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INTRODUCTION

With the research development with WD40 repeat 
(WDR) domain-containing proteins, play vital roles in 
diverse biological processes. Typically, the WDR domain 
contains 4-8 repeating sequence units of 40-60 amino acids 
ending with a tryptophan-aspartate (WD) dipeptide [1]. 
Thus far, it has been recognized as the fourth most abundant 
domain in the human proteome [1].WDR domain-contain-
ing proteins generally contain at least one such domain, and 
the commonest one contains seven repeats folded into a 
seven-bladed β propeller [2]. Owing to the complex struc-
ture of WDR domains, they often act as essential subunits of 
multiprotein complexes involved in a variety of cellular pro-
cesses, including signaling transduction, DNA damage sens-
ing and repair, the ubiquitin–proteasome system, cell growth 
and division, epigenetic regulation of gene expression and 
chromatin organization [3-6]. As a result, members of this 

WDR domain-containing protein family are characterized 
by unique functions [7]. 

WDR76 is a poorly characterized protein which is pre-
dicted to be a member of the WDR domain-containing 
superfamily [8]. It was predicted that the crystal structure of 
WDR76 includes a β propeller architecture containing seven 
WD40 blades, which determines its specific functions to a 
large extent. YDL156w/changed mutation rate 1 (YDL156w/
CMR1), the homologue of WDR76, was first described in 
Saccharomyces. cerevisiae; it has exhibited histone affinity [9]. 
Moreover, it participates in diverse biological process, includ-
ing UV-damage DNA binding[10], DNA metabolism [11], 
promotion of transcription [12], etc. The mouse homologue of 
WDR76 showed strong binding affinity for to H3K27 acetyla-
tion (H3K27ac) and H3 lysine 4 trimethylation (H3K4me3) in 
mouse embryonic stem cells [13]. Further research studies on 
the function of WDR76, have demonstrated that it is involved 
in multiple distinct pathophysiological processes, particularly 
in different diseases including tumorigenesis [14, 15]. Until 
now, WDR76 has shown to play a vital role in types of cancer, 
such as liver cancer[16] and colorectal cancer (CRC) [17].

According to the currently available results, WDR76 is iden-
tified as a hub protein. However, the current understanding of 
WDR76 compared to other members of WDR domain-con-
taining superfamily is very limited. Hence, the present review 
summarized the recent progress on WDR76 research with the 
aim to better understand the WDR76 protein and eventually 
lead to potential clinical target therapy in different diseases. 

Structure of the WDR domain and WDR76

Generally, the WDR domain contains a conserved ser-
ine-histidine and WD motif and it can retain its β propeller 
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ABSTRACT

The WD40 repeat (WDR) domain is one of the most abundant protein interaction domains in the human proteome. More than 360 protein 
interaction domains have been annotated thus far. The WDR domains mediate interactions with peptide regions of important interaction part-
ners in a variety of biological processes. Proteins with the WDR domain which typically contains a seven-bladed β propeller, are continuously 
being discovered. They represent a large class of proteins that are likely to play important roles. WD40 repeat domain-containing protein 76 
(WDR76) is a member of WDR domain-containing proteins. Although it remains poorly understood, it is potentially involved in DNA damage 
repair, apoptosis, cell cycle progression, and gene expression regulation. Ongoing research on WDR76 is increasing the knowledge regarding 
its basic functions and role in different pathophysiological. The study of WDR76 is challenging due to the complexity of its interactions with 
its partners. In the present review, we summarized the current knowledge regarding WDR76, its physiological functions, the close relationship 
with human diseases, and potential opportunities for target therapy.

KEYWORDS: WD40 repeat; WDR76; ubiquitination; human disease

RESEARCH ARTICLE

©The Author(s) (2021). This work is licensed under a Creative 
Commons Attribution 4.0 International License



Jie Yang, et al.: WDR76 with specific structure and interactions in diseases

Bosn J Basic Med Sci. 2021;21(5):528-534 529 www.bjbms.org

Diverse interactions of WDR76

Similar to a large number of members of the WDR 
domain-containing protein family, WDR domain-contain-
ing proteins may present their specific functions through 
sequences outside the WDR domain. Thus far, limited research 
evidence suggested that WDR76 participates in several inter-
action processes, such as the protein-protein interaction (PPI) 
network showed in Figure 2 according to STRING database 
(https://string-db.org) [30]. However, according to the cur-
rently available research findings, thymocyte nuclear protein 
1 (THYN1), WD40 repeat domain-containing protein 75 
(WDR75), and FERM domain-containing protein 5 (FRMD5) 
have only been mentioned together with WDR76 in other 
organisms. XPC, LON peptidase N-terminal domain and 
ring finger 1 (LONRF1), nei like DNA glycosylase 1 (NEIL1), 
and SHC binding and spindle associated 1 (SHCBP1) are 

fold due to its structural adaptability [18]. Each blade further 
comprises a four-stranded anti-parallel β-sheet [19, 20]. The 
WDR domain usually acts as a scaffold present in large mul-
tiprotein complexes [1]. Based on tis three-dimensional struc-
ture, the top, bottom, and side surfaces of the WDR domain 
can simultaneously act as interaction sites for various binding 
partners, including peptides, proteins, RNA and DNA [21]. 
For example, the WDR domain of DNA-damage-binding 
protein 1 (DDB1) binds to damaged DNA [22], while the WD 
repeat domain-containing protein 5 (WDR5) binds to methyl-
ated arginine [23]. 

