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β-Catenin is the central modulator of the canonical 
Wnt signaling pathway. Upon Wnt on state, β-Catenin is 
translocated to the nucleus and function as a transcription 
coactivator for several oncogenes. In Wnt off state, 
β-catenin is mostly localized in the cytoplasm and 
sequestered by the destruction complex, the negative 
regulator of β-catenin expression [2,3]. This destruction 
complex is composed of adenomatous polyposis coli 
(APC), casein kinase 1α (CK1α), glycogen synthase kinase 
3α/β (GSK-3α/β), and AXIN1 [4-8]. CK1α initiates the 
degradation process of β-Catenin by phosphorylating it 
at Ser45, which is subsequently phosphorylated at Thr41, 
Ser37, and Ser33 by GSK3β [9]. The phosphorylated 
β-catenin is then polyubiquitinated by SCFβ-TrCP to promote 
its proteasomal degradation. In contrast, in the case of 
Wnt on state, β-catenin is released from the destruction 
complex and translocate to the nucleus. It is also reported 
that Norrin and R-Spondin activate Wnt signaling in 
stem cells and this activation is Wnt ligand independent 
[10-12]. They bind to LRP5/6 receptor and prevent the 
inactivation of LRP function by Rnf43/Znrf3. LRP5/6 
functions as a coreceptor of Frizzled receptor and helps 
to separate Axin from the destruction complex. Thus, 
they help to translocate β-catenin in the nucleus through 
sequestration of Axin in the membrane. In the nucleus, 
β-catenin functions as a transcriptional coactivator to 
relate plethora of genes.

Destruction complex-mediated sequestration of β-catenin 
is efficient to prevent cancer. However, it is ineffective 
in most of the cancers because of either mutation in 
the components of the destruction complex [13,14] or 
in the β-Catenin itself [15,16]. Among the components 
of destruction complex, loss of APC is main driver for 
constitutive translocation of β-catenin in colorectal cancer 
[17]. APC is mutated in almost 49% of colorectal cancers 
[18]. However, β-Catenin is predominantly mutated 
in hepatocellular carcinoma, endometrial cancer, and 
pancreatic cancer [19-21]. In addition to APC inactivation 
and β-catenin mutation, mutation in R-spondin/LRP5/
RNF43 plays crucial role in Wnt-dependent colorectal 
cancer. RNF43 is mutated in approximately 19% of 
colorectal cancer. Similarly, R-spondin is mutated in 10% 
of colorectal cancer. Interestingly, irrespective of the type 
of breast cancer, canonical Wnt signaling is activated in 
almost 50% of breast cancer and is closely associated with 
reduced overall survival of the breast cancer patients [22]. 
It is important to note that in most of the breast cancer 
patients, expression of Wnt ligands and receptors are 
elevated, whereas antagonists are silence.

In addition to colorectal cancer and breast cancer, 
β-Catenin also plays an important role in generation of 
leukemia initiating cells from normal hematopoietic stem 
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cells (HSC) as well as for self-renewal cells of leukemia 
initiating cells [23,24]. Further, β-Catenin acts as a major 
driver in T-cell acute lymphoblastic leukemia and chronic 
lymphocytic leukemia [25,26]. BRAF(V600E) is the 
major driver in melanoma development and progression. 
Canonical Wnt signaling facilitates the BRAF/NRAS 
driven melanoma through preventing the oncogene 
induced senescence in melanocytes [27,28].

Nuclear localization of β-Catenin is very important for 
its oncogenic function. Therefore, several strategies have 
been developed to prevent the canonical Wnt signaling 
mediated cancer progression. Many of them are at 
different stages of clinical trials [18,29]. Several inhibitors 
were designed to inhibit the secretion of Wnt ligand 
through inhibition of Porcupine. In another strategy, 
small molecule inhibitors were developed to disrupt CBP 
and β-Catenin interaction. Small molecule inhibitors 
were also developed against the β-Catenin target genes to 
prevent cancer progression. In addition to small molecule 
inhibitor, antibody based therapy was also developed 
to inactivate frizzle receptors. However, many of these 
inhibitors showed severe side effects and some are at the 
next level of clinical trial. Recently, small molecule inhibitor 
was developed to promote the degradation of active form 
of β-Catenin [30]. However, small molecule-mediated 
proteasomal degradation of active form β-Catenin is not 
clear. Therefore, posttranslational regulation of nuclear 
β-Catenin was very important. 

