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Abstract
WD repeat domain 4 (WDR4) is an essential member of the WD-repeat protein family, 
known for its regulatory roles in cellular processes critical to cancer development, 
including RNA modification, protein stability, cell cycle progression, and apoptosis. 
Studies have shown that WDR4 plays a pivotal role in tumorigenesis across various 
cancer types, with a particular focus on breast cancer in this study, where its 
overexpression is closely associated with aggressive tumor characteristics and poorer 
patient outcomes. As a scaffold protein, WDR4 is involved in N7-methylguanosine 
tRNA methylation and ubiquitin-mediated protein degradation, thereby 
regulating RNA stability, protein synthesis, and cell survival. This review provides a 
comprehensive analysis of WDR4’s molecular mechanisms, its oncogenic functions 
across different cancer types, and its interactions with other key factors in the tumor 
microenvironment, further exploring its potential role in tumor progression. As 
research on WDR4 progresses, we not only gain a deeper understanding of its complex 
role in tumor biology but also uncover new therapeutic avenues. In particular, the 
potential of WDR4 as a biomarker and therapeutic target is increasingly recognized. 
Despite the challenges faced in its clinical application, such as the difficulty in 
developing targeted therapies and managing side effects, the future prospects of 
WDR4 in cancer diagnosis and treatment remain promising, and it is expected to 
emerge as an effective therapeutic target in the near future.
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1. Introduction
1.1. Molecular and functional overview of WD repeat domain 4 (WDR4)

WDR4 belongs to the WD-repeat protein family, defined by the presence of WD40 repeat 
motifs that enable extensive protein-protein interactions.1 These WD40 domains form 
a stable beta-propeller structure (Figure 1), providing WDR4 with a large interaction 
surface that supports its role as a scaffold protein in critical cellular pathways. Located 
on chromosome 21q22.3, WDR4 encodes a protein consisting of 311 amino acids, 

*Corresponding author: 
Bin Liu 
(liubin@jou.edu.cn)

Citation: Zou X, Tao L, 
Liu B. WD repeat domain 4 
in tumorigenesis: Molecular 
mechanisms, cancer-type specific 
roles, and therapeutic potential. 
Tumor Discov. 2025;4(1):37-46. 
doi: 10.36922/td.5830

Received: November 9, 2024

1st revised: December 31, 2024

2nd revised: January 16, 2025

Accepted: January 21, 2025

Published online: February 5, 
2025

Copyright: © 2025 Author(s). 
This is an Open-Access article 
distributed under the terms of the 
Creative Commons Attribution 
License, permitting distribution, 
and reproduction in any medium, 
provided the original work is 
properly cited.

Publisher’s Note: AccScience 
Publishing remains neutral with 
regard to jurisdictional claims in 
published maps and institutional 
affiliations.

https://dx.doi.org/10.36922/td.5830
https://orcid.org/0009-0003-7858-3752
https://dx.doi.org/10.36922/td.5830
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Tumor Discovery WDR4 in cancer

Volume 4 Issue 1 (2025)	 38� doi: 10.36922/td.5830 

that contributes to essential processes in normal cellular 
function and disease states, including transcriptional 
regulation, signal transduction, protein degradation, and 
cell cycle progression.2

Functionally, WDR4 plays a pivotal role in RNA 
metabolism, particularly in m7G modification of transfer 
RNA (tRNA).3 This post-transcriptional modification is 
critical for stabilizing tRNA, enhancing translation fidelity, 
and ensuring efficient protein synthesis.4,5 In the biological 
characteristics of malignant tumor cells, the stability of 
RNA molecules and the efficiency of their translation 
processes constitute the fundamental mechanisms driving 
the rapid proliferation and growth of cancer cells. By 
modulating tRNA methylation, WDR4 affects RNA 
stability and translation efficiency, driving the increased 
protein synthesis required for oncogenesis.6,7 Consequently, 
the dysregulation of WDR4 leads to a cellular environment 
conducive to tumorigenesis, positioning WDR4 as a 
significant factor in malignant transformation.8,9

In addition to its role in RNA modification, recent studies 
have shown that WDR4 regulates protein stability through 
interactions with the ubiquitin-proteasome system.10 
Specifically, WDR4 facilitates the degradation of tumor 
suppressor proteins and enhances the stability of proteins 
involved in cell cycle progression and resistance to apoptosis.11 
This mechanism may promote tumor cell proliferation and 
survival by selectively modulating the degradation and 
maintenance of critical proteins.12,13 Therefore, WDR4 plays 
a crucial role not only through RNA modification pathways 
but also by influencing protein stability, making it a potential 
therapeutic target in cancer biology.