The WDR domain, which is best characterized in 
Saccharomyces.cerevisiae for interactomes, is the fourth most 
abundant domain in the human proteome [1]. Because of the 
low sequence conservation and functional diversity of WDR 
domains, it is difficult to identify all the WDR domain-con-
taining proteins. An algorithm termed WDSP was devel-
oped to detect a large number of WDR domain-containing 
proteins from different species [24, 25]. For most of those, 
further exploration is required to reveal their structures and 
functions. It was reported that the WDR domain is part of 
a larger class of β propeller domains, which do not have 
sequence similarity but exhibit structurally similar folds. 
These domains are involved in numerous potential complex 
functions [26, 27].

WDR76 is a poorly characterized member of the WDR 
domain-containing protein family. Recently, Dayebgadoh 
et al carried out a phylogenetic analysis on 17 different 
sequences of WDR76 homologues downloaded from the 
National Center for Biotechnology Information (NCBI) [8]. 
The results showed that human WDR76 was closer to its 
homologues in vertebrates versus non-vertebrates, and it 
was closet to WDR76 in Macaca mulatta. Moreover, they 
predicted the presence of a C-terminal WDR domain in 
all 17 homologues of WDR76 including human WDR76. 
Therefore, it appears that WDR76 is conserved in higher 
eukaryotes. Currently, the crystal structure of human 
WDR76 not been determined, Swiss Model [28], a web-
based sever, was used to visualize the structure of WDR76 
(Figure 1). The analysis confirmed that the three-dimensional 
structure of the WDR domain of WDR76 included a coiled β 
propeller architecture containing seven WD40 blades. WD1 
(blue colored) was the first N-terminal WD40 blade and 
WD7 (red colored) was the last C-terminal WD40 blade. 
More recently, Mistry et al indicated that WDR76 protein is 
a member of the DDB1 and CUL4-associated factor (DCAF) 
subfamily by utilizing the search terms WD40, DDB1-
binding/WD40 domain (DWD), CUL4-DDB1-associated 
WDR (CDW), DCAF, DDB1/2 and CUL4 in the available 
public databases and PubMed [29].

FIGURE 1. Three-dimensional predicated structure of WDR76 
with web-based sever Swiss Model. Different color represents 
seven WD40 blades. WDR76: WDR domain-containing protein 
76. 

FIGURE 2. Analysis of WDR76 protein interaction network. 
WDR76: WDR domain-containing protein 76.
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co-expressed with WDR76 in different organisms other than 
homo sapiens. Only the remaining proteins, including DDB1, 
helicase, lymphoid specific (HELLS), and replication protein 
A2 (RPA2) were identified in the following studies which are 
summarized in Table 1.

Spruijit et al found that WDR76 preferentially binds 
to 5-hydroxymethylcytosine (5hmC) than to cytosine (C). 
Purified WDR76 was treated as a green fluorescent protein 
(GFP) fusion protein and was found to interact with OCR, 
HELLS, and gigaxonin (GAN) [31]. OCR, Spindlin-1, is a 
protein that can bind H3K4me3 [32]. Mouse protein hells is 
implicated in the regulation of DNA methylation [33]. Gallina 
et al demonstrated that WDR76, the closest orthologue of 
Cmr1 in higher eukaryotes, interacted with SGT1 homologues 
MIS12 kinetochore complex assembly cochaperone (SUGT1) 
and HELLS, two chromatin-related proteins [34]. Next, they 
utilized a GFP-WDR76-expressing plasmid and then found 
it localized to nuclear foci. Subsequently, the participation 
of WDR76 in specific endonucleases was also reported [35]. 
Structure-specific endonucleases play an essential role in the 
maintenance of genome stability, as they mediate several bio-
logical processes including DNA replication, DNA repair, and 
DNA recombination [36-38]. Saugar et al showed that endo-
nuclease Mus81-Mms/ essential meiotic structure-specific 
endonuclease 1 (Mus81-Mms/EME1) relocalized to subnu-
clear foci following DNA damage, together with other endo-
nucleases Rad1-Ras10 (XPF-ERCC1) and Slx1-Slx4 [35]. The 
recruitment was caused by Cmr1/WDR76, a protein involved 
in preserving genome stability; this process depended on the 
E2-ubiquitin-conjugating enzyme Rad6 and the E3-ubiquitin 
ligase Bre1 [39]. Another study showed that the level of 

TABLE 1. Key functions and interactions of the WDR76 protein

First author, 
year

Key function of 
WDR76 Interaction proteins References

Spruijit et al., 
2013
Bartke et al., 
2010
Dennis et al., 
2001

DNA methylation 
level regulation

OCR, HELLS, GAN [31, 32, 33]

Gallina et al., 
2015

chromatin binding SUGT1, HELLS [34]

