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Abstract: Too much of a good thing can become a bad thing. An example is FBXW7, a well-known
tumor suppressor that may also contribute to tumorigenesis. Here, we reflect on the results of three
laboratories describing the role of FBXW7 in the degradation of p53 and the possible implications of
this finding in tumor cell development. We also speculate about the function of FBXW7 as a key player
in the cell fate after DNA damage and how this could be exploited in the treatment of cancer disease.
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FBXW7 (F-box and WD repeat domain-containing 7) is the subunit of the SCF (SKP1-CUL1-F-box
protein) (FBXW7) ubiquitin ligase responsible for recruiting substrates. Polyubiquitylated proteins
are then degraded by the proteasome or are involved in processes such as DNA repair, selective
autophagy or signal transduction. FBXW7 is considered a critical tumor suppressor of human cancers
because it degrades important oncoproteins such as c-MYC, cyclin E, MCL1, mTOR, c-JUN, PLK1,
NOTCH or AURKA [1–8]. Furthermore, about 6% of analyzed human cancers carry inactivating
mutations in FBXW7 [9]. In addition, several FBXW7 mutants have also been identified in adult T-cell
leukemia patients [10]. However, hitherto, the potential oncogenic activity of wild type FBXW7 has
remained elusive.

In the last few months, three articles have been published by three independent laboratories,
including ours, showing similar results about the regulation of p53 stability by FBXW7 [11–13].
Using different approaches, we found that endogenous FBXW7 interacts with and targets p53 for
polyubiquitylation and proteasomal degradation. SCF(FBXW7) polyubiquitylates p53 at Lys-132 via
Lys48 linkage after p53 phosphorylation on its unique FBXW7 binding motif (CDC4 phosphodegron,
CPD), for which the sequence is 31VLSPLPS37 [12]. The proteasome machinery then degrades the
polyubiquitylated p53. Besides the discovery of another p53 ubiquitin ligase, as a significant number
of them have already been described [14], our studies show that the SCF(FBXW7)-mediated p53
degradation could have important effects on tumorigenesis. This degradation is carried out both in
unstressed cells but primarily after DNA damage. Under normal culture conditions, the p53 CPD is
phosphorylated by GSK3β (Ser33) [11,12] and DNA-PK (Ser37) [12]. However, after DNA damage,
ATM (after ionizing radiation or etoposide treatment) [13] or GSK3β (after UV irradiation) [11] are
responsible for p53 phosphorylation. The discrepancies between the detected kinases involved in p53
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phosphorylation after DNA damage could underlie the different types of genotoxic agent and/or the
different timings (immediately after DNA damage or later) used by each laboratory in their research.

The decrease in p53 levels after DNA damage-induced arrest promotes cell proliferation recovery.
This finding could have relevant consequences for the success of the treatment of cancer with
DNA-damaging agents: if the cells of a specific tumor manage to degrade p53 after genotoxic treatment
they could survive and become resistant. In this regard, the analysis of breast cancer patient datasets
suggested that an increase in FBXW7 reduces the survival of patients with wild type p53. However,
this effect was not observed in patients carrying a non-functional p53 (mutated or lost). These data
indicate that the deleterious effects of FBXW7 amplification are dependent on the degradation of a
functional p53 [11]. Supporting this hypothesis, experiments carried out by Cui et al. demonstrated that
inactive FBXW7 sensitizes cancer cells to radiation or etoposide treatment because it stabilizes p53 and
leads to cell cycle arrest and apoptosis [13]. Moreover, p53 mutant cell lines, “untargetable” by FBXW7,
were treated with doxorubicin to test their drug resistance. Long-term clonogenic, invasion and soft
agar assays showed a decrease in their ability to form clones and to invade [12]. All together, these data
suggest that after DNA damage, FBXW7-mediated degradation of p53 allows cell proliferation recovery
and could have a potential negative effect in the outcome of treatment of cancer disease.

