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E3 ubiquitin ligase HECW?2: a promising target

for tumour therapy
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Abstract

roles

Ubiquitination is a prevalent post-translational modification that plays a crucial role in a wide range of
pathophysiological processes, including cell proliferation, apoptosis, autophagy, immune response, and DNA
damage repair. Among the enzymes involved in ubiquitination, E3 ubiquitin ligases are particularly significant,
serving as key regulators of numerous diseases, including tumours. This review focuses on HECW2 (HECT, C2, and
WW domain-containing E3 ubiquitin protein ligase 2, also known as NEDL2), providing a comprehensive overview
of its interactors and its pathological roles in tumorous cancer and other diseases. The insights gained from this
review may contribute to the development of novel treatment strategies for various diseases, particularly tumours.
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Introduction

Ubiquitination is the process by which ubiquitin is cova-
lently attached to substrate proteins, a reaction that
is synergistically catalysed by E1 ubiquitin-activating
enzymes, E2 ubiquitin-conjugating enzymes, and E3
ubiquitin ligases [1]. Among these enzymes, E3 ubiqui-
tin ligases are pivotal as they determine the specificity
and extent of ubiquitination of substrate proteins [2].
Although various types of E3 ubiquitin ligases exist, the
HECT- and RING-type E3 ubiquitin ligases have been
extensively studied [3]. As illustrated in Fig. 1, HECT-
type E3 ubiquitin ligases are classified into three groups:
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(1) the NEDD4 subfamily with WW domains, includ-
ing HECW1, HECW2, NEDD4-1, NEDD4-2, SMURF1,
SMURF2, WWP1, WWP2, and ITCH; (2) the HERC
subfamily with RLD-like domains, including HERCI,
HERC2, HERC3, HERC4, HERC5, and HERCS; (3) other
HECT-type E3 ubiquitin ligases lacking WW and RLD
domains, including E6-AP, EDD, HECTD2, HUWE]I,
HACE1, G2E3, and TRIP12, among others [4]. As a
member of the NEDD4 subfamily, HECW2 has been
implicated in numerous diseases including tumours and
nervous system disorders [5, 6]. This review provides a
comprehensive analysis of HECW2, addressing its sub-
cellular localization, structural characteristics, expression
patterns, prognostic significance, interacting proteins,
and its roles in tumours and nervous system disorders.

An overview of HECW2

The subcellular localization and protein structure of
HECW2

The foundation of function lies in structure, and in this
context, we firstly reviewed the localization and structure
of HECW2. The gene encoding HECW2 (Homo sapiens)
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Fig. 1 HECTtype E3 ligases. HECT type E3 ligases can be classified into three subfamilies: the NEDD4 subfamily with WW domains, the HERC subfamily
with RLD-like domains and other HECT-type E3 ubiquitin ligases lacking WW and RLD domains
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Fig. 2 lllustration of the subcellular localization and protein structure of HECW?2. (A) The genomic position of the HECW?2 gene on the chromosome from
the GeneCards database. (B) The subcellular localization of the HECW?2 protein from the GeneCards database. (C) The primary structure of HECW2 from
the PhosphoSitePlus® database. (D) The advanced structure of HECW?2 from GeneCards database, the PDB ID for HECW2 is 2LFE

was located on chromosome 2q32.3 (Fig. 2A), encom-
passing a total of 33 exons. The subcellular localization
of the HECW?2 protein obtained from the GeneCards
database is shown in Fig. 2B. The primary and advanced
structures of HECW2 are shown in Fig. 2C-D. HECW2
mainly consists of several distinctive protein domains: an
N-terminal C2 domain (positioned at amino acids 192—
281) and two WW domains (positioned at amino acids
809-838 and 987-1016) as well as a C-terminal HECT
catalytic domain homologous to the E6AP carboxyl-ter-
minus (positioned at amino acids 1268—1571(Fig. 2C) [4].
Each domain has a unique function. The C2 domain has
Ca?*/phospholipid-binding capabilities, thereby regulat-
ing the subcellular localization of substrate proteins [7].