Saugar et al., 
2017

genome stability 
maintenance

Mus81-Mms/EME1, 
XPF-ERCC1, Sl×1-Sl×4

[35]

Basenko 
et al., 2016
Gilmore 
et al., 2016

DNA damage 
recognition and 
repair

mutagen sensitive-30, 
PARP1, RPA1, RPA2, 
DDB1, XRCC5 and 
heterochromatin 
related proteins, such 
as CBX1, CBX3, and 
CBX5

[40, 41]

Huang et al., 
2020
Cho. Y-H 
et al., 2016
Feng et al., 
2011

RAS 
polyubiquitination 
regulation

HRAS [55,60,69]

mutagen sensitive-30 (MUS-30), a nuclear protein, increased 
following DNA damage [40]. Deletion of WDR76 rescued the 
DNA damage-hypersensitivity of Δmus-30 strains. In addi-
tion, the MUS-30-WDR76 interaction was shown to be func-
tionally important in DNA damage repair. 

Gilmore et al focused on the interaction network of WDR76 
and its recruitment to laser induced DNA damage [41]. The 
results showed that WDR76 was specifically associated 
with DNA damage response proteins, such as poly(ADP-ri-
bose) polymerase 1 (PARP1), poly(ADP-ribose) polymerase 
1 (RPA1), RPA2, DDB1, and poly(ADP-ribose) polymerase 1 
(XRCC5), as well as heterochromatin related proteins, such as 
chromobox 1 (CBX1), chromobox 3 (CBX3), and chromobox 
5 (CBX5). In addition, it was shown that WDR76 recruited 
immediately after laser induced DNA damage and in mark-
edly higher level than other heterochromatin related proteins, 
such as CBX1 and CBX5. Subsequently, the investigator of that 
study conducted a more systematic and in-depth study on the 
WDR interaction network. They expressed SNAP-tagged full 
length WDR76 (1-626) and two WDR76 deletion mutants 
in HEK293T cells including the C-terminal deletion of 
WDR76 (WDR76Δ) and the N-terminal deletion of WDR76 
(WDR76Δ’)[8]. Furtherinvestigation on tineractions revealed 
that full-length WDR76 interacted with the chaperonin-con-
taining protein 1 (TCP1) or TriC-TCP-1 Ring (CCT) complex, 
histones, the nicotinamide adenine dinucleotide-dependent 
deacetylase sirtuin 1 (SIRT1), GAN, DNA- dependent protein 
kinase-Ku (DNA-PK-Ku) and PARP1. However, WDR76Δ lost 
the ability to interact with the CCT complex, and WDR76Δ’ 
showed a significance decrease of WDR76 interaction with 
SIRT1, GAN, histones, protein kinase, DNA-activated, cata-
lytic subunit (PRKDC), XRCC5, XRCC6, and PARP1. These 
results indicated that WDR76 interacted with partners via dif-
ferent regions instead of the WDR domain only.

The currently available evidence underlines the challenges 
faced by researchers in studying the WDR76 protein due to 
its complex interactions covering a diverse series of biologi-
cal pathways. Proteins involved in the PPI map require further 
study to clarify the role of WDR76.

Functions of WDR76 in diseases

The CUL4-DDB1- regulator of cullins 1 (CUL4-DDB1-
ROC1) complex belongs to the family culling-containing 
ubiquitin E3 ligases [42]. Previous studies showed that the 
CUL4-DDB1-ROC1 complex participates in several biologi-
cal processes, including cell-cycle progression, replication and 
DNA damage response [43-45]. DCAF proteins are involved 
in substrate recognition and protein recruitment for ubiquiti-
nation, which confer specificity to cullin-4 RING ubiquitin 
ligase (CRL4) [46, 47]. Protein ubiquitination is an essential 
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modification process that exactly regulates a broad range of 
cellular and developmental processes [48-50]. A number of 
WDR domain-containing proteins function as DCAF pro-
teins to determine the specific substrates[51]; these proteins 
are obviously related to several human diseases [52-54]. In 
previous research, WDR76 was identified as a member of the 
DCAF subfamily involved in histone methylation; an increas-
ing number of studies on its unique role in different diseases 
have also been conducted.

Through proteomic analysis, Huang et al identified 
two potential WDR domain-containing proteins, namely 
 CUL4-associated factor 8 (DCAF8) and WDR76, as substrate 
receptors of CRL4 family E3 for ubiquitination [55]. Lymphoid-
specific helicase (LSH), a member of the SNF2 family chro-
matin remodeling ATPases, cooperates with histone and/
or DNA modifiers to suppress the expression of ferroptosis 
genes involved in the occurrence and development of many 
tumor diseases [56]. DCAF8 was further confirmed to incor-
porate into a functional CRL4DCAF8 E3 ligase complex to cata-
lyze LSH polyubiquitination. In contrast, WDR76 suppressed 
DCAF8-targeted LSH ubiquitination and proteasomal degra-
dation through competitive inhibition of holo-CUL4-DDB1-
DCAF8-LSH complex formation instead of direct interaction 
with E3 complex components. Molecular action of WDR76 
in suppressing LSH incorporation into a functional complex 
corresponded to the distinct ferroptosis in cancer cells. The 
opposing regulation of LSH stability by WDR76 and DCAF8 
decreased DNA oxidation and overproduction of reactive 
oxygen species (ROS), which was a crucial process in epigen-
etic regulation of ferroptosis. Transcriptomic profiling further 
revealed that the DCAF8/WDR76/LSH axis may be a critical 
epigenetic modulator of ferroptosis.

