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Abstract
F-Box and WD repeat domain-containing 7 (FBXW7) is a key tumor suppressor 
and substrate-recognition component of the Skp1-Cullin-F-box E3 ubiquitin 
ligase complex, responsible for targeting several crucial oncogenic proteins for 
proteasomal degradation. It plays a significant role in preventing the accumulation 
of pro-oncogenic substrates, thereby maintaining cellular homeostasis. Mutations 
or inactivation of FBXW7 disrupt these processes, leading to the stabilization of 
oncogenic proteins such as c-Myc, Notch, myeloid cell leukemia 1, and cyclin E, 
which drive malignant transformation in several cancers, including hematological 
malignancies such as T-cell and B-cell acute lymphoblastic leukemia. These mutations 
contribute to resistance to apoptosis, dysregulated proliferation, and poor prognosis, 
highlighting FBXW7 as a critical factor in leukemia pathogenesis and a promising 
therapeutic target. Here, we review FBXW7’s structure and function, its key substrates 
in leukemia, and therapeutic strategies that restore its function or target the oncogenic 
pathways it regulates. Advances in genome-wide CRISPR screenings and proteomics 
have further illuminated FBXW7’s involvement in multidrug resistance, positioning it 
as a biomarker and therapeutic target for improving leukemia treatment outcomes.

Keywords: F-Box and WD repeat domain-containing 7; Leukemia; Ubiquitin-proteasome 
pathway; c-Myc; Notch; Myeloid cell leukemia 1; Tumor suppressor; Therapeutic target

1. Introduction
1.1. Overview of leukemia

Leukemia is a highly heterogeneous hematologic malignancy, characterized by the 
abnormal proliferation of leukemia cells in the hematopoietic system.1 These cells 
lose normal regulation of proliferation and differentiation. This condition often arises 
from clonal genetic mutations in hematopoietic stem or progenitor cells, which cause 
these cells to transform into leukemia cells under uncontrolled conditions.2 Genetic 
mutations, chromosomal aberrations, and epigenetic alterations not only grant leukemia 
cells abnormal proliferative capacity but also lead to the loss of normal differentiation 
function.3 As a result, these cells remain in an undifferentiated or poorly differentiated 
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state, unable to complete normal differentiation programs, 
and continue to proliferate in the bone marrow, peripheral 
blood, and other tissues. This abnormal proliferation is 
driven by dysregulated cell cycle control, differentiation 
inhibition, and enhanced self-renewal ability. For example, 
certain leukemia cells acquire specific mutations that 
disrupt negative feedback regulation of proliferation, 
further exacerbating uncontrolled cell division by altering 
cyclin expression or activating abnormal signaling 
pathways.4 In addition, these leukemia cells typically lack 
the ability to respond to death signals, allowing them to 
evade apoptosis and enhance their survival within the 
body.5 The unchecked proliferation of leukemia cells 
breaks through normal regulatory mechanisms, leading to 
the accumulation of large numbers of leukemia cells in the 
blood, disrupting hematopoiesis, and triggering a series of 
clinical symptoms, including anemia, thrombocytopenia, 
and neutropenia, which manifest as fatigue, bleeding 
tendencies, and increased susceptibility to infections.6 
Since normal hematopoietic cells in the bone marrow 
are replaced by leukemia cells, the patient’s immune 
function is severely compromised, making them highly 
susceptible to bacterial, viral, and other infections, further 
exacerbating the condition.7 Therefore, the treatment of 
leukemia requires not only controlling the proliferation 
of leukemia cells but also restoring the normal function of 
the hematopoietic system, alleviating the patient’s clinical 
symptoms, and improving their quality of life and survival 
rate.