Conceptually, the results described above contribute to pointing out the thin line demarcating the
concepts tumor suppressor and oncoprotein, since a protein may act as a tumor suppressor or as an
oncoprotein depending on the cellular context. In this case, the action of FBXW7 (generally considered
as a tumor suppressor) on another tumor suppressor, p53, could favor tumorigenesis. Perhaps this
effect depends on the FBXW7/p53 ratio. The imbalance of this ratio would allow cell proliferation when
high and prevent it when low. This could be exploited to design new therapies for cancer. For example,
the use of FBXW7 inhibitors together with genotoxic agents could strongly decrease this ratio, reducing
FBXW7 activity and increasing p53 levels, and, consequently, inhibiting cell proliferation. Therefore,
the protein landscape of a specific cell or tissue will be key for a protein to act as an inducer or repressor
of cell proliferation.

Several lines of evidence have shown that activated p53 can directly bind and activate FBXW7
gene expression [15,16]. Hence, it is plausible that a negative feedback loop relationship exists between
p53 and FBXW7. In the case of p53 accumulation after stress, it would induce FBXW7 expression,
which in turn would reduce p53 protein to basal levels, allowing the restoring of a normal cell cycle.
This feedback-based regulation has been described previously in some of the reported ubiquitin ligases
that target p53: MDM2, Pirh2 and COP1 [17–19].

Additionally, we obtained data that could help highlight the FBXW7 protein function. In our hands,
immediately after ultraviolet radiation treatment, the presence of FBXW7 unexpectedly contributed
to p53 stabilization [11]. This could mean that, in those early stages after treatment, FBXW7 would
enhance the elimination of p53 regulators, such as MDM2 or others. As expected, p53 accumulated
after DNA damage in the absence of FBXW7, most likely because of a disruption of p53/MDM2 binding,
but with the presence of FBXW7-enhanced p53 accumulation. Therefore, FBXW7 could be involved
in the fine-tuning regulation of DNA damage response. This ubiquitin ligase would help arresting
the cell cycle by degrading p53 regulators and releasing the cells from the arrest by degrading p53
after DNA repair. Furthermore, we previously showed that SCF(FBXW7) modulates the intra-S-phase
DNA-damage checkpoint by regulating PLK1 stability [6]. We found that after UV irradiation in
S-phase, SCF(FBXW7)/proteasome degrades PLK1, preventing the loading of proteins onto chromatin
to form pre-replicative complexes and reducing cell proliferation. If we consider these results together,
FBXW7 could be considered as a safeguard of the correct cellular response to DNA damage. On the
one hand, in response to DNA damage in S-phase, it would intervene in PLK1 degradation, necessary
for prolonging cell proliferation arrest and preventing the progress of the cell cycle with damaged
DNA. On the other, it would contribute to the p53 accumulation at the beginning of the DNA damage
response. Finally, once DNA has been repaired, it would help to resume the cell cycle (Figure 1).
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Figure 1. A simplified model for the role of the SCF(FBXW7) ubiquitin ligase as guardian of the correct 
cellular response to DNA damage. Under unstressed conditions, PLK1 phosphorylates various 
proteins that promote DNA replication. Upon DNA damage, SCF(FBXW7) targets PLK1 for 
proteasomal degradation, arresting cell cycle in S-phase. On the other hand, mainly MDM2, but also 
other ubiquitin ligases, maintain low levels of p53 under normal growth conditions. After DNA 
damage, p53 accumulates and arrests the cell cycle to allow damage to be repaired. After that, p53 
levels decrease again due to SCF(FBXW7) and others, to recover cell cycle progression. 

The problem arises when the cell divides excessively, for example in tumor cells. In that case, 
FBXW7 could enhance cell proliferation after DNA damage, ablating p53 and promoting the survival 
of tumor cells, and thus inducing resistance to treatment. However, in this case, the role that FBXW7 
plays in tumorigenesis would be more a consequence than a cause of tumor transformation. 

Until now, the clinical data analyzed to study the relationship between FBXW7 amplification 
and p53 came only from breast cancer patient datasets [11]. To generalize the conclusions, the analysis 
should be extended to different types of cancer datasets. Based on the articles reviewed here, it has 
been proposed that the use of FBXW7 inhibitors together with genotoxic drugs may be a possible 
approach for cancer treatment, but in-depth studies should be done to prove the therapeutic efficacy 
of this treatment. Additionally, it has been proposed that there is an MDM2, FBXW7 and p53 
functional relationship, which should be further studied to clarify the role of this axis in cell 
homeostasis. It is also possible that SCF(FBXW7) targets hotspot p53 mutants. Study of the 
degradation of these mutants could open the door to new approaches to treat cancer, carrying p53 
with oncogenic gain-of-function mutations. Lastly, it will also be important to study the effect of 
FBXW7 inhibition on its oncogenic substrates and its consequences in tumors. These are several 
questions that should be answered in the future. 