This dual role in RNA modification and protein stability 
enables WDR4 to regulate several tumor-promoting 
processes, underscoring its potential as a therapeutic target 
in oncology.

1.2. Relevance of WDR4 in cancer

The oncogenic functions of WDR4 in multiple 
malignancies have been studied, including hepatocellular 
carcinoma (HCC),14-16 lung cancer,17-19 head and neck 
squamous cell carcinoma,20 adrenocortical carcinoma,21 
prostate adenocarcinoma,22,23 esophageal squamous cell 
carcinoma,24 hepatoblastoma,25 and Wilms tumor,26 where 
its overexpression or polymorphism has been linked to 

tumor progression, metastasis, and poor patient prognosis. 
In HCC, high expression of WDR4 is associated with 
aggressive disease features, including advanced tumor stage 
and reduced survival, as it supports RNA modifications that 
promote the synthesis of oncogenic proteins by forming a 
complex with methyltransferase like 1 (METTL1), which 
cooperatively regulates the m7G modification of mRNA 
in HCC cells. WDR4 effectively modulates both the 
expression of mRNA and the protein levels of the METTL1 
gene. Moreover, the impact of WDR4 on tRNA m7G levels 
directly mediates the translation of TRIM28, which in turn 
enhances the stemness of cancer stem cells. This process 
contributes to the development of resistance to lenvatinib 
and promotes tumor progression in HCC. In lung cancer, 
WDR4 has been shown to influence cell cycle regulation 
and apoptosis, facilitating rapid cell division and enhanced 
survival under conditions of cellular stress. Similarly, 
in head and neck squamous cell carcinoma, elevated 
expression of WDR4 is linked to disease progression by 
regulating RNA translation through RNA modification. 
This process impacts critical signaling pathways, including 
the PI3K/AKT/mTOR pathway, which are essential for 
promoting oncogenic protein synthesis.20 This regulation 
facilitates tumor growth and may contribute to the 
aggressive behavior characteristic of this malignancy.

This multifaceted role of WDR4 across cancer types 
suggests that its oncogenic mechanisms may vary 
depending on the specific molecular context and the 
surrounding tumor microenvironment. Understanding the 
precise molecular functions and signaling interactions of 
WDR4 in different types of cancer is essential to identifying 
its potential as a therapeutic target and designing targeted 
strategies to selectively inhibit its activity in cancer cells.

2. Molecular mechanisms of WDR4 in 
tumorigenesis
2.1. Structural and functional aspects of WDR4

The oncogenic mechanisms of WDR4 in cancer are mainly 
attributable to its unique structural properties, particularly 
its WD40 repeat domains,27 which form a stable beta-
propeller structure capable of binding diverse cellular 
partners, such as METTL1.28 This structure enables WDR4 
as a scaffold protein that coordinates cellular complexes in 
RNA modification and protein turnover pathways.

Figure 1. The protein structure of WDR4. WDR4 is composed of multiple WD40 domains 
Abbreviations: WDR4: WD repeat domain 4.
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2.1.1. RNA modification and tumorigenesis

WDR4’s role in RNA metabolism is particularly evident 
in its involvement in M7G modification of tRNA, which 
stabilizes tRNA molecules and improves translation 
fidelity.29 Dysregulation of this modification in cancer 
cells contributes to rapid protein synthesis, supporting 
the increased cellular proliferation and metabolic 
demand associated with tumorigenesis.6 In HCC, 
WDR4 overexpression has been shown to enhance m7G 
modification, resulting in the translation of oncogenic 
proteins that promote cell survival and proliferation.30 By 
specifically improving the translation efficiency of these 
tumor-promoting proteins, WDR4 drives cellular processes 
that support malignancy, highlighting its potential as an 
oncogene in RNA metabolism.