Recently, we have identified F-box protein FBXO16 as an 
important proteasomal regulator of nuclear β-Catenin [1]. 
FBXO16 is a relatively unexplored F-box protein and cellular 
function of FBXO16 was poorly understood. We therefore 
attempted to identify the cellular targets of FBXO16 through 
mass spectrometry study. We identified approximately 
350 interactoms with minimum 3 unique peptides for 
each protein. Among these interactomes, β-Catenin was 
one. Further study revealed that FBXO16 attenuates the 
nuclear levels of β-Catenin cellular fractionation study. To 
support the attenuation of nuclear β-Catenin by FBXO16, 
transcriptional levels of β-Catenin regulated genes such 
as cyclin D1 and cMyc were examined. We also showed 
FBXO16-mediated regulation of β-Catenin using reporter 
assay. We found that mRNA levels of β-Catenin targeted 
genes were altered upon overexpression and depletion of 
FBXO16. To further support the observation, chromatin 
immunoprecipitation assay followed by RT-PCR analysis 
was performed to examine the recruitment of β-catenin 
on the promoter of Cyclin D1 as well as cMyc. Results 
revealed that recruitment of β-Catenin was impaired 
upon alteration of FBXO16 expression. We have validated 
our findings by both ectopic expression and ablation of 
FBXO16 in different cell lines. We found that the ablation 
of FBXO16 using multiple shRNAs leads to enhanced 

binding of β-catenin to the promoter of cyclin D1 and cMyc 
followed by their heightened transcriptional levels.

Previous studies have identified two different modes 
of Wnt-β-catenin signaling pathway activation, via Wnt 
ligand activation and non-Wnt ligand-mediated activation 
[31-33]. Our findings showed that FBXO16 promotes the 
degradation of nuclear β-Catenin even in Wnt activated 
condition. For example, FBXO16 efficiently directs the 
degradation of β-Catenin in the presence of Wnt3a ligand 
as well as epidermal growth factor (EGF), the activators 
of the Wnt signaling pathway. These findings were well 
supported by conventional TOP/FOP assay. We showed 
that despite the presence of canonical Wnt activation 
signals like EGF and Wnt3a, ectopic presence of FBXO16 
leads to reduction of luciferase activity. In contrast, 
depletion of FBXO16 results in significant augmentation 
of luciferase activity.

Many of the transcriptional target genes of β-catenin are 
well known oncogenes and have an established role in the 
initiation, establishment, and progression of cancer [33]. 
We therefore monitored epithelial to mesenchymal (EMT) 
transitions, a process known to play a role in oncogenesis, 
to assess the breast cancer malignancy [34]. Previous 
studies have shown that Snail and Twist enhance the 
aggressiveness of cancer cells through augmenting EMT 
process [34,35]. Snail and Twist are the important targets 
of β-Catenin. Indeed, we found that FBXO16 promotes the 
expression of E-cadherin and restricts the expression of 
oncogenic factors such as cMyc, Cyclin D1, Snail, and Twist. 
Further investigation revealed that FBXO16 controls the 
expression levels of these EMT regulators by monitoring 
the cellular levels of β-Catenin.