The WW domain facilitates protein-protein interactions
by recognizing the PY motifs present in substrate pro-
teins [8]. The HECT domain mediates ubiquitin transfer
to substrate proteins, primarily through thioester bond
formation with ubiquitin [3, 9].

The expression levels of HECW?2 in pan-cancer and their
relationship with pan-cancer prognosis

HECW?2 is widely expressed in various normal tissues
and exhibits high relative mRNA expression levels in
the lungs, spleen, testis, heart, and brain. Conversely,
lower relative mRNA expression levels of HECW?2 were
observed in kidney, muscle, ovary, and colon tissues
(Fig. 3A-C). Consistent with these findings, northern
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Fig. 3 The expression levels of HECW2 mRNA and protein. (A-C) The mRNA relative expression levels of HECW2 in normal tissues from UCSC Xena, RNA-
Seq Atlas and NCBI databases, respectively. (D-F) The relative mRNA expression levels of HECW2 in tumour tissues from UALCAN, GEPIA, and Sangerbox
databases, respectively. (G) The protein expression levels of HECW2 in KIRC, COAD, and LUAD from HPA database. (H) The protein expression levels of

HECW2 in KIRC, COAD, and STAD cell lines evaluated by western blotting
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blot analysis has revealed robust HECW2 expression
in the adult brain, lungs, and heart [10]. In tumour tis-
sues, HECW2 expression was higher in kidney renal
clear cell carcinoma (KIRC) tissues, whereas its expres-
sion was lower in lung adenocarcinoma (LUAD) and lung
squamous cell carcinoma (LUSC) tissues (Fig. 3D-F).
Furthermore, the Human Protein Atlas (HPA) database
demonstrated elevated HECW?2 protein levels in KIRC
and colon adenocarcinoma (COAD) tissues but demon-
strated reduced levels in LUAD tissues (Fig. 3G). At the
same time, western blotting analysis results showed that
HECW?2 is highly expressed in KIRC and COAD cells,
while lowly expressed in gastric adenocarcinoma (STAD)
(Fig. 3H), which was in line with the results reported by
LU [11].

Next, we assessed the association between HECW?2
expression and tumour prognosis. As shown in Fig. 4A-
D, patients with renal papillary cell carcinoma (KIRP)
in the high-expression group exhibited significantly
shorter overall survival (OS), disease-specific survival
(DSS), progression-free interval (PFI), and disease-free
interval (DFI) than those in the low-expression group,
and patients with uveal melanoma (UVM) in the high-
expression group exhibited remarkably shorter OS, DSS,
and PFL In contrast, the higher the expression level of
HECW?2, the longer OS, DSS, and PFI in patients with
glioma (GBMLGG) and KIRC (Fig. 4A-D). These find-
ings suggest a negative correlation between HECW?2
expression levels and prognosis in KIRP and UVM, and
a positive correlation between GBMLGG and KIRC.
Therefore, HECW2 may be an adverse prognostic factor
for KIRP and UVM, but a favourable prognostic factor
for GBMLGG and KIRC.

The relationship between the expression levels of HECW2
and immune infiltration in pan-cancer

The tumour microenvironment (TME) comprises cellu-
lar compontents (such as tumour, immune, and stromal
cells) and noncellular components (such as the extracel-
lular matrix, growth factors, and chemokines) [12]. This
intricate TME plays a key role in determining the sur-
vival time of patients with tumours and their sensitivity
to immunotherapy [13, 14]. Using the TISIDB database,
we initially examined the association between HECW2
expression and the infiltration abundance of immune
cells across various tumour types. In rectal adenocarci-
noma (READ), a strong positive correlation was observed
between HECW2 expression and effector memory
CD4'T cells (Tem CD4) (r=0.6, P<2.2e-16). Conversely,
in brain low grade gliomas (LGG), there was a nega-
tive correlation between HECW?2 expression and CD56
bright natural killer cells (CD56 bright NK) (r=-0.54,
P<2.2e-16) (Fig. 5A). Furthermore, in colorectal can-
cer (CRC), STAD, and LIHC, HECW?2 expression levels
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were positively correlated with Stromal, Immune and
ESTIMATE scores; however, an inverse relationship was
observed for GBM(Supplemental Fig. S1).