Author Contributions: F.R. wrote the manuscript with input from all other authors. All authors have read and 
agreed to the published version of the manuscript. 

Funding: This research was funded by Spanish grants from the Ministry of Economy and Competitiveness 
(MINECO), grant number SAF2017-87358, and Junta de Andalucía, grant number 2017/BIO-211. 

Figure 1. A simplified model for the role of the SCF(FBXW7) ubiquitin ligase as guardian of the correct
cellular response to DNA damage. Under unstressed conditions, PLK1 phosphorylates various proteins
that promote DNA replication. Upon DNA damage, SCF(FBXW7) targets PLK1 for proteasomal
degradation, arresting cell cycle in S-phase. On the other hand, mainly MDM2, but also other
ubiquitin ligases, maintain low levels of p53 under normal growth conditions. After DNA damage,
p53 accumulates and arrests the cell cycle to allow damage to be repaired. After that, p53 levels decrease
again due to SCF(FBXW7) and others, to recover cell cycle progression.

The problem arises when the cell divides excessively, for example in tumor cells. In that case,
FBXW7 could enhance cell proliferation after DNA damage, ablating p53 and promoting the survival
of tumor cells, and thus inducing resistance to treatment. However, in this case, the role that FBXW7
plays in tumorigenesis would be more a consequence than a cause of tumor transformation.

Until now, the clinical data analyzed to study the relationship between FBXW7 amplification and
p53 came only from breast cancer patient datasets [11]. To generalize the conclusions, the analysis
should be extended to different types of cancer datasets. Based on the articles reviewed here, it has
been proposed that the use of FBXW7 inhibitors together with genotoxic drugs may be a possible
approach for cancer treatment, but in-depth studies should be done to prove the therapeutic efficacy of
this treatment. Additionally, it has been proposed that there is an MDM2, FBXW7 and p53 functional
relationship, which should be further studied to clarify the role of this axis in cell homeostasis. It is
also possible that SCF(FBXW7) targets hotspot p53 mutants. Study of the degradation of these mutants
could open the door to new approaches to treat cancer, carrying p53 with oncogenic gain-of-function
mutations. Lastly, it will also be important to study the effect of FBXW7 inhibition on its oncogenic
substrates and its consequences in tumors. These are several questions that should be answered in
the future.

Author Contributions: F.R. wrote the manuscript with input from M.G.-M., S.G., M.C.L.-M., A.B.-F., C.S., M.Á.J.,
M.T. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Spanish grants from the Ministry of Economy and Competitiveness
(MINECO), grant number SAF2017-87358, and Junta de Andalucía, grant number 2017/BIO-211.



Cancers 2020, 12, 985 4 of 5

Acknowledgments: A.B.-F. is the recipient of a Ph.D. fellowship from the Vicerrectorado de Investigación Plan
Propio de Investigación (VI PPI) from Universidad de Sevilla.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Welcker, M.; Orian, A.; Jin, J.; Grim, J.E.; Harper, J.W.; Eisenman, R.B.; Clurman, B.E. The Fbw7 tumor
suppressor regulates glycogen synthase kinase 3 phosphorylation-dependent c-Myc protein degradation.
Proc. Natl. Acad. Sci. USA 2004, 101, 9085–9090. [CrossRef] [PubMed]

2. Koepp, D.M.; Schaefer, L.K.; Ye, X.; Keyomarsi, K.; Chu, C.; Harper, J.W.; Elledge, S.J. Phosphorylation-
dependent ubiquitination of cyclin E by the SCFFbw7 ubiquitin ligase. Science 2001, 294, 173–177. [CrossRef]
[PubMed]