Leukemia is broadly classified based on the lineage of 
the affected hematopoietic cells (myeloid or lymphoid) 
and the degree of cellular maturity (acute or chronic).8 The 
most common types of leukemia include (Figure 1):
(i)	 Acute myeloid leukemia (AML)9: Characterized by 

the rapid accumulation of immature myeloid blasts in 
the bone marrow.10

(ii)	 Acute lymphoblastic leukemia (ALL)11: Involves 
immature lymphoblasts and is more common in 
children.12 ALL can be further subdivided into T-cell 
ALL (T-ALL)13 and B-cell ALL (B-ALL).14

(iii)	Chronic myeloid leukemia (CML)15: Typically 
progresses from a chronic phase with more mature 
myeloid cells to a more aggressive blast crisis.16

(iv)	 Chronic lymphocytic leukemia (CLL)17: A  slow-
growing leukemia of more mature lymphocytes, 
commonly affecting older adults.

The clinical manifestations of leukemia include fatigue, 
recurrent infections, easy bruising, and bleeding,18 caused by 
the impaired production of normal blood cells.19 Advances 
in molecular diagnostics have revealed a wide array of 
genetic mutations driving the various leukemia subtypes.20 

Key oncogenes and tumor suppressors, such as NOTCH1 
in T-ALL21 and Breakpoint Cluster Region–Abelson (BCR–
ABL)22 in CML, are implicated in the development and 
progression of these malignancies. Understanding the 
molecular landscape of leukemia has enabled more precise 
diagnostic tools and targeted therapies.

1.2. Leukemia in China: Incidence and risk factors

In China, leukemia remains a major public health issue, 
particularly affecting children and young adults.23,24 The 
high incidence of leukemia, along with challenges in early 
diagnosis and treatment, poses complex health threats 
to this population. Due to the incomplete development 
of the immune system in children and young people, 
coupled with susceptibility to environmental pollution, 
genetic factors, and other influences, the incidence of 
leukemia is especially prominent in this group.25 Recent 
epidemiological data indicate that the annual incidence 
of leukemia is approximately 3 – 4  cases per 100,000 
people,26 with ALL being the most common cancer 
among children,27 peaking between the ages of 2 and 5.28 
In adults, the incidence of AML and CLL is relatively 
higher.29 Leukemia has become one of the leading causes 
of cancer-related deaths among children and young adults 
in China. This phenomenon highlights the urgent need for 
improvements in early diagnosis, effective prevention, and 
treatment strategies for leukemia, to reduce the disease 
burden and improve patient survival rates.

Multiple factors are associated with the etiology of 
leukemia, including genetic susceptibility, environmental 
exposures (e.g., radiation, benzene, and pesticides), 
and viral infections. For instance, exposure to ionizing 
radiation or chemical carcinogens has been linked to 
increase leukemia risk.30 Genetic predisposition also 
plays a role, with certain inherited disorders, such as Li–
Fraumeni syndrome31 and Fanconi anemia,32 predisposing 
individuals to leukemia. In addition, viral infections such 
as Epstein-Barr virus33 and human T-cell lymphotropic 
virus type 134 have been implicated in the development of 
leukemia.

1.3. Molecular pathogenesis of leukemia

Leukemia arises from the accumulation of genetic 
mutations35 and chromosomal abnormalities36 that disrupt 
normal cell signaling pathways, cell cycle checkpoints, and 
apoptosis. These genetic lesions often involve oncogenes, 
tumor suppressor genes, and epigenetic regulators, which 
collectively drive the clonal expansion of leukemic cells.

For example, BCR-ABL, generated by the t(9;22) 
chromosomal translocation, is a characteristic marker 
of CML.37 The BCR-ABL fusion protein possesses 
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constitutively active tyrosine kinase activity,38 which drives 
uncontrolled cell proliferation by activating downstream 
signaling pathways such as RAS/MAPK,39 PI3K/AKT,40 
and STAT5,41 thereby promoting leukemia development. 
Similarly, in AML, mutations in genes such as FLT3,42 
NPM1,43 and CEBPA44 are also common. These mutations 
lead to abnormal proliferation of myeloid precursor 
cells and inhibit their differentiation process. In T-ALL, 
mutations in the NOTCH1 gene are frequently observed, 
resulting in continuous activation of the Notch signaling 
pathway, which promotes T-cell proliferation and leukemia 
progression.45 Typical symptoms of T-ALL include 
persistent fever, lymphadenopathy, hepatosplenomegaly, 
anemia, bleeding tendencies (such as petechiae or 
epistaxis), and increased susceptibility to infections.46 In 
addition, mutations in tumor suppressor genes such as 
F-box and WD repeat domain-containing 7 (FBXW7) are 
also common genetic alterations in T-ALL and other types 
of leukemia.47 As an important regulatory factor, FBXW7 
is responsible for the degradation of key oncogenic 
proteins. When FBXW7 function is lost, the stability of its 
oncogenic substrates, such as c-Myc and Notch, increases, 
further promoting leukemia progression and potentially 
leading to treatment resistance.48 Therefore, understanding 
these genetic alterations is of critical importance for the 
diagnosis, prognostic assessment, and development of 
targeted therapeutic strategies for leukemia.