Chemokines and chemokine receptors play crucial
roles in various processes involved in tumour progression
such as cell proliferation, migration, invasion, and angio-
genesis [15, 16]. Consequently, they have a profound
impact on the prognosis and response to immunother-
apy in patients [17-20]. There was a positive correlation
between HECW?2 expression and the chemokines CCL2
and CCL7 in patients with COAD (Fig. 5B). This suggests
that HECW?2 regulates COAD development by interact-
ing with CCL2 and CCL7. Similarly, previous studies
have demonstrated that downregulation of the E3 ubiqui-
tin ligase Fbxw7 could reduce the production of the mac-
rophage-derived chemokines CCL2 and CCL7 in colon
tissue, thereby alleviating colon inflammation [21]. Con-
versely, HECW2 expression levels were negatively related
to CXCL17 in thyroid carcinoma (THCA) (r=-0.532,
P<2.2e-16) (Fig. 5B). As depict in Fig. 5C, a notable posi-
tive correlation is observed between the expression levels
of HECW?2 and CCR4 (a receptor of chemokine CCL22)
in head and neck squamous cell carcinoma (HNSC)
(r=0.564, P<2.2e-16). In the READ, the expression levels
of HECW?2 exhibited significant positive correlations not
only with the chemokine CXCL12 (r=0.575, P<2.2e-16),
but also with the CXCL12 receptor CXCR4 (r=0.428,
P=1.16e-08) (Fig. 5B-C). These findings suggest that
HECW?2 serves as an immunoregulatory factor in various

malignancies.
Immunomodulators can be categorised into three
groups:  immunosuppressants, immunostimulators,

and MHC molecules [22]. As shown in Fig. 6A, there
was a positive correlation between the expression lev-
els of HECW2 and the immunosuppressant KDR in
many tumours, including cholangiocarcinoma (CHOL)
(r=0.83, P=9.48e-08), READ (r=0.785, P<2.2e-16), and
KIRC (r=0.815, P<2.2e-16). Conversely, there was a
negative correlation between HECW?2 expression levels
and PVRL2 in TGCT (r=-0.581, P<2.2e-16) (Fig. 6A).
As shown in Fig. 6B, HECW2 expression was most posi-
tively correlated with the immunostimulator TMEM173
in LIHC (r=0.629, P<2.2e-16), whereas the strongest
negative correlation with C10orf54 was found in meso-
thelioma (MESO) (r=-0.652, P<2.2e-16). Additionally,
there was a negative correlation between HECW?2 and
TNERSF14 expression in COAD (r=-0.292, P=2.13e-
10), READ (r=-0.466, P=3.4e-10), and KIRC (r=-0.282,
P=4.11e-11) (Fig. 6B).

We then assessed the correlation between the expres-
sion levels of HECW2 and MHC molecules in the
pan-cancer stage because MHC molecules play a piv-
otal role in tissue rejection, antigen presentation, and
immune responses [23]. The expression levels of HECW?2
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Fig. 4 The correlation between HECW2 expression levels and OS(A), DSS (B), PFI(C) and DFI(D) in pan-cancer

exhibited the strongest positive correlation with TAP1  positive association between HECW?2 expression and
(r=0.488, P=5.8¢-06) in UVM, and exhibited the stron- HLA-DOA in COAD (r=0.343, P=5.36e-14), READ
gest negative correlation with TAPBP (r=-0.548, P<2.2e- (r=0.388, P=2.78e-07), LUSC (r=0.336, P=1.58e-14),
16) in LGG(Fig. 6C). Furthermore, there was a significant and STAD (r=0.163, P=0.000899), but a significant
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negative correlation in THCA (r=-0.282, P=1.07e-10)
(Fig. 6C).