RAS proteins (H, K, and NRAS) are small guanosine 
triphosphatases (GTPases), which play essential roles in 
various pathophysiological regulatory, including cell pro-
liferation, transformation, and development [57]. The RAS 
mutations are common in many types of human cancers 
[58,59]. Overexpression of RAS protein can also affect the 
occurrence of cancer, including hepatocellular carcinomas 
(HCC) and is associated with poor prognosis in patients [60]. 
Stabilization of RAS proteins participates in the activation of 
downstream signaling pathways associated with tumorigen-
esis [61-64]. Jeong et al used purified glutathione-S-transfer-
ase (GST)-fused HRAS protein (GST-HRAS) to determined 
HRAS-binding partner proteins in tissues of HCC tumors 
expressing high level of RAS compared with normal liver tis-
sues [16]. They successfully identified WDR76, a CUL4-DDB1 
ubiquitin E3 ligase interacting protein, as a tumor suppressor 
candidate. In vivo and in vitro studies demonstrated that cyto-
plasmic WDR76 directly mediated RAS polyubiquitination 
degradation through binding to HRAS, resulting in inhibition 

of proliferation, transformation, and the invasive ability of liver 
cancer cells. Tissue section staining also showed markedly 
higher intensities of RAS staining in HCC tissues compared 
with normal tissue, and negative correlation with the staining 
intensities of WDR76 in tumor tissues. Targeting the increase 
of WD76 expression level in liver tissue may prevent further 
development of HCC.

Then another related study to explore the function of 
WDR76 regulating HRAS protein stability in high-fat diet 
(HFD)-induced obesity and hepatic steatosis [65]. The results 
showed that WDR76 mediated adipocyte differentiation 
of 3T3-L1 cells. In mice, overexpression and knockdown of 
WDR76 decreased and increased the level of HRAS protein, 
respectively. WDR76 mediated HRAS degradation via poly-
ubiquitination-dependent proteasomal degradation in 3T3-L1 
cells [66]. As hepatic steatosis is one of the factors that can 
progress to HCC; hence this study provided new insights into 
the potential targeted treatment of hepatic steatosis through 
regulation of WDR76 expression to prevent the transforma-
tion of liver cells into cancer cells.

CRC is a stem cell disease that occurs when the intestinal 
stem cells (ISCs) evade regulation and give rise to cancer stem 
cells (CSCs) [67, 68]. Wnt/β-catenin signaling pathway main-
tains the self-renewal of normal ISCs [69] and genetic alter-
ations in this signal pathway can result in CRC tumor progres-
sion [70]. Wnt/β-catenin signaling is regulated via the MAPK/
ERK and PI3K/AKT pathways, which are the major effector 
pathways downstream of RAS [71]. Adenomatous polyposis 
coli (APC) mutation is common in patients with CRC, with an 
approximately 90% occurrence rate. Through aberrant activa-
tion of the Wnt/β-catenin signaling pathway. K-RAS mutation 
with 40-50% occurrence rate in CRCs cannot result in CSC 
only by itself [72]. However, simultaneous occurrence of the 
two aforementioned mutations can lead to CSC activation, 
tumorigenesis, and metastasis [73]. WDR76 has been identi-
fied as an interactive partner of HRAS in HCC and destabi-
lizes all three major RAS isoforms [16]. Researchers hypothe-
sized that WDR76 destabilized RAS through Wnt/β-catenin 
signaling pathway and further acted as a tumor suppressor to 
inhibit CSC activation in CRC [17]. In mice model with loss 
of Wdr76, the protein levels of RAS were increased by acti-
vating the Wnt/β-catenin pathway, thereby inducing signifi-
cant crypt lengthening and hyper-proliferation. Apc mutation 
and Wdr76 knockout mice exhibited increases in both the 
number and the size of tumors in small intestine. Besides, the 
study demonstrated that WDR76 reduced RAS level through 
polyubiquitination-dependent proteasomal degradation with 
APC-mutant D-WT and D-MT cells, which are isogenic 
except for harboring wild-type and mutant K-RAS, respec-
tively. On the contrary, loss of WDR76 in CRC increased the 
level of RAS through the activation of the Wnt/β-catenin 
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signaling pathway. This result suggests that destabilization of 
RAS by WDR76 is a potential treatment method targeting 
CRC involving CSC activation.

Alzheimer’s disease (AD) is a common disorder, and its 
incidence increases significantly with age [74]. However, the 
currently available treatments are not effective. Raghavan NS 
with his colleagues used whole-exome sequencing in 20,197 
individuals from different centers to determine rare variants 
in AD [75]. A collapsing method was used to identify disease 
associated genes. WDR76 was screened out as the second top-
ranked gene and its variants were linked to AD. Nevertheless, 
the mechanism through which WDR76 functions in this set-
ting has not been elucidated. Further experiments are war-
ranted to address this problem.