2.1.2. Interaction with the ubiquitin-proteasome system

WDR4 also interacts with the ubiquitin-proteasome system, 
influencing protein stability by promoting the degradation 
of tumor suppressor proteins. For instance, in cancer, 
WDR4 facilitates the ubiquitination and degradation of p53, 
a crucial tumor suppressor, enabling cancer cells to evade 
apoptosis.11 This ability to degrade tumor suppressors while 
stabilizing cell cycle regulators allows WDR4 to support 
cell proliferation and survival, which are critical for tumor 
progression. WDR4-mediated ubiquitination of protein 
tyrosine phosphatase, non-receptor type  23 (PTPN23) 
leads to its proteasomal degradation, thereby inhibiting 
the lysosomal transport and degradation of wild-type 
epidermal growth factor receptor (EGFR), EGFR mutants, 
and c-MET. Through this mechanism, WDR4 maintains 
EGFR and c-MET signaling, promoting the proliferation, 
migration, invasion, stemness, and metastasis of non-
small cell lung cancer. In addition, WDR4-mediated 
ubiquitination of promyelocytic leukemia (PML) enhances 
lung tumor growth. Specifically, the degradation of PML 
induced by WDR4 triggers the secretion of a series of cell 
surface or secreted factors, including CD73, urokinase-
type plasminogen activator receptor, and serum amyloid 
A2, which initiate paracrine signaling that stimulates cell 
migration, invasion, and metastasis.13 WDR4-induced 
ubiquitination and degradation of Arhgap17 activate 
Rac1, which prevents the cell cycle exit of granule neuron 
precursor (GNP), thus supporting GNP proliferation and 
ultimately facilitating cell cycle progression, a process 
essential for cerebellar development and motor function.31 
By modulating the ubiquitin-proteasome pathway, WDR4 
effectively tilts the balance between cell survival and 
apoptosis in favor of tumor progression. However, current 
research suggests that WDR4’s role in protein degradation 
might be interconnected with its function in tRNA 
modification, although the exact mechanisms may differ. 

Figure  2 illustrates the molecular mechanisms of WDR4 
in tumorigenesis.

2.2. Regulation of cell cycle and apoptosis

WDR4’s influence on cell cycle progression and apoptosis 
is fundamental to its role in tumorigenesis. Through 
interactions with cell cycle regulators and apoptotic 
pathways, WDR4 promotes cell proliferation while 
inhibiting programmed cell death, creating a cellular 
environment conducive to tumor growth.

2.2.1. Cell cycle control

In several types of cancer, WDR4 overexpression is 
associated with increased levels of cell cycle-promoting 
proteins, particularly those that regulate the G1/S 
transition.32,33 In lung cancer, WDR4’s impact on cyclin 
D1 levels accelerates cell cycle progression by promoting 
the G1/S phase transition, enabling tumor cells to sustain 
high proliferation rates.34 In addition, WDR4’s influence 
on other cyclins and cyclin-dependent kinases may further 
reinforce its role in cell cycle regulation, contributing to 
continuous tumor growth.

2.2.2. Modulation of apoptosis

WDR4’s role in apoptosis resistance is evident in its 
interactions with pro- and anti-apoptotic factors.35,36 In head 
and neck squamous cell carcinoma, WDR4 downregulates 
or degrades p53, reducing cellular sensitivity to apoptosis-
inducing signals.20 Furthermore, WDR4 is associated with 
the upregulation of anti-apoptotic proteins, such as BCL-2, 
which inhibit apoptotic signaling pathways and protect 
cancer cells from programmed cell death.36,37 This ability 
to modulate apoptosis is essential for cancer cell survival, 
particularly under stress conditions, such as nutrient 
deprivation or exposure to chemotherapy.38,39 Figure  3 
illustrates the molecular mechanisms underlying the 
inhibitory effects of WDR4 on the cell cycle and apoptosis 
of cancer cells.