3. Inuzuka, H.; Shaik, S.; Onoyama, I.; Gao, D.; Tseng, A.; Maser, R.S.; Zhai, B.; Wan, L.; Gutierrez, A.; Lau, A.W.;
et al. SCF(FBW7) regulates cellular apoptosis by targeting MCL1 for ubiquitylation and destruction. Nature
2011, 471, 104–109. [CrossRef] [PubMed]

4. Mao, J.H.; Kim, I.J.; Wu, D.; Climent, J.; Kang, H.C.; DelRosario, R.; Balmain, A. FBXW7 targets mTOR for
degradation and cooperates with PTEN in tumor suppression. Science 2008, 321, 1499–1502. [CrossRef]
[PubMed]

5. Wei, W.; Jin, J.; Schlisio, S.; Harper, J.W.; Kaelin, W.G., Jr. The v-Jun point mutation allows c-Jun to escape
GSK3-dependent recognition and destruction by the Fbw7 ubiquitin ligase. Cancer Cell 2005, 8, 25–33.
[CrossRef] [PubMed]

6. Giráldez, S.; Herrero-Ruiz, J.; Mora-Santos, M.; Japón, M.A.; Tortolero, M.; Romero, F. SCFFBXW7αmodulates
the intra-S-phase DNA-damage checkpoint by regulating Polo like kinase-1 stability. Oncotarget 2014, 5,
4370–4383. [CrossRef] [PubMed]

7. Gupta-Rossi, N.; Le Bail, O.; Gonen, H.; Brou, C.; Logeat, F.; Six, E.; Ciechanover, A.; Israël, A. Functional
interaction between SEL-10, an F-box protein, and the nuclear form of activated Notch1 receptor. J. Biol.
Chem. 2001, 276, 34371–34378. [CrossRef] [PubMed]

8. Kwon, Y.W.; Kim, I.J.; Wu, D.; Lu, J.; Stock, W.A., Jr.; Liu, Y.; Huang, Y.; Kang, H.C.; DelRosario, R.;
Jen, K.Y.; et al. Pten regulates Aurora-A and cooperates with Fbxw7 in modulating radiation induced tumor
development. Mol. Cancer. Res. 2012, 10, 834–844. [CrossRef] [PubMed]

9. Akhoondi, S.; Sun, D.; von der Lehr, N.; Apostolidou, S.; Klotz, K.; Maljukova, A.; Cepeda, D.; Fiegl, H.;
Dafou, D.; Marth, C.; et al. FBXW7/hCDC4 is a general tumor suppressor in human cancer. Cancer Res. 2007,
67, 9006–9012. [CrossRef] [PubMed]

10. Yeh, C.H.; Bellon, M.; Pancewicz-Wojtkiewicz, J.; Nicot, C. Oncogenic mutations in the FBXW7 gene of adult
T-cell leukemia patients. Proc. Natl. Acad. Sci. USA 2016, 113, 6731–6736. [CrossRef] [PubMed]

11. Galindo-Moreno, M.; Giráldez, S.; Limón-Mortés, M.C.; Belmonte-Fernández, A.; Reed, S.I.; Sáez, C.;
Japón, M.Á.; Tortolero, M.; Romero, F. SCF(FBXW7)-mediated degradation of p53 promotes cell recovery
after UV-induced DNA damage. FASEB J. 2019, 33, 11420–11430. [CrossRef] [PubMed]

12. Tripathi, V.; Kaur, E.; Kharat, S.S.; Hussain, M.; Damodaran, A.P.; Kulshrestha, S.; Sengupta, S. Abrogation of
FBW7α-dependent p53 degradation enhances p53’s function as a tumor suppressor. J. Biol. Chem. 2019, 294,
13224–13232. [CrossRef] [PubMed]

13. Cui, D.; Xiong, X.; Shu, J.; Dai, X.; Sun, Y.; Zhao, Y. FBXW7 Confers radiation survival by targeting p53 for
degradation. Cell Rep. 2020, 30, 497–509. [CrossRef] [PubMed]

14. Bang, S.; Kaur, S.; Kurokawa, M. Regulation of the p53 family proteins by the ubiquitin proteasomal pathway.
Int. J. Mol. Sci. 2019, 21, 261. [CrossRef] [PubMed]