Treatment approaches for leukemia have evolved 
considerably in recent decades, with the advent of 
chemotherapy, targeted therapies, immunotherapy, and 
hematopoietic stem cell transplantation.48 However, 
many patients develop resistance to therapy, relapse, or 
experience significant toxicity, underscoring the need for 
novel therapeutic approaches that target the underlying 
molecular mechanisms of leukemia.

2. Structure and function of FBXW7
2.1. Structural insights into FBXW7

FBXW7 (also known as hCDC4 or SEL-10)49 is one of the 
best-characterized members of the F-box protein family. 
As part of the Skp1-Cullin-F-box (SCF) E3 ubiquitin 
ligase complex, FBXW7 serves as the substrate recognition 
subunit,50 targeting specific proteins for ubiquitin-
mediated degradation through the proteasome. The 
degradation of these substrates is essential for regulating 
critical cellular processes such as cell cycle progression, 
apoptosis, differentiation, and signal transduction.

Substrate specificity of FBXW7 is dictated by its WD40 
repeat domain,51 a β-propeller structure that recognizes 
phosphorylated degron motifs on its target proteins.52 
This interaction is dependent on the phosphorylation 
status of the substrate, often mediated by upstream kinases 
like glycogen synthase kinase 3.53 Once a substrate is 
phosphorylated at specific serine or threonine residues, 
FBXW7 binds to the phosphorylated degron, marking the 
protein for ubiquitination.54

The F-box domain, located at the N-terminal region 
of FBXW7, binds to Skp1,55 anchoring FBXW7 to the 
larger SCF complex. Together with Cullin1 (Cul1)56 and 
Rbx1 (Roc1),57 the SCF complex facilitates the transfer of 
ubiquitin from an E2-conjugating enzyme to the substrate, 
tagging it for proteasomal degradation. This modular 
structure allows FBXW7 to play a crucial role in maintaining 
protein homeostasis by regulating the timely turnover of key 
regulatory proteins involved in oncogenesis (Figure 2).

2.2. The role of FBXW7 in cellular homeostasis and 
tumor suppression

FBXW7 is integral to the regulation of several key cellular 
processes, including cell cycle progression, apoptosis, 

Figure 1. The most common types of leukemia
Abbreviations: B-ALL; B-cell acute lymphoblastic leukemia; T-ALL: T-cell acute lymphoblastic leukemia.
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and differentiation.58 By targeting oncogenic proteins 
for degradation, FBXW7 prevents their accumulation 
and ensures that cells progress through the cell cycle in 
a controlled manner, undergo apoptosis when necessary, 
and maintain proper differentiation. Some of the major 
processes regulated by FBXW7 include (Figure 3):
(i)	 Cell cycle regulation: FBXW7 controls the progression 

of the cell cycle by degrading cyclin E,59 a key regulator 
of the G1-to-S phase transition.60 In the absence of 
FBXW7, cyclin E levels become dysregulated, leading 
to unchecked entry into S phase, excessive DNA 
replication stress, and genomic instability.61

(ii)	 Apoptosis: FBXW7 also regulates apoptosis by 
targeting the anti-apoptotic protein Myeloid 
cell leukemia 1 (MCL-1) for degradation.62 By 
maintaining the appropriate levels of MCL-1, FBXW7 
ensures that cells with significant DNA damage or 
other stressors undergo apoptosis. Dysregulation of 
MCL-1 degradation due to FBXW7 loss contributes to 
apoptosis resistance63 and tumor survival.64

(iii)	Signal transduction: FBXW7 regulates several 
oncogenic signaling pathways, most notably the 
Notch signaling pathway. The Notch intracellular 
domain (NICD)65 is a transcription factor that 
drives the expression of genes critical for T-cell 
development and proliferation.40,66 FBXW7 targets 
NICD for degradation, thus preventing prolonged 
Notch signaling that could otherwise promote 
leukemogenesis.