3. WDR4 is associated with multiple 
oncogenic pathways
3.1. PI3K/AKT/mTOR pathway

The PI3K/AKT/mTOR signaling pathway is a crucial 
intracellular regulatory network that plays a key role in 
regulating fundamental biological processes such as cell 
growth, proliferation, survival, metabolism, and motility. 
Abnormal activation of this pathway is closely associated 
with the development of various diseases, particularly 
cancer, diabetes, and neurodegenerative diseases.40-42 PI3K 
(phosphoinositide 3-kinase) is an enzyme that catalyzes 
the phosphorylation of phosphoinositides and their 
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derivatives, primarily initiating downstream signaling by 
generating phosphoinositide (3,4,5)-trisphosphate (PIP3) 
on the cell membrane.43,44 PI3K activates this signaling 
pathway by interacting with receptor proteins on the cell 
membrane, such as growth factor receptors.

PI3K phosphorylates phosphoinositides on the cell 
membrane to produce PIP3, and the accumulation of PIP3 
provides binding sites for downstream kinases like AKT, 

thus activating AKT.45 This process is a core step in the PI3K/
AKT/mTOR signaling pathway. Through the activation of 
AKT, this pathway regulates multiple cellular functions, 
including protein synthesis, metabolic regulation, cell 
cycle control, and anti-apoptotic actions. Moreover, the 
PI3K/AKT/mTOR pathway plays an essential role in the 
initiation and progression of various cancers by regulating 
cell proliferation and survival.46

Figure 2. Molecular mechanisms of WDR4 in tumorigenesis. WDR4 can ubiquitinate and degrade multiple important proteins such as PML, PTPN23, and 
P53. It can also form a complex with METTL1 as a reader of M7G modification, promoting various types of cancers.
Abbreviations: ACC: Adrenocortical carcinoma; ARNT: Aryl hydrocarbon receptor nuclear translocator; EGFR: Epidermal growth factor receptor; 
ESCC: Esophageal squamous cell carcinoma; LIHC: Liver hepatocellular carcinoma; LUSC: Lung squamous cell carcinoma; METTL1: Methyltransferase 
like 1; PML: Promyelocytic leukemia; PRAD: Prostate adenocarcinoma; PTPN23: Protein tyrosine phosphatase non-receptor type  23; SAA2: Serum 
amyloid A2; TNBC: Triple-negative breast cancer; uPAR: Urokinase-type plasminogen activator receptor; WDR4: WD repeat domain 4.

Figure 3. Molecular mechanisms underlying the inhibitory effects of WDR4 on the cell cycle and apoptosis of cancer cells.
Abbreviations: Bak: Bcl-2-associated x protein; Bax: Bcl-2-associated x protein; BCL-2: B-cell lymphoma 2; CDC25C: Cell division cycle 25C; WDR4: WD 
repeat domain 4.
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In liver cancer, studies have shown that WDR4 
may regulate the protein level of CCNB1, influencing 
the activation of the PI3K/AKT signaling pathway 
and promoting tumor progression.12 In head and neck 
squamous cell carcinoma, it has been found that m7G 
tRNA modification mediates the interaction with the PI3K/
AKT/mTOR pathway, regulating the mRNA expression 
profile and further promoting cancer progression.20 This 
suggests the significant role of tRNA modifications in 
tumor metabolism and biological processes. In addition, 
in esophageal squamous cell carcinoma, WDR4 regulates 
m7G modification to affect tRNA expression, activating 
the RPTOR/ULK1/autophagy pathway and contributing to 
cancer development.24 These findings indicate that WDR4, 
as a critical regulatory factor, plays a significant role in 
the onset and progression of various cancers through its 
regulation of the PI3K/AKT/mTOR signaling pathway.