15. Mao, J.H.; Perez-Losada, J.; Wu, D.; DelRosario, R.; Tsunematsu, R.; Nakayama, K.I.; Brown, K.; Bryson, S.;
Balmain, A. Fbxw7/Cdc4 is a p53-dependent, haploinsufficient tumour suppressor gene. Nature 2004, 432,
775–779. [CrossRef] [PubMed]

16. Yokobori, T.; Mimori, K.; Iwatsuki, M.; Ishii, H.; Onoyama, I.; Fukagawa, T.; Kuwano, H.; Nakayama, K.I.;
Mori, M. p53-altered FBXW7 expression determines poor prognosis in gastric cancer cases. Cancer Res. 2009,
69, 3788–3794. [CrossRef] [PubMed]

http://dx.doi.org/10.1073/pnas.0402770101
http://www.ncbi.nlm.nih.gov/pubmed/15150404
http://dx.doi.org/10.1126/science.1065203
http://www.ncbi.nlm.nih.gov/pubmed/11533444
http://dx.doi.org/10.1038/nature09732
http://www.ncbi.nlm.nih.gov/pubmed/21368833
http://dx.doi.org/10.1126/science.1162981
http://www.ncbi.nlm.nih.gov/pubmed/18787170
http://dx.doi.org/10.1016/j.ccr.2005.06.005
http://www.ncbi.nlm.nih.gov/pubmed/16023596
http://dx.doi.org/10.18632/oncotarget.2021
http://www.ncbi.nlm.nih.gov/pubmed/24970797
http://dx.doi.org/10.1074/jbc.M101343200
http://www.ncbi.nlm.nih.gov/pubmed/11425854
http://dx.doi.org/10.1158/1541-7786.MCR-12-0025
http://www.ncbi.nlm.nih.gov/pubmed/22513362
http://dx.doi.org/10.1158/0008-5472.CAN-07-1320
http://www.ncbi.nlm.nih.gov/pubmed/17909001
http://dx.doi.org/10.1073/pnas.1601537113
http://www.ncbi.nlm.nih.gov/pubmed/27247421
http://dx.doi.org/10.1096/fj.201900885R
http://www.ncbi.nlm.nih.gov/pubmed/31337255
http://dx.doi.org/10.1074/jbc.AC119.008483
http://www.ncbi.nlm.nih.gov/pubmed/31346036
http://dx.doi.org/10.1016/j.celrep.2019.12.032
http://www.ncbi.nlm.nih.gov/pubmed/31940492
http://dx.doi.org/10.3390/ijms21010261
http://www.ncbi.nlm.nih.gov/pubmed/31905981
http://dx.doi.org/10.1038/nature03155
http://www.ncbi.nlm.nih.gov/pubmed/15592418
http://dx.doi.org/10.1158/0008-5472.CAN-08-2846
http://www.ncbi.nlm.nih.gov/pubmed/19366810


Cancers 2020, 12, 985 5 of 5

17. Barak, Y.; Juven, T.; Haffner, R.; Oren, M. Mdm2 expression is induced by wild type p53 activity. EMBO J.
1993, 12, 461–468. [CrossRef] [PubMed]

18. Leng, R.P.; Lin, Y.; Ma, W.; Wu, H.; Lemmers, B.; Chung, S.; Parant, J.M.; Lozano, G.; Hakem, R.; Benchimol, S.
Pirh2, a p53-induced ubiquitin-protein ligase, promotes p53 degradation. Cell 2003, 112, 779–791. [CrossRef]

19. Dornan, D.; Wertz, I.; Shimizu, H.; Arnott, D.; Frantz, G.D.; Dowd, P.; O’Rourke, K.; Koeppen, H.; Dixit, V.M.
The ubiquitin ligase COP1 is a critical negative regulator of p53. Nature 2004, 429, 86–92. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1002/j.1460-2075.1993.tb05678.x
http://www.ncbi.nlm.nih.gov/pubmed/8440237
http://dx.doi.org/10.1016/S0092-8674(03)00193-4
http://dx.doi.org/10.1038/nature02514
http://www.ncbi.nlm.nih.gov/pubmed/15103385
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