Human genome encodes genes for 69 F-box proteins and 
cellular function of majority of the F-box proteins are yet 
to be discovered. FBXO16 was one of the uncharacterized 
F-box proteins. Cellular function as well as its targets was 
not known. Our study, for the first time, systematically 
discovered the cellular function as well as cellular targets 
of FBXO16. F-box proteins are the integral component 
of SCF (SKP1-Cullin1-F-box protein) ubiquitin ligase 
complex. SCF complex consists of three invariable 
components (SKP1, Cullin1 and RBX1) and F-box protein 
as variable components. F-box proteins assembled in the 
SCF complex through utilizing their “F-box” motif, a 40 – 
50 amino acid conserved motif. F-box proteins recognize 
mostly phosphorylated substrates and bring them to the 
SCF complex to ubiquitinate. Since F-box protein can 
target multiple cellular proteins, we identified different 
interacting partners of FBXO16 using mass spectrometry-
based proteomic study. Our mass spec analysis revealed 
more than 350 interacting partners. In addition, β-Catenin, 
we have identified as another important oncogene clathrin 
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heavy chain (CLTC). CLTC is known to play a pivotal role 
in vesicular trafficking and post-mitotic Golgi reassembly 
[36]. Further, pathway analysis of its interactomes revealed 
its association with various cellular signaling pathways, 
biological regulatory networks, metabolism, cellular 
trafficking, and immune response (Figure 1). Given the 
diverse interactomes of FBXO16, it will be interesting to 
understand its role in different cellular processes in future. 
We believe this study has laid the base by establishing 
one critical function of FBXO16, however, more of its 
important functions are yet to be deciphered.

Most of the F box protein associates with the scaffolding 
protein of SCF complex through the F-box domain. To 
further characterize whether FBXO16 also forms SCF 
complex to target β-catenin degradation, we generated 
F-box motif deleted FBXO16 mutant. The mutant is 
incompetent to degrade nuclear β-catenin solely due to 
its inability to form SCF complex. Notably, most of cancer 
reports revealed an aberrant activation of the Wnt signaling 
pathway leading to accumulation of β-catenin and its 
downstream pathway activation [37,33]. Interestingly, we 
found that the FBXO16-mediated degradation of nuclear 
β-catenin is independent of activation status of Wnt, 
which we think is quite significant in terms of development 
of therapy. There is a nice inverse expression relationship 
of FBXO16 and nuclear β-catenin in human breast cancer 
patient samples. Our study also sheds a light on the 
topology of FBXO16. Analysis of the sequence of FBXO16 
revealed the presence of a nuclear localization signal (NLS) 

in the C-terminal of FBXO16 (247-273 amino acid region). 
We found that this NLS signal is essential for the FBXO16 
mediated regulation of nuclear β-Catenin, and depletion 
of this NLS leads to loss of nuclear localization of FBXO16 
as well as attenuates its ability to regulate the levels of 
nuclear β-Catenin. Therefore, inactivation of pathway(s) 
responsible for repression of FBXO16 expression in 
cancer could be an important strategy to prevent nuclear 
accumulation of β-Catenin and hence cancer progression. 
Although we found that FBXO16 contains an NLS and it 
shuttles between cytoplasmic and nuclear compartment, 
it is still unclear why FBXO16 shuttle between two cellular 
compartments and what are the controlling factors. Future 
studies directed towards this direction can make significant 
advancement in understanding FBXO16’s function.

Chemotherapy is the first line of treatment for almost all 
cancers. However, resistance towards chemotherapeutic 
drugs is the biggest hurdles physicians encounter during 
chemotherapy. Earlier report has shown the reduced 
sensitivity of MDA-MB-231 breast cancer cell lines 
towards chemotherapeutic agent Doxorubicin [38]. 
Recently, we demonstrated that FBXO16 functions as a 
putative tumor suppressor through attenuating β-catenin 
and has undetectable expression in MDA-MB-231cell line. 
We therefore investigated whether FBXO16 could be an 
adjuvant during chemotherapy in triple negative breast 
cancer cell line MDA-MB-231. Interestingly, we observed 
that treatment of Doxorubicin alone or only overexpression 
of FBXO16 does not have any significant growth 

Figure 1. Analysis of FBXO16 interactome’s association with diverse cellular pathways analyzed by PANTHER.
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suppressive effect on MDA-MB-231. However, ectopic 
expression of FBXO16 during Doxorubicin treatment 
results in three-fold increase apoptotic cell death of MDA-
MB-231 cells. Therefore, it will be interesting to explore the 
therapeutic potential of FBXO16 in breast cancer as well 
as other cancers alone or in combination with different 
chemotherapeutic, radiation, and immunotherapy.