3.2. MAPK pathway

The mitogen-activated protein kinase (MAPK) pathway 
is a critical intracellular signaling pathway involved 
in various physiological processes, including cell 
growth, differentiation, stress response, apoptosis, and 
metabolism.47,48 The activation of the MAPK pathway is 
typically triggered by external stimuli such as growth factors, 
cytokines, and environmental stress.49 On activation, this 
pathway regulates downstream transcription factors and 
other effector molecules, thereby influencing the function 
and fate of the cell.50-52

In pancreatic cancer, the MAPK pathway plays a 
significant role in regulating cell proliferation and survival.53 
The functional role of WDR4 in influencing protein stability 
may extend to the components of the MAPK pathway, 
thereby enhancing their stability and facilitating their 
activation. By modulating MAPK signaling, WDR4 supports 
tumor cell growth and metastasis, positioning it as a potential 
therapeutic target in MAPK-driven pancreatic cancer.

3.3. WNT/β-catenin pathway and epithelial-
mesenchymal transition (EMT) pathway

The WNT/β-catenin pathway is a central signaling 
mechanism that regulates various physiological processes, 
including development, stem cell maintenance, and tissue 
homeostasis.50,54 Dysregulation of this pathway is a key feature 
in the pathogenesis of many diseases, particularly cancer.55,56

The EMT is a biological process in which epithelial 
cells, which are normally tightly bound and organized 
in layers, lose their cell-cell adhesion properties and 
acquire mesenchymal characteristics.57-59 These include 
increased motility, invasiveness, and the ability to degrade 
components of the extracellular matrix.60 EMT is essential 

during embryogenesis, tissue development, and wound 
healing, and plays a significant role in cancer metastasis.61,62

In nasopharyngeal carcinoma, the expression of WDR4 
is significantly elevated, leading to a notable increase in the 
translation efficiency of m7G-modified codon-containing 
mRNA. This enhanced translation efficiency activates the 
WNT/β-catenin signaling pathway, thereby influencing 
the EMT process.63

3.4. EGFR pathway

The EGFR pathway is a critical cellular signaling pathway 
that plays a fundamental role in regulating biological 
processes such as cell proliferation, survival, migration, 
and differentiation. EGFR is a transmembrane receptor 
belonging to the receptor tyrosine kinase family.64-66

In addition to its regulation through the E3 ubiquitin 
ligase-mediated degradation of PTPN23,12 as previously 
discussed, WDR4 has been shown to influence tRNA 
modification by regulating the M7G cap in HCC.14 This 
tRNA modification enhances resistance to lenvatinib, a 
first-line tyrosine kinase inhibitor used in the treatment 
of advanced liver cancer.67 Specifically, WDR4 promotes 
the translation of genes involved in the EGFR signaling 
pathway, contributing to the development of drug 
resistance.

Furthermore, in bladder cancer, WDR4, in collaboration 
with METTL1, modulates tRNA modifications to regulate 
the translation of EGFR and EGF-containing fibulin-like 
extracellular matrix protein 1 (EFEMP1).68 This process 
activates the EGFR signaling pathway, emphasizing 
the significant role of tRNA modifications and their 
interaction with key oncogenic signaling pathways in 
cancer progression and drug resistance. Figure 4 illustrates 
the key role of WDR4 in the pathway.

4. Clinical implications and therapeutic 
potential of WDR4
4.1. WDR4 as a prognostic and predictive biomarker

Elevated WDR4 expression across multiple cancers 
correlates with poor clinical outcomes, underscoring its 
potential as a prognostic and predictive biomarker. High 
levels of WDR4 expression in patient samples correlate with 
increased metastasis, reduced survival rates, and resistance 
to standard therapies, suggesting its use as a biomarker for 
assessing tumor aggressiveness and therapeutic resistance.

4.2. Therapeutic targeting of WDR4

Several approaches are applied to target WDR4’s oncogenic 
activity, including small-molecule inhibitors, RNA 
interference, gene editing, and combination therapies.
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4.2.1. Small-molecule inhibitors

Developing small molecules that specifically inhibit 
WDR4’s scaffold function or its involvement in RNA 
modification could hinder its tumor-promoting functions. 
However, achieving high specificity is challenging due to 
WDR4’s role in normal cellular processes. Structure-based 
drug design and high-throughput screening could help 
identify compounds with optimal selectivity, minimizing 
off-target effects and preserving normal cellular functions.69