CONCLUSION

Great progress has been achieved on research regarding the 
WDR domain-containing superfamily. An increasing number 
of members of this family are found to be involved in multiple 
biological processes of various diseases. WDR76 is considered 
a hub protein with a diverse array of more than 100 interac-
tions were found. The results of relevant studies have indicated 
that it is closely linked to a variety of diseases, including differ-
ent types of cancer. Based on the studies available, WDR76 is 
identified as a novel tumor suppressor and RAS activity can be 
controlled via regulating protein stability which further affect 
the tumorigenesis and metastasis in different cancer diseases. 
The process of RAS protein stability regulation is complex 
and involves multiple signaling pathways. Therefore, regula-
tion of RAS at the level of protein stability by WDR76, which 
mediating polyubiquitination-dependent degradation of RAS, 
may be a new therapeutic strategy. However, further research 
is warranted to elucidate the complex mechanisms through 
which WDR76 functions. This approach may clarify related 
pathophysiological processes, potentially leading to the dis-
covery of effective target treatments.

ACKNOWLEDGMENTS

This study was supported by Natural Science Foundation 
of Jiangsu Province for Youth (BK20180372), Jiangsu Provincial 
Medical Youth Talent (QNRC2016812), and Key Medical of 
Jiangsu Province (ZDXKB2016020).

REFERENCES

[1] Stirnimann CU, Petsalaki E, Russell RB, Muller CW. WD40 proteins 
propel cellular networks. Trends Biochem Sci. 2010;35(10):565-74.

[2] Juhasz T, Szeltner Z, Fulop V, Polgar L. Unclosed beta-propellers 
display stable structures: implications for substrate access to the 
active site of prolyl oligopeptidase. J Mol Biol. 2005;346(3):907-17.

[3] Schapira M, Tyers M, Torrent M, Arrowsmith CH. WD40 repeat 

domain proteins: a novel target class? Nat Rev Drug Discov. 
2017;16(11):773-86.

[4] Suganuma T, Pattenden SG, Workman JL. Diverse functions 
of WD40 repeat proteins in histone recognition. Genes Dev. 
2008;22(10):1265-8.

[5] Jain BP, Pandey S. WD40 Repeat Proteins: Signalling Scaffold with 
Diverse Functions. Protein J. 2018;37(5):391-406.

[6] Zhang C, Zhang F. The Multifunctions of WD40 Proteins in 
Genome Integrity and Cell Cycle Progression. J Genomics. 
2015;3:40-50.

[7] Zou XD, Hu XJ, Ma J, Li T, Ye ZQ, Wu YD. Genome-wide Analysis 
of WD40 Protein Family in Human. Sci Rep. 2016;6:39262.

[8] Dayebgadoh G, Sardiu ME, Florens L, Washburn MP. Biochemical 
Reduction of the Topology of the Diverse WDR76 Protein 
Interactome. J Proteome Res. 2019;18(9):3479-91.

[9] Gilmore JM, Sardiu ME, Venkatesh S, Stutzman B, Peak A, Seidel CW, 
et al. Characterization of a highly conserved histone related protein, 
Ydl156w, and its functional associations using quantitative proteomic 
analyses. Mol Cell Proteomics. 2012;11(4):M111 011544.

[10] Choi DH, Kwon SH, Kim JH, Bae SH. Saccharomyces cerevisiae 
Cmr1 protein preferentially binds to UV-damaged DNA in vitro. J 
Microbiol. 2012;50(1):112-8.

[11] Abu-Jamous B, Fa R, Roberts DJ, Nandi AK. Yeast gene CMR1/
YDL156W is consistently co-expressed with genes participating in 
DNA-metabolic processes in a variety of stringent clustering exper-
iments. J R Soc Interface. 2013;10(81):20120990.

[12] Jones JW, Singh P, Govind CK. Recruitment of Saccharomyces cer-
evisiae Cmr1/Ydl156w to Coding Regions Promotes Transcription 
Genome Wide. PLoS One. 2016;11(2):e0148897.

[13] Ji X, Dadon DB, Abraham BJ, Lee TI, Jaenisch R, Bradner JE, et al. 
Chromatin proteomic profiling reveals novel proteins associated 
with histone-marked genomic regions. Proc Natl Acad Sci U S A. 
2015;112(12):3841-6.

[14] Tate JG, Bamford S, Jubb HC, Sondka Z, Beare DM, Bindal N, et al. 
COSMIC: the Catalogue Of Somatic Mutations In Cancer. Nucleic 
Acids Res. 2019;47(D1):D941-D7.

[15] Uhlen M, Zhang C, Lee S, Sjostedt E, Fagerberg L, Bidkhori G, et al. 
A pathology atlas of the human cancer transcriptome. Science. 
2017;357(6352).

[16] Jeong WJ, Park JC, Kim WS, Ro EJ, Jeon SH, Lee SK, et al. WDR76 
is a RAS binding protein that functions as a tumor suppressor via 
RAS degradation. Nat Commun. 2019;10(1):295.