(iv)	 Differentiation and metabolism: FBXW7 also controls 
the degradation of other key proteins involved in 
cellular differentiation and metabolism,67 including 
transcription factors like KLF568 and metabolic 
regulators like HIF1α.69 By regulating these processes, 
FBXW7 helps maintain cellular quiescence and 
differentiation under physiological conditions.

Mutations in FBXW7 disrupt its ability to bind and 
degrade these substrates, leading to their accumulation 
and the promotion of oncogenic signaling pathways. This 
loss of function is particularly significant in cancers like 
leukemia, where FBXW7 mutations lead to the stabilization 
of proteins that drive uncontrolled proliferation, apoptosis 
evasion, and resistance to chemotherapy.

3. FBXW7 as a tumor suppressor in 
leukemia
3.1. Key substrates of FBXW7 in leukemia

FBXW7 acts as a tumor suppressor by controlling the 
degradation of several key oncogenic proteins. In leukemia, 
the loss or mutation of FBXW7 leads to the accumulation 
of these substrates, promoting leukemogenesis and 
resistance to therapy.70 The most critical FBXW7 substrates 
implicated in leukemia include (Figure 4):
(i)	 c-Myc: c-Myc is a master regulator of cell growth, 

metabolism, and proliferation. It is a transcription 
factor that drives the expression of genes involved 
in ribosome biogenesis,71 nucleotide metabolism,72 
and cell cycle progression.73 In normal cells, FBXW7 
tightly regulates c-Myc levels by targeting it for 
ubiquitin-mediated degradation.74 Mutations in 
FBXW7 that prevent the degradation of c-Myc lead 
to its accumulation, driving oncogenic transcriptional 
programs that promote uncontrolled cell proliferation 
and metabolic reprogramming in leukemia cells.75

(ii)	 Notch: The Notch signaling pathway is crucial for 
normal T-cell development, but in T-ALL, mutations 
in FBXW7 or in NOTCH1 result in the stabilization 
of the NICD.76 This sustained activation of Notch 
signaling drives the proliferation of leukemic cells and 
impairs their differentiation, contributing to disease 
progression.77

Figure 2. Structure and function of FBXW7
Abbreviations: CUL1: Cullin 1; E2: Ubiquitin-conjugating enzyme E2; FBXW7: F-box and WD repeat domain-containing 7; RBX1: RING-box protein 1; 
SKP1: S-phase kinase-associated protein 1; Ub: Ubiquitin.
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(iii)	Cyclin E: Cyclin E is a regulator of the G1-to-S phase 
transition in the cell cycle, and its degradation is 
necessary to maintain normal cell cycle progression.78 
In FBXW7-mutant leukemia cells, cyclin E is stabilized, 
resulting in enhanced entry into S phase, leading 
to excessive DNA replication stress and genomic 
instability, both of which drive leukemogenesis.79

(iv)	 MCL-1: MCL-1 is a member of the BCL-2 family 
of anti-apoptotic proteins, and its overexpression 
is frequently observed in chemotherapy-resistant 
leukemia.80 FBXW7 targets MCL-1 for degradation, 

and the loss of FBXW7 function in leukemia leads to 
the stabilization of MCL-1, allowing leukemic cells to 
evade apoptosis and survive under chemotherapeutic 
pressure.50

(v)	 SREBP1: Recent studies have identified SREBP1, a key 
regulator of lipid metabolism, as another substrate 
of FBXW7.81 SREBP1 plays a role in metabolic 
reprogramming in cancer cells, and its stabilization 
in FBXW7-mutant leukemias may contribute to the 
altered metabolism that supports rapid cell growth 
and survival under stress conditions.82

Figure 4. Key substrates of FBXW7 in leukemia
Abbreviations: c-Myc: Cellular myelocytomatosis oncogene; Cyclin E: Cyclin E protein involved in cell cycle regulation; MCL-1: Myeloid cell leukemia 1; 
Notch: Notch receptor protein involved in cell signaling; SREBP1: Sterol regulatory element-binding protein 1.