The interactors of HECW2 protein

Interacting proteins of HECW2

Using the STRING database, we identified several pro-
teins that interact with HECW?2, including AMOTLI,
ARRDCI1, and UBE2L3 (Fig. 7A and Supplemental Table
S1). With the help of the IntAct database, we identified
additional proteins that interact with HECW2, such as
ENTREP1, FBXL15, and HNRNPD (Fig. 7B and Sup-
plemental Table S2). Moreover, FAM189A2, ARRDCS3,
FAM189B, and LDLRAD4 were capable of interacting
with HECW?2, based on the BioGrid and BioPlex data-
bases (Supplemental Table S3). Further experimental
validation is required to determine whether these interac-
tions are direct or indirect under certain circumstances.

The candidate substrates and E3 ubiquitin ligases of
HECW2

As an E3 ubiquitin ligase, HECW2 affects the stabil-
ity and activity of its substrate proteins via ubiquitina-
tion. Some potential substrates of HECW?2 are shown
in Fig. 7C, with the top five being IGFIR, NEDD4-1,

INSR, TGFBR2, and SCNN1A. On the other hand, TP73,
PCNA, Lamin Bl (LMNBI1), AMOTL1, HP1a/HP1p,
KPNA1, and MORC4 were identified as substrates of
HECW?2 by experiment (Supplemental Table S4) [10,
24-28]. Additionally, several E3 ubiquitin ligases were
predicted able to ubiquitinate HECW2, such as HECW1,
HECW?2, and NEDDA4L, among others. (Fig. 7D).

The pathological roles of HECW2 in tumours and
nervous system diseases

The role of HECW2 in tumours

(1) Colorectal cancer

Accumulating evidence suggests that HECW2 plays a
vital role in CRC tumourigenesis and progression. For
instance, KPNA1 and MORC4 can facilitate CRC pro-
gression, considering that they can be degraded by
HECW?2 through ubiquination modification, indicating
that HECW?2 may be involved in the regulation of CRC
development [27, 28]. Previous studies have reported that
HECW?2 could mediate the ubiquitin-proteasome deg-
radation of PCNA and LMNB1 in HEK293T cells [24].
Considering the significance of PCNA and LMNBI1 in
CRC development, HECW?2 regulates CRC progression
by mediating the ubiquitin-proteasome degradation of
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database. (C-D) The candidate substrates and E3 ligases of HECW2 from Ubibrowser database

PCNA or LMNBI1 [29-31]. In addition to this evidence,
our previous study demonstrated that HECW?2 is highly
expressed in both CRC tissues and cell lines [5]. HECW2
knockdown inhibits the proliferation, migration, inva-
sion, and chemoresistance of CRC cells, whereas
HECW?2 overexpression yields contrasting results [5].
Moreover, we found that HECW2 might contribute to

the progression and chemoresistance of CRC via activat-
ing AKT/mTOR signalling by mediating ubiquitin-prote-
asome degradation of LMNBI [5] (Fig. 8).

(2) Cervical cancer
Besides CRC, HECW2 may also play a major role in the
development of cervical cancer. Feng et al. found that
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the gene integration hotspot HECW2 may be a poten-
tial carcinogenic target of HPV, which is a classical fac-
tor promoting cervical cancer progression [32]. The DNA
repair capacity of cervical cancer cells expressing lamin
A mutants was impaired by the depletion of ATR kinase,
and HECW?2 facilitated the proteasomal degradation of
ATR kinase [33]. Additionally, miR-944 promotes the
proliferation, migration, and invasion of cervical cancer
cells by targeting HECW?2 [34] (Fig. 8).

(3) Other tumours

It has been reported that patients with hamatologic
malignancies in the HECW?2 high expression group sur-
vived longer than those in the HECW2 low expression
group [35]. HECW?2 has been proposed as an indepen-
dent prognostic factor and novel biomarker for prostate
cancer and neuroblastoma [36]. Similarly, HECW2 is
regarded as a promising candidate hub gene for targeted
therapy in congenital giant melanocytic nevus [37]. In
our previous study, we showed that HECW2 was highly
expressed in KIRC and that knockdown of HECW2 could
inhibit the proliferation and migration of KIRC cells [38].

We also showed that the higher the expression levels of
HECW?2, the shorter the overall survival time of STAD
patients [39]. In summary, HECW2 may play different
regulatory roles in different tumours, and the specific
molecular mechanisms involved require further study

(Fig. 8).