[17] Ro EJ, Cho YH, Jeong WJ, Park JC, Min DS, Choi KY. WDR76 
degrades RAS and suppresses cancer stem cell activation in col-
orectal cancer. Cell Commun Signal. 2019;17(1):88.

[18] Fülöp V BZ, Polgár L. Prolyl Oligopeptidase An Unusual b-Propel-
ler Domain Regulates Proteolysis. Cell. 1998;94(2):161-70.

[19] Sondek. J, Bohm. A, Lambright. DG, Hamm. HE, Sigler. PB. Crystal 
structure of a GA protein βγdimer at 2.1 Å resolution. Nature. 
1996;379(6563):369-74.

[20] Wall. MA, Coleman. DE, Lee. E, IAiguez-Lluhi. JA, Posner. BA, 
Gilman AG, et al. The structure of the G protein heterotrimer Gi 
alpha 1 beta 1 gamma 2. Cell. 1995;83:1047-58.

[21] Afanasieva E, Chaudhuri I, Martin J, Hertle E, Ursinus A, Alva V, 
et al. Structural diversity of oligomeric beta-propellers with differ-
ent numbers of identical blades. Elife. 2019;8.

[22] Li T, Chen X, Garbutt KC, Zhou P, Zheng N. Structure of DDB1 in 
complex with a paramyxovirus V protein: viral hijack of a propeller 
cluster in ubiquitin ligase. Cell. 2006;124(1):105-17.

[23] Migliori V, Muller J, Phalke S, Low D, Bezzi M, Mok WC, et al. 
Symmetric dimethylation of H3R2 is a newly identified histone 
mark that supports euchromatin maintenance. Nat Struct Mol Biol. 
2012;19(2):136-44.

[24] Wang Y, Hu XJ, Zou XD, Wu XH, Ye ZQ, Wu YD. WDSPdb: 
a database for WD40-repeat proteins. Nucleic Acids Res. 
2015;43(Database issue):D339-44.

[25] Ma J, An K, Zhou JB, Wu NS, Wang Y, Ye ZQ, et al. WDSPdb: 
an updated resource for WD40 proteins. Bioinformatics. 
2019;35(22):4824-6.

[26] Chen CK, Chan NL, Wang AH. The many blades of the 



Jie Yang, et al.: WDR76 with specific structure and interactions in diseases

Bosn J Basic Med Sci. 2021;21(5):528-534 533 www.bjbms.org

beta-propeller proteins: conserved but versatile. Trends Biochem 
Sci. 2011;36(10):553-61.

[27] Higa LA, Zhang H. Stealing the spotlight: CUL4-DDB1 ubiquitin 
ligase docks WD40-repeat proteins to destroy. Cell Div. 2007;2:5.

[28] Schwede T, Kopp J, Guex N, Peitsch MC. SWISS-MODEL: An 
automated protein homology-modeling server. Nucleic Acids Res. 
2003;31(13):3381-5.

[29] Mistry BV, Alanazi M, Fitwi H, Al-Harazi O, Rajab M, Altorbag A, 
et al. Expression profiling of WD40 family genes including DDB1- 
and CUL4- associated factor (DCAF) genes in mice and human 
suggests important regulatory roles in testicular development and 
spermatogenesis. BMC Genomics. 2020;21(1):602.

[30] Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S, Huerta-
Cepas J, et al. STRING v11: protein-protein association net-
works with increased coverage, supporting functional discov-
ery in genome-wide experimental datasets. Nucleic Acids Res. 
2019;47(D1):D607-D13.

[31] Spruijt CG, Gnerlich F, Smits AH, Pfaffeneder T, Jansen PW, 
Bauer C, et al. Dynamic readers for 5-(hydroxy)methylcytosine and 
its oxidized derivatives. Cell. 2013;152(5):1146-59.

[32] Bartke T, Vermeulen M, Xhemalce B, Robson SC, Mann M, 
Kouzarides T. Nucleosome-interacting proteins regulated by DNA 
and histone methylation. Cell. 2010;143(3):470-84.

[33] Dennis K, Fan T, Geiman T, Yan Q, Muegge K. Lsh, a member of the 
SNF2 family, is required for genome-wide methylation. Genes Dev. 
2001;15(22):2940-4.

[34] Gallina I, Colding C, Henriksen P, Beli P, Nakamura K, Offman J, 
et al. Cmr1/WDR76 defines a nuclear genotoxic stress body link-
ing genome integrity and protein quality control. Nat Commun. 
2015;6:6533.

[35] Saugar I, Jimenez-Martin A, Tercero JA. Subnuclear Relocalization 
of Structure-Specific Endonucleases in Response to DNA Damage. 
Cell Rep. 2017;20(7):1553-62.

[36] Dehe PM, Gaillard PHL. Control of structure-specific endo-
nucleases to maintain genome stability. Nat Rev Mol Cell Biol. 
2017;18(5):315-30.

[37] Rass U. Resolving branched DNA intermediates with structure-spe-
cific nucleases during replication in eukaryotes. Chromosoma. 
2013;122(6):499-515.