Figure 3. Major biological processes regulated by FBXW7. (A) Cell cycle regulation; (B) apoptosis; (C) signal transduction; and (D) differentiation and 
metabolism.
Abbreviations: Cyclin E: Cyclin E protein involved in cell cycle regulation; FBXW7: F-box and WD repeat domain-containing 7; HIF-1 α: Hypoxia-
inducible factor 1 alpha; MCL-1: Myeloid cell leukemia 1; T-cell: T lymphocyte, a type of immune cell.
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In addition, FBXW7 also regulates the degradation 
of other key proteins, such as the cell cycle regulator and 
negative modulator p27. Stabilization of p27 leads to cell 
cycle arrest and may promote tumor cell proliferation.83 
Similarly, c-Jun, a transcription factor involved in 
cellular stress responses and proliferation regulation, is 
also controlled by FBXW7.84 When FBXW7 undergoes 
mutation or loss of function, the stability of these substrates 
increases, further driving tumor cell proliferation, survival, 
and resistance to treatment. Notably, the accumulation of 
oncogenic proteins such as c-Myc, Notch, cyclin E, and 
MCL-1, due to impaired FBXW7 activity, becomes a central 
factor in the pathogenesis of leukemia. This stabilization of 
key oncogenic proteins not only drives the progression of 
leukemia but also contributes to resistance to conventional 
therapies, highlighting FBXW7 as a critical target for 
therapeutic intervention.

4. Therapeutic targeting of FBXW7 in 
leukemia
The role of FBXW7 in regulating oncogenic proteins makes 
it an attractive therapeutic target for treating leukemia, 
particularly in cases where its loss contributes to resistance 
to therapy. Therapeutic strategies are being developed to 
either restore FBXW7 function or target the oncogenic 
proteins stabilized by FBXW7 mutations (Figure 5).

4.1. Targeting FBXW7 substrates

Given that the loss of FBXW7 leads to the accumulation 
of specific oncogenic proteins,85 therapeutic strategies 
aimed at these substrates represent promising approaches 
for overcoming FBXW7-related oncogenesis. Current 
strategies include:
(i)	 c-Myc inhibition: The accumulation of c-Myc in 

FBXW7-deficient leukemias suggests that inhibiting 
c-Myc could be a promising therapeutic approach. 
BET-bromodomain inhibitors, such as JQ1,86 reduce 
c-Myc transcription by preventing BET proteins from 
binding to acetylated histones at c-Myc target gene 
promoters.87 Preclinical studies have shown that BET 
inhibitors can reduce c-Myc-driven transcription, 
leading to decrease leukemia cell proliferation and 
enhanced apoptosis.88

(ii)	 Notch inhibition: In T-ALL, aberrant Notch signaling 
is a key driver of disease progression.89 Gamma-
secretase inhibitors (GSIs), which block the cleavage 
of Notch receptors and prevent the release of 
NICD, have shown promise in preclinical models of 
T-ALL.90 However, the use of GSIs has been limited 
by gastrointestinal toxicity, highlighting the need 
for more selective Notch inhibitors or combination 
therapies that reduce off-target effects.91

(iii)	MCL-1 inhibition: The stabilization of MCL-1 in 
FBXW7-deficient leukemia contributes to apoptosis 
resistance and chemotherapy failure.92 Small molecule 
inhibitors of MCL-1, such as S63845, have shown 
potent activity in preclinical models of leukemia.93 
These inhibitors work by disrupting the interaction 
between MCL-1 and pro-apoptotic proteins, 
restoring apoptotic sensitivity and overcoming drug 
resistance.