In our recent study, we have demonstrated cellular function 
of FBXO16, an unexplored F-box protein. We have found 
a wide array of its interacting partners including nuclear 
β-Catenin as a crucial substrate. Our study established 
FBXO16 as a putative tumor suppressor gene. Our detailed 
investigation has revealed the expression profile of FBXO16 
in different human breast cancer cell lines as well as 
breast cancer patient samples. FBXO16 controls different 
cellular processes such as cell proliferation, migration, 
survival and tumor formation through attenuating cellular 
function of nuclear β-Catenin. Ubiquitin dependent 
degradation of β-Catenin by FBXO16 is unique in many 
aspects from other β-Catenin regulators. For instance, 
well known F-box protein β-TrCP1 regulates cytoplasmic 
pool of β-Catenin whereas F-box protein FBXO16 
regulates nuclear β-Catenin. β-TrCP1-mediated β-Catenin 
degradation is GSK3β kinase activity dependent whereas 
FBXO16 directs the degradation of nuclear β-Catenin 

in GSK3β independent manner. Huang and colleagues 
have shown that nuclear β-Catenin could be degraded by 
TRIM33 [39]. However, TRIM33-mediated degradation 
of nuclear β-Catenin is PKCδ dependent. However, 
nuclear localization of PKCδ is also signal-dependent. 
Thus, degradation of nuclear β-Catenin by FBXO16 is 
also distinct from TRIM33. TRIM33 directs degradation 
of nuclear β-Catenin in PKCδ kinase dependent manner 
whereas FBXO16 directs nuclear β-Catenin degradation 
in PKCδ independent manner. Moreover, we showed that 
FBXO16 could attenuate nuclear β-Catenin even in the 
presence of Wnt ligand and EGF. However, expression 
of FBXO16 is compromised in most of the higher grade 
of cancers. Recent study showed that FBXO16 is located 
in loss of heterozygosity of chromosomal region 8p21.1 
in breast cancer [40]. However, we are not ruling out 
the involvement of other mechanisms such as epigenetic 
silencing, mutations, and proteasomal regulation for the 
compromised expression of FBXO16 in different cancers. 
Additionally, it will be interesting to understand the role 
of nuclear envelop proteins and nuclear pore complexes 
that controls the translocation of proteins like β-Catenin 
[41,42]. Therefore, based on recent studies, we speculate 
that utilizing FBXO16 to target nuclear β-Catenin could 
be an effective therapeutic alternative. A recent study has 
identified molecular glue that enhances the degradation 
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Figure 2. Model describes FBXO16-mediated regulation of nuclear β-Catenin., The prospective: FBXO16 inhibits the 
oncogenic activity of nuclear β-Catenin by promoting its proteasomal degradation. In future, it will be interesting to 
address whether FBXO16 shuttles between nucleus and cytoplasm (A), involvement of posttranslational modification 
(PTM) in FBXO16 in the shuttling process as well as interaction with nuclear β-Catenin (B) and development of 
PROTACs/Molecular glues to facilitate ablation of nuclear β-Catenin through proteasome mediated degradation (C).
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of β-Catenin via β-TrCP [43]. Though it is a significant 
pharmacological enhancement, but it might not be 
effective to control the nuclear accumulation of enhanced 
nuclear β-Catenin accumulation and wnt signal activation 
in cancer. Therefore, we think a similar approach can 
be taken to identify molecular glues or even PROTACS 
which may selectively enhance the interaction of FBXO16 
and β-Catenin or selectively target nuclear β-Catenin 
degradation by FBXO16 (Figure 2).
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