[38] Schwartz EK, Heyer WD. Processing of joint molecule interme-
diates by structure-selective endonucleases during homologous 
recombination in eukaryotes. Chromosoma. 2011;120(2):109-27.

[39] Game JC, Chernikova SB. The role of RAD6 in recombinational 
repair, checkpoints and meiosis via histone modification. DNA 
Repair (Amst). 2009;8(4):470-82.

[40] Basenko EY, Kamei M, Ji L, Schmitz RJ, Lewis ZA. The LSH/
DDM1 Homolog MUS-30 Is Required for Genome Stability, but 
Not for DNA Methylation in Neurospora crassa. PLoS Genet. 
2016;12(1):e1005790.

[41] Gilmore JM, Sardiu ME, Groppe BD, Thornton JL, Liu X, 
Dayebgadoh G, et al. WDR76 Co-Localizes with Heterochromatin 
Related Proteins and Rapidly Responds to DNA Damage. PLoS 
One. 2016;11(6):e0155492.

[42] Petroski MD, Deshaies RJ. Function and regulation of cullin-RING 
ubiquitin ligases. Nat Rev Mol Cell Biol. 2005;6(1):9-20.

[43] Zhong. W, Feng. H, Santiago. FE, Kipreos. ET. CUL-4 ubiquitin 
ligase maintains genome stability by restraining DNA-replication 
licensing. Nature. 2003;423(6942):885-9.

[44] Higa LA, Mihaylov IS, Banks DP, Zheng J, Zhang H. Radiation-
mediated proteolysis of CDT1 by CUL4-ROC1 and CSN complexes 
constitutes a new checkpoint. Nat Cell Biol. 2003;5(11):1008-15.

[45] Higa LA, Wu M, Ye T, Kobayashi R, Sun H, Zhang H. CUL4-DDB1 
ubiquitin ligase interacts with multiple WD40-repeat proteins and 
regulates histone methylation. Nat Cell Biol. 2006;8(11):1277-83.

[46] Lee J, Zhou P. DCAFs, the missing link of the CUL4-DDB1 ubiqui-
tin ligase. Mol Cell. 2007;26(6):775-80.

[47] He YJ, McCall CM, Hu J, Zeng Y, Xiong Y. DDB1 functions as a 
linker to recruit receptor WD40 proteins to CUL4-ROC1 ubiquitin 
ligases. Genes Dev. 2006;20(21):2949-54.

[48] de Bie P, Ciechanover A. Ubiquitination of E3 ligases: self-regulation 

of the ubiquitin system via proteolytic and non-proteolytic mecha-
nisms. Cell Death Differ. 2011;18(9):1393-402.

[49] Richburg JH, Myers JL, Bratton SB. The role of E3 ligases in the ubiq-
uitin-dependent regulation of spermatogenesis. Semin Cell Dev 
Biol. 2014;30:27-35.

[50] Zhou. X, Sun S-C. Targeting ubiquitin signaling for cancer immu-
notherapy. Signal Transduct Target Ther. 2021;6(1):16.

[51] Jackson S, Xiong Y. CRL4s: the CUL4-RING E3 ubiquitin ligases. 
Trends Biochem Sci. 2009;34(11):562-70.

[52] Song R, Wang ZD, Schapira M. Disease Association and 
Druggability of WD40 Repeat Proteins. J Proteome Res. 
2017;16(10):3766-73.

[53] Agopiantz M, Corbonnois P, Sorlin A, Bonnet C, Klein M, 
Hubert N, et al. Endocrine disorders in Woodhouse-Sakati syn-
drome: a systematic review of the literature. J Endocrinol Invest. 
2014;37(1):1-7.

[54] Yan H, Bi L, Wang Y, Zhang X, Hou Z, Wang Q, et al. Integrative 
analysis of multi-omics data reveals distinct impacts of DDB1-
CUL4 associated factors in human lung adenocarcinomas. Sci Rep. 
2017;7(1):333.

[55] Huang D, Li Q, Sun X, Sun X, Tang Y, Qu Y, et al. CRL4(DCAF8) 
dependent opposing stability control over the chromatin remodeler 
LSH orchestrates epigenetic dynamics in ferroptosis. Cell Death 
Differ. 2020.

[56] Myant K, Termanis A, Sundaram AY, Boe T, Li C, Merusi C, et al. 
LSH and G9a/GLP complex are required for developmentally pro-
grammed DNA methylation. Genome Res. 2011;21(1):83-94.

[57] Ahearn IM, Haigis K, Bar-Sagi D, Philips MR. Regulating the regula-
tor: post-translational modification of RAS. Nat Rev Mol Cell Biol. 
2011;13(1):39-51.

[58] Koschut D, Ray D, Li Z, Giarin E, Groet J, Alic I, et al. RAS-protein 
activation but not mutation status is an outcome predictor and uni-
fying therapeutic target for high-risk acute lymphoblastic leukemia. 
Oncogene. 2020.

[59] Pylayeva-Gupta Y, Grabocka E, Bar-Sagi D. RAS oncogenes: weav-
ing a tumorigenic web. Nat Rev Cancer. 2011;11(11):761-74.