4.2. Restoring FBXW7 function

Restoring the function of FBXW7 represents a 
promising therapeutic strategy, particularly for leukemia 
cases driven by FBXW7 mutations. These mutations 
frequently occur in the WD40 substrate recognition 
domain, a critical region responsible for the specific 
binding between FBXW7 and its target proteins.94 Such 
mutations impair FBXW7’s ability to bind its substrates, 
thereby hindering the ubiquitination and subsequent 
degradation of multiple oncogenic proteins, leading to 
their abnormal accumulation within cells. As a key tumor 
suppressor, FBXW7 is responsible for the degradation 
of several pivotal oncogenic proteins, including c-Myc, 
Notch, and cyclin E. Loss of FBXW7 function disrupts 
cellular homeostasis, induces uncontrolled cell cycle 
progression, impairs differentiation, and promotes 
tumor development.95 In leukemia, the loss or mutation 
of FBXW7 results in the sustained stabilization of these 
oncogenic substrates, which continuously drive leukemic 
cell proliferation, accelerate disease progression, 
and contribute to treatment resistance. Therefore, 
restoring or substituting FBXW7 function may reinstate 
proper degradation of these oncogenic proteins, 
suppress leukemic cell growth, and enhance treatment 
responsiveness, offering a novel and hopeful direction 
for targeted leukemia therapy. Several strategies are 
being explored, including:
(i)	 Gene therapy: Advances in CRISPR-Cas9 gene-editing 

technology have made it possible to correct loss-of-
function mutations in FBXW7,96 potentially restoring 
its tumor-suppressive function.97 By introducing 
functional copies of the FBXW7 gene into leukemia 
cells, it may be possible to re-establish the degradation 
of oncogenic proteins, thereby suppressing tumor 
growth.

(ii)	 Small molecule stabilizers: Another approach involves 
the development of small molecules that stabilize 
FBXW7 or enhance its activity. By promoting the 
interaction between FBXW7 and its substrates, 
these molecules could restore the tumor-suppressive 
function of FBXW7, even in cells with partial loss-of-
function mutations.
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(iii)	Proteolysis-targeting chimeras (PROTACs): PROTACs 
are an emerging class of therapeutics designed to target 
specific proteins for ubiquitin-mediated degradation.98 
By harnessing the cell’s natural degradation machinery, 
PROTACs can selectively degrade proteins that are 
otherwise considered “undruggable.”99 Developing 
PROTACs that target key FBXW7 substrates, such as 
c-Myc, could provide a novel therapeutic strategy for 
FBXW7-deficient leukemias.

5. Challenges and future directions
5.1. Challenges in FBXW7 research

Despite the growing understanding of FBXW7’s role in 
leukemia, several challenges remain:
(i)	 Mutation heterogeneity: FBXW7 mutations exhibit 

significant heterogeneity,100 typically occurring in 
various regions of the WD40 domain, which affects 

substrate recognition.101 This mutational heterogeneity 
complicates the development of therapeutic strategies, 
as different FBXW7 mutations may lead to dysregulated 
degradation of distinct substrates, thereby influencing 
the proliferation, metabolism, and survival pathways 
of leukemia cells. For example, c-Myc and Notch 
are primarily involved in cell cycle regulation102 and 
differentiation inhibition,103 while MCL-1 and cyclin 
E are associated with the regulation of apoptosis and 
DNA replication stress.104,105 As a result, different 
FBXW7 mutations may lead to the accumulation of 
specific oncogenic substrates, altering the biological 
characteristics and therapeutic response of leukemia 
cells. Some mutations may only affect the degradation 
of c-Myc, while others may stabilize multiple substrates, 
thus enhancing the resistance of leukemia cells to 
treatment.106 The diversity of these mutations makes 

Figure 5. Therapeutic targeting of FBXW7 in leukemia
Abbreviations: AC: Activator complex; ADAM: A disintegrin and metalloproteinase; BET: Bromodomain and extraterminal domain proteins; c-Myc: 
Cellular Myelocytomatosis oncogene; FBXW7: F-box and WD repeat domain-containing 7; GSIs: Gamma-secretase inhibitors; MCL-1: Myeloid cell 
leukemia 1; NICD: Notch intracellular domain; POI: Protein of interest.
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a one-size-fits-all treatment approach ineffective, 
necessitating the development of personalized 
therapeutic strategies based on the specific mutation 
type and substrate stabilization pattern. This approach 
requires therapeutic strategies targeting the specific 
degradation dysregulation of substrates to improve the 
precision and efficacy of treatment.