4.2.2. RNA interference and antisense 
oligonucleotides

RNA interference and antisense oligonucleotides targeting 
WDR4 mRNA offer a means to selectively reduce its 
expression in cancer cells, without affecting normal tissues. 
Pre-clinical studies have shown that silencing WDR4 in HCC 
and lung cancer models reduces tumor cell proliferation, and 
invasion, and promotes apoptosis.14,17 Optimizing delivery 
systems, such as nanoparticle-based delivery, could improve 
these RNA-based therapies’ tumor specificity and efficacy.70

4.2.3. Gene editing using CRISPR/Cas9

CRISPR/Cas9-mediated gene editing provides a precise 
approach to knocking out or reducing WDR4 expression 

in cancer cells. CRISPR-based WDR4 silencing in triple-
negative breast cancer and HCC models has shown 
promise in reducing tumor growth and metastasis. Viral 
and non-viral vectors, such as lipid nanoparticles, are 
being explored to improve delivery efficiency, although 
managing off-target effects and ensuring specificity remain 
critical.18

4.2.4. Combination therapy approaches

Combining WDR4-targeted therapies with other 
treatments, such as cell cycle inhibitors, PI3K/mTOR 
pathway inhibitors, or immune checkpoint inhibitors, 
could enhance therapeutic efficacy. For example, in 
cancers where WDR4 stabilizes PI3K/Akt/mTOR pathway 
components, combination therapies with PI3K inhibitors 
may improve outcomes by inhibiting complementary 
survival pathways.

4.3. Challenges in clinical translation

Translating therapies targeting WDR4 into clinical practice 
faces several challenges. These include ensuring treatment 
selectivity to avoid toxicity in normal tissues, addressing 
tumor heterogeneity, and deepening our understanding of 
WDR4’s role in normal physiology. To effectively overcome 

Figure 4. The key role of WDR4 in signaling pathway. WDR4 has the ability to modulate several signaling pathways, thereby contributing to the onset and 
progression of cancer.
Abbreviations: AKT: Protein kinase B; EGFR: Epidermal growth factor receptor; EMT: Epithelial-mesenchymal transition; GSK3: Glycogen synthase 
kinase 3; IKB: Inhibitor of kappa B; IKK: IκB kinase; MAPK: Mitogen-activated protein kinase; NFκB: Nuclear factor kapp B; TWIST: Twist family BHLH 
transcription factor; WDR4: WD repeat domain 4; WNT: WD repeat domain 4; ZEB: Zinc finger E-box binding homeobox.
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these obstacles and fully realize the therapeutic potential 
of WDR4, advanced drug design, and innovative delivery 
systems will be critical. Specifically, developing highly 
selective inhibitors or modulators will help minimize 
side effects on non-tumor cells. In addition, personalized 
therapeutic strategies may be more effective in addressing 
the heterogeneity of different tumor types. Further research 
into the function of WDR4 in normal cells and tissues is 
warranted to explore strategies for avoiding unwanted side 
effects and for achieving precision treatment. Therefore, 
integrating basic research with clinical needs and fostering 
multidisciplinary collaboration in drug development 
are key steps toward the successful clinical translation of 
WDR4-targeted therapies.

5. Future directions for WDR4 research in 
cancer
To validate the therapeutic potential of WDR4-targeting 
strategy, future research should focus on mapping its 
interaction networks, developing precise preclinical 
models, exploring combination therapy approaches, and 
investigating its role in cancer stem cells and drug resistance. 
Understanding how WDR4 influences cancer biology and 
its interactions within the tumor microenvironment will 
be essential to unlock its potential as a therapeutic target.

6. Conclusion
Given its roles in RNA modification, protein stability, 
cell cycle regulation, and immune modulation, WDR4 
represents a promising target in cancer therapy. Its 
overexpression and association with aggressive tumor 
phenotypes underscore its potential as both a biomarker 
and a therapeutic target. Advances in structural biology, 
preclinical modeling, and combination therapies could 
transform WDR4 into a cornerstone of cancer treatment, 
offering new hope for patients with aggressive and 
treatment-resistant cancers. Continued research into 
its molecular functions and interactions will be critical 
for translating WDR4-targeted therapies from bench to 
bedside.
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