquitylation and degradation after
being phosphorylated by VRK2. On the other hand, FBXW2
is an E3 ligase for SKP2 and β-catenin. Upon phosphorylation
of SKP2 likely by a yet-to-be-identified kinase or of β-catenin
by AKT1, FBXW2 promotes their ubiquitylation and degra-
dation, to inhibit proliferation and invasion of lung cancer
cells. FBXW2, therefore, acts as a tumor suppressor in the
lung (Figure 1).
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Figure 1. Legend: mechanisms of tumor suppression by FBXW2.
F-box and WD-repeat domain-containing 2 (FBXW2) is a novel substrate of β-
transducin repeats-containing protein (β-TrCP), but an active E3 ligase for
S phase kinase-associated protein 2(SKP2) and β-catenin. Specifically, FBXW2 is
phosphorylated by vaccinia related kinase 2(VRK2) during cell cycle progression,
and then binds to β-TrCP and being degraded. While SKP2 is likely phosphory-
lated by a yet-to-be-identified kinase, β-catenin is phosphorylated by AKT1 in
response to growth factor. Phosphorylated SKP2 and β-catenin are then recog-
nized by FBXW2, followed by targeted ubiquitylation and degradation. Depletion
of SKP2 and β-catenin causes accumulation of tumor suppressor substrates of
SKP2 (e.g., p21 and p27), and inactivation of transcription of the MMPs, leading
to suppression of growth and survival, and migration and invasion of lung
cancer cells. Thus, FBXW2 appears to be a tumor suppressor in the lung.
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