Nervous system diseases

Initial research on HECW?2 focused on its involvement
in nervous system disorders. Case reports and literature
reviews have provided evidence linking HECW2 muta-
tions to epilepsy, intellectual disabilities, hypotonia,
speech disorders, and episodic ataxia [6, 40—43]. Specifi-
cally, seizures and cortical visual disturbances have been
observed exclusively within the HECT domain variants
of HECW?2 [40, 44]. Functionally, HECW?2 plays a crucial
role in stabilizing P73-a key mediator of neural devel-
opment and neurogenesis [41, 45]. HECW?2 positively
regulates the proliferation of enteric neural precursors
through the GDNF/AKkt signalling pathway; HECW2 defi-
cient mice exhibited progressive bowel motility defects
attributed to intestinal aganglionosis [46]. Furthermore,
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HECW?2 may serve as a new candidate gene for multiple
malformations (a group of genetic disorders character-
ised by neurodevelopmental abnormalities and congeni-
tal malformations) [47] (Fig. 8).

Conclusions and perspective

In this study, we conducted a comprehensive review
of the current knowledge on the E3 ubiquitin ligase
HECW?2, by studying various databases, literature, and
our previous results. Overall, we found that HECW?2 is
expressed at high levels in COAD and KIRC, whereas it
is expressed at low levels in LUAD. The expression lev-
els of HECW?2 are positively correlated with the prog-
nosis of KIRC and GBMLGG, but negatively correlated
with the prognosis of KIRP and UVM. Furthermore, in
most tumours, the higher the HECW2 expression level,
the higher was infiltration abundance of stromal and
immune cells. The expression levels of HECW2 were
closely related to the abundance of immune cells, che-
mokines, and chemokine receptors in many tumours,
including COAD, STAD, and LGG. In addition, numer-
ous interacting proteins and candidate substrates of
HECW?2 have been identified. HECW2 may play a crucial
role in the progression of CRC, KIRC, and cervical can-
cer through its ubiquitination activity, and thereby holds
potential as a prognostic biomarker and therapeutic tar-
get for these tumours. Inhibition of HECW2 may be a
promising antitumour strategy. Notably, researchers suc-
cessfully identified NSC 288,387 as a target inhibitor of
WWP2 [48]. Full-length Smurf2, NEDD4-1, and WWP2
were all inhibited by heclin, a small-molecule inhibitor
[49]. But so far, there are no reports about spectific small
molecule inhibitors targeting HECW2. Our research
group will further study the molecular mechanism by
which HECW?2 regulates CRC and KIRC progression and
strive to screen for targeted inhibitors of HECW2.

Databases

(1) GeneCards: Genecards is a comprehensive database
of searchable genes where we can access information
on almost all known human genes (https://www.gene
cards.org).

(2) UCSC Xena: UCSC Xena is a cancer genomics data
analysis platform that supports the visualization
and analysis of a wide range of genomics data from
cancer samples (https://xena.ucsc.edu).

(3)RNA-Seq Atlas: RNA-Seq Atlas is a web-based
library of RNA-Seq gene expression profiling and
query tools (http://medicalgenomics.org/rna_seq_atl
as).

(4)NCBI: NCBI is the world’s largest genetic database.
It contains the nucleotide sequences of more than
70,000 organisms, and each record is annotated with
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coding region (CDS) features and includes amino
acid translations (https://www.ncbi.nlm.nih.gov/).

(5)UALCAN: UALCAN is an effective website for
online analysis and mining of cancer data, primarily
based on relevant cancer data from the TCGA
database (http://ualcan.path.uab.edu/index.html).

(6) Gene Expression Profiling Interactive Analysis:
The GEPIA database includes RNA sequencing data
from 9736 tumor tissues and 8587 normal tissues
from the TCGA and GTEx databases, and the main
functions provided are: gene expression analysis,
gene correlation analysis, survival analysis, similar
gene prediction, and downscaling analysis (http://gep
ia.cancer-pku.cn/).