(ii)	 Redundancy in degradation pathways: Other E3 
ligases, such as β-TrCP, may compensate for the loss 
of FBXW7 in certain contexts, reducing the efficacy 
of therapies aimed at restoring FBXW7 function.107 
Understanding the redundancy within the ubiquitin-
proteasome system and identifying the contexts 
in which FBXW7 is indispensable will be key to 
developing more effective targeted therapies.

(iii)	Therapeutic resistance: Leukemia cells with FBXW7 
mutations often develop resistance to standard 
chemotherapies and targeted therapies. This resistance 
is driven by the stabilization of oncogenic substrates 
such as MCL-1 and c-Myc, which promote cell survival 
even in the presence of cytotoxic agents.108 Overcoming 
this resistance will require the development of more 
effective therapies that target these stabilized proteins 
or their downstream signaling pathways.

(iv)	 “Undruggable” substrates: Many key FBXW7 
substrates, such as c-Myc and MCL-1, have long been 
considered “undruggable” due to the lack of well-
defined small molecule binding pockets.109 However, 
recent advancements in drug discovery, particularly 
the development of PROTAC technology, have 
opened new possibilities for targeting these proteins. 
PROTACs overcome the limitation of traditional 
small molecule inhibitors, which cannot directly bind 
to their targets, by inducing the degradation of target 
proteins.110 This approach provides a novel pathway 
for treating these challenging targets. Nevertheless, 
there remain several technical challenges that must 
be addressed for clinical success. First, the target 
selectivity of PROTACs needs to be further improved 
to ensure specific degradation of the target protein 
without triggering off-target effects.111 Second, the 
bioavailability and pharmacokinetic properties of 
PROTACs require optimization, particularly in 
terms of stability in vivo and the ability to penetrate 
cell membranes.112 In addition, the efficacy of 
PROTACs in different types of tumors or other 
diseases is not yet fully understood, and enhancing 
their effectiveness in heterogeneous diseases remains 
a significant challenge. Only by overcoming these 
technical obstacles can PROTACs achieve true clinical 
translation and drive the advancement of targeted 
therapies for “undruggable” substrates.

5.2. Future directions

To overcome these challenges, several key areas of research 
should be prioritized:
(i)	 Advanced preclinical models: Developing genetically 

engineered mouse models113 and patient-derived 
xenografts114 that accurately recapitulate the spectrum 
of FBXW7 mutations found in human leukemia will be 
essential for studying the biological consequences of 
FBXW7 loss and testing novel therapeutic strategies. 
These models will also help to delineate the contexts 
in which FBXW7 plays a critical role in tumor 
suppression.

(ii)	 Identification of novel substrates: Although several 
key substrates of FBXW7 have been identified, it is 
likely that additional oncogenic proteins are regulated 
by FBXW7. High-throughput proteomic approaches, 
such as mass spectrometry-based interactome 
studies,115 could be used to identify new substrates and 
expand the repertoire of therapeutic targets.

(iii)	Combination therapies: Given the complexity of 
FBXW7’s role in regulating multiple oncogenic 
pathways, combination therapies that target both 
FBXW7 substrates and compensatory mechanisms 
are likely to be more effective than monotherapies.116 
Rationally designed combination therapies that 
include c-Myc or MCL-1 inhibitors, in conjunction 
with standard chemotherapy or immune checkpoint 
inhibitors, could enhance treatment efficacy and 
overcome resistance.

(iv)	 Restoring FBXW7 function: Gene therapy and 
small molecule stabilizers offer promising avenues 
for restoring FBXW7 function in leukemia cells.117 
Continued research into the mechanisms that 
regulate FBXW7 stability and activity will be crucial 
for developing these therapies. In addition, small 
molecules that enhance the interaction between 
FBXW7 and its substrates may provide an alternative 
approach to restoring its tumor-suppressive function.