[60] Calvisi DF, Ladu S, Gorden A, Farina M, Conner EA, Lee JS, et al. 
Ubiquitous activation of Ras and Jak/Stat pathways in human HCC. 
Gastroenterology. 2006;130(4):1117-28.

[61] Cho. Y-H, Cha. P-H, Kaduwal. S, Park. J-C, Lee. S-K, Yoon. J-S, et al. 
KY1022, a small molecule destabilizing Ras via targeting the Wnt 
β-catenin pathway, inhibits development of metastatic colorectal 
cancer. Oncotarget. 2016;7(49):81727-40.

[62] Jeon SH, Yoon JY, Park YN, Jeong WJ, Kim S, Jho EH, et al. Axin 
inhibits extracellular signal-regulated kinase pathway by Ras degra-
dation via beta-catenin. J Biol Chem. 2007;282(19):14482-92.

[63] Kim SE, Yoon JY, Jeong WJ, Jeon SH, Park Y, Yoon JB, et al. H-Ras 
is degraded by Wnt/beta-catenin signaling via beta-TrCP-mediated 
polyubiquitylation. J Cell Sci. 2009;122(Pt 6):842-8.

[64] Zeng T, Wang Q, Fu J, Lin Q, Bi J, Ding W, et al. Impeded Nedd4-1-
mediated Ras degradation underlies Ras-driven tumorigenesis. Cell 
Rep. 2014;7(3):871-82.

[65] Park JC, Jeong WJ, Seo SH, Choi KY. WDR76 mediates obesity and 
hepatic steatosis via HRas destabilization. Sci Rep. 2019;9(1):19676.

[66] Kim HJ, Cha JY, Seok JW, Choi Y, Yoon BK, Choi H, et al. Dexras1 
links glucocorticoids to insulin-like growth factor-1 signaling in adi-
pogenesis. Sci Rep. 2016;6:28648.

[67] Merlos-Suarez A, Barriga FM, Jung P, Iglesias M, Cespedes MV, 
Rossell D, et al. The intestinal stem cell signature identifies colorec-
tal cancer stem cells and predicts disease relapse. Cell Stem Cell. 
2011;8(5):511-24.

[68] Zeuner A, De Maria R. Not so lonely at the top for cancer stem cells. 
Cell Stem Cell. 2011;9(4):289-90.

[69] Fujii M, Shimokawa M, Date S, Takano A, Matano M, Nanki K, et al. 
A Colorectal Tumor Organoid Library Demonstrates Progressive 
Loss of Niche Factor Requirements during Tumorigenesis. Cell 
Stem Cell. 2016;18(6):827-38.

[70] Fevr T, Robine S, Louvard D, Huelsken J. Wnt/beta-catenin is essen-
tial for intestinal homeostasis and maintenance of intestinal stem 
cells. Mol Cell Biol. 2007;27(21):7551-9. 



Jie Yang, et al.: WDR76 with specific structure and interactions in diseases

Bosn J Basic Med Sci. 2021;21(5):528-534 534 www.bjbms.org

[71] Moon BS, Jeong WJ, Park J, Kim TI, Min do S, Choi KY. Role of 
oncogenic K-Ras in cancer stem cell activation by aberrant Wnt/
beta-catenin signaling. J Natl Cancer Inst. 2014;106(2):djt373.

[72] Feng Y, Bommer GT, Zhao J, Green M, Sands E, Zhai Y, et al. Mutant 
KRAS promotes hyperplasia and alters differentiation in the colon 
epithelium but does not expand the presumptive stem cell pool. 
Gastroenterology. 2011;141(3):1003-13 e1-10.

[73] Jeong. W-J, Yoon. J, Park. J-C, Lee. S-H, Lee. S-H, Kaduwal. S, et al. 

Ras stabilization through aberrant activation of Wnt beta-catenin 
signaling promotes intestinal tumorigenesis. Science Signaling. 
2012;5(219):ra30.

[74] Hodson R. Alzheimer’s Disease. Nature. 2018;559(7715):S1.
[75] Raghavan NS, Brickman AM, Andrews H, Manly JJ, Schupf N, 

Lantigua R, et al. Whole-exome sequencing in 20,197 persons 
for rare variants in Alzheimer’s disease. Ann Clin Transl Neurol. 
2018;5(7):832-42.

Related articles published in BJBMS
1. Small interfering RNA-mediated silencing of nicotinamide phosphoribosyltransferase (NAMPT) and lysosomal trafficking regu-

lator (LYST) induce growth inhibition and apoptosis in human multiple myeloma cells: A preliminary study
 Ivyna Pau Ni Bong et al., BJBMS, 2016
2. The role of glycogen synthase kinase 3 (GSK3) in cancer with emphasis on ovarian cancer development and progression: A 

comprehensive review
 Mislav Glibo et al., BJBMS, 2021

https://www.bjbms.org/ojs/index.php/bjbms/article/view/1568
https://www.bjbms.org/ojs/index.php/bjbms/article/view/1568
https://www.bjbms.org/ojs/index.php/bjbms/article/view/5036
https://www.bjbms.org/ojs/index.php/bjbms/article/view/5036