(7) Sangerbox: Sangerbox is a web-based tool platform
that allows users to perform different analyses in one
friendly and interactive page (http://vip.sangerbox.co
m).

(8) Human Protein Altas: The Human Protein Atlas
is a program with the aim to map all the human
proteins in cells, tissues, and organs using an
integration of various omics technologies, including
antibody-based imaging, mass spectrometry-based
proteomics, transcriptomics, and systems biology
(www.proteinatlas.org).

(9) TISIDB: A database on tumor-immunity
interactions built by integrating research articles and
multiple types of high-throughput data. Users can
easily find immune relationships between specific
genes and the tumorigenic environment by searching
the various data resources stored in TISIDB (http://ci
s.hku.hk/TISIDB/).

(10) STRING: The STRING database is a protein
interaction network database based on public
databases and literature information. It collects
several public databases, including UniProt, KEGG,
NCBI and Gene Ontology, integrates these data
and generates a comprehensive protein interaction
network database (https://cn.string-db.org db.org).

(11) IntAct: IntAct is an open source, open data
database of molecular interactions consisting of data
selected from the literature or directly from the data
warehouse (http://www.ebi.ac.uk/intact/).

(12) Biogrid: The Biological General Repository for
Interaction Datasets (BioGrid) is an open access
database that houses genetic and protein interactions
curated from the primary biomedical literature for all
major model organism species and humans (https://t
hebiogrid.org/).

(13) Ubibrowser: Ubibrowser is a Web-based
bioinformatics database for managing and querying
a wide range of bioinformatics data such as genomes,
transcriptomes, proteomes and more (http://ubibro
wser.ncpsb.org/).


https://www.genecards.org
https://www.genecards.org
https://xena.ucsc.edu
http://medicalgenomics.org/rna_seq_atlas
http://medicalgenomics.org/rna_seq_atlas
https://www.ncbi.nlm.nih.gov/
http://ualcan.path.uab.edu/index.html
http://gepia.cancer-pku.cn/
http://gepia.cancer-pku.cn/
http://vip.sangerbox.com
http://vip.sangerbox.com
http://www.proteinatlas.org
http://cis.hku.hk/TISIDB/
http://cis.hku.hk/TISIDB/
https://cn.string-db.org
http://www.ebi.ac.uk/intact/
https://thebiogrid.org/
https://thebiogrid.org/
http://ubibrowser.ncpsb.org/
http://ubibrowser.ncpsb.org/

Shen et al. Cancer Cell International (2024) 24:374

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512935-024-03563-3.

[ Supplementary Material 1 ]

Acknowledgements

All authors are grateful to Yan'an University Center Laboratory for providing
cancer cells. And we would like to thank Editage (www.editage.cn) for English
language polishing.

Author contributions

S.H.and L.F. wrote the main manuscript text, and LF. and Z.J. supervised the
main manuscript text and K.Q. and S.L. prepared Figs. 1,2, 3,4, 5,6 and 7. All
authors reviewed the manuscript.

Funding

This research was funded by the programs from the National Natural Science
Founda-tion of China(82260530 and 82060521), Natural Science Foundation
of Shaanxi Province (2022JQ-907), Shaanxi University Science and Technology
Association Youth Lifting Project (20210309), Key Science and Technology
Innovation Team of Shaanxi Province (2020TD-039), The Start-up Project of
Doctoral Research in Yan ‘an University (YDBK2020-04), and Yan'an University
Graduate Education Innovation Plan Project(YCX2023113).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Conflict of interest
The authors declare no competing interests.

Received: 8 January 2024 / Accepted: 6 November 2024
Published online: 11 November 2024

References

1. Swatek KN, Komander D. Ubiquitin modifications[J]. Cell Res.
2016,26(4):399-422.

2. Zheng N, Shabek N. Ubiquitin ligases: structure, function, and Regulation[J].
Annu Rev Biochem. 2017;86:129-57.

3. Metzger MB, Hristova VA, Weissman AM. HECT and RING finger families of E3
ubiquitin ligases at a glance[J]. J Cell Sci. 2012;125(Pt 3):531-7.