(v)	 Biomarker development for personalized medicine: 
As our understanding of the molecular consequences 
of FBXW7 mutations deepens, incorporating FBXW7 
status as a biomarker of therapeutic response into 
clinical practice becomes essential for personalized 
treatment. Biomarkers of therapeutic response 
are molecular or genetic features that predict how 
a patient will respond to specific treatments. In 
cancers such as leukemia, these biomarkers reflect 
tumor cell sensitivity or resistance to particular 
therapies. For instance, the status of FBXW7, whether 
through mutations or functional loss, serves as a key 
indicator of how tumor cells will respond to targeted 
therapies or conventional chemotherapy.118 FBXW7 
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regulates the degradation of several oncogenic 
proteins, including c-Myc, Notch, and cyclin E, and 
mutations in FBXW7 can lead to the accumulation 
of these substrates, which, in turn, alters the tumor 
cell’s response to various treatments. For example, 
the accumulation of c-Myc may increase tumor cell 
sensitivity to certain chemotherapy drugs,119 while 
the stabilization of MCL-1 could enable leukemia 
cells to evade apoptosis and develop chemotherapy 
resistance.120 By monitoring FBXW7 mutations and 
the accumulation of its substrates, clinicians can 
better predict how patients will respond to specific 
treatment regimens, enabling the development of 
more targeted therapeutic strategies. Biomarkers 
based on the FBXW7 mutation spectrum or substrate 
accumulation can help identify patients most likely to 
benefit from particular treatments, including targeted 
inhibitors or combination therapies. Moreover, the 
advancement of liquid biopsy techniques, such as 
circulating tumor DNA analysis,121 offers the ability 
to monitor FBXW7 mutations in real-time, further 
facilitating personalized treatment approaches. 
This technology allows for the dynamic tracking of 
tumor genomic changes during treatment, providing 
crucial information for optimizing therapeutic plans, 
adjusting drug dosages, and monitoring recurrence.

6. Conclusion
FBXW7 plays a pivotal role in regulating cell cycle 
progression, apoptosis, and signal transduction by targeting 
key oncogenic proteins involved in these processes for 
ubiquitin-mediated proteasomal degradation. In leukemia, 
loss or mutation of FBXW7 leads to the accumulation 
of substrates such as c-Myc, Notch, and MCL-1, which 
not only drive leukemogenesis but also contribute to 
therapeutic resistance. Although directly targeting FBXW7 
or restoring its function remains technically challenging, 
alternative therapeutic strategies aimed at inhibiting its 
downstream effectors or compensating for its loss have 
shown promising potential. For instance, synthetic lethality 
approaches offer novel therapeutic avenues for FBXW7-
deficient malignancies. Following FBXW7 inactivation, 
leukemia cells often become reliant on compensatory 
survival pathways – such as the mTOR signaling axis – 
making them selectively vulnerable to mTOR inhibitors 
without affecting normal cells. Furthermore, advances in 
gene therapy and gene editing technologies, particularly 
CRISPR-Cas9, provide a theoretical and technical 
framework for correcting FBXW7 mutations. This holds 
the potential to restore its ubiquitination function, thereby 
re-establishing the balance of cell proliferation and 
differentiation. In addition, the growing implementation 

of precision medicine has enabled the development of 
individualized therapeutic strategies based on a patient’s 
specific FBXW7 mutational landscape or functional status. 
By integrating molecular diagnostic data, clinicians can 
select more targeted drug regimens, thereby enhancing 
treatment efficacy while minimizing off-target toxicity. 
Concurrently, the development of therapeutics targeting 
FBXW7-associated signaling networks is actively 
progressing, with several candidate compounds already 
in preclinical or early clinical stages. Looking ahead, the 
integration of these emerging therapeutic modalities 
with patient-specific genomic profiling is expected to 
substantially improve the precision and effectiveness of 
leukemia treatment, ultimately contributing to enhanced 
long-term survival and clinical outcomes.
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