4. Bernassola F, Chillemi G, Melino G. HECT-Type E3 Ubiquitin Ligases in Cancer.
Trends Biochem Sci. 2019;44(12):1057-75.

5. LiFWangL,Wang, et al. HECW2 promotes the progression and che-
moresistance of colorectal cancer via AKT/mTOR signaling activation by
mediating the ubiquitin-proteasome degradation of lamin B1{J]. J Cancer.
2023;14(15):2820-32.

6. Ullman NL, Smith-Hicks CL, Desai S, et al. De Novo HECW2 Mutation Associ-
ated with Epilepsy, Developmental decline, and intellectual disability: case
report and review of Literature[J]. Pediatr Neurol. 2018;85:76-8.

7. Nalefski EA, Falke JJ. The C2 domain calcium-binding motif: structural and
functional diversity[J]. Protein Sci. 1996;5(12):2375-90.

8. Salah Z Alian A, Ageilan RIl. WW domain-containing proteins: retrospectives
and the future[J]. Front Biosci (Landmark Ed). 2012;17(1):331-48.

9. Wang M, Cheng D, Peng J, et al. Molecular determinants of polyubiquitin
linkage selection by a HECT ubiquitin ligase[J]. EMBO J. 2014;25(8):1710-9.

10.  Miyazaki K, Ozaki T, Kato C, et al. A novel HECT-type E3 ubiquitin ligase,

NEDL2, stabilizes p73 and enhances its transcriptional activity[J]. Volume 308.

Biochemical & Biophysical Research Communications; 2003. pp. 106-13. 1.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

Page 10 of 11

Lu L, Hu 'S, WeiR, et al. The HECT type ubiquitin ligase NEDL2 is degraded

by anaphase-promoting complex/cyclosome (APC/C)-Cdh1, and its tight
regulation maintains the metaphase to anaphase transitionJ]. J Biol Chem.
2013,288(50):35637-50.

Zhou P, Shaffer DR, Alvarez Arias DA, et al. In vivo discovery of immunother-
apy targets in the tumour microenvironment. Nature. 2014,506(7486):52-7.
Zhang ZZ.The history and advances in cancer immunotherapy: understand-
ing the characteristics of tumor-infiltrating immune cells and their therapeu-
tic implications[J]. Chin J Cell Mol Immunol. 2020,017(008):807-21.

Lei X, Lei Y, Li JK, et al. Immune cells within the tumor microenvironment:
Biological functions and roles in cancer immunotherapy[J]. Cancer Lett.
2020;470:126-33.

Braoudaki M, Ahmad MS, Mustafov D, et al. Chemokines and chemokine
receptors in colorectal cancer; multifarious roles and clinical impact. Semin
Cancer Biol. 2022;86(Pt 2):436-49.

Salazar N, Castellan M, Shirodkar SS, et al. Chemokines and chemokine
receptors as promoters of prostate cancer growth and progression. Crit Rev
Eukaryot Gene Expr. 2013;23(1):77-91.

Mollica PV, Massara M, Capucetti A, et al. Chemokines and chemokine recep-
tors: new targets for Cancer Immunotherapy[J]. Front Immunol. 2019;10:379.
0Ozga AJ, Chow MT, Luster AD. Chemokines and the immune response to
cancer[J]. Immunity. 2021;54(5):859-74.

Bule P, Aguiar SI, Aires-Da-Silva F, et al. Chemokine-Directed Tumor
Microenvironment Modulation in Cancer Immunotherapy([J]. Int J Mol Sci.
2021;22(18):9804.

Mukaida N, Sasaki S, Baba T. Chemokines in cancer development and pro-
gression and their potential as targeting molecules for cancer treatment[J].
Mediators Inflamm. 2014;2014:170381.

He J, Song Y, Li G, et al. Foxw?7 increases CCL2/7 in CX3CR1hi macrophages to
promote intestinal inflammation(J]. J Clin Invest. 2019;129(9):3877-93.
Wang Y, Zhang Y, Wang F, et al. Bioinformatics analysis of prognostic value
and immunological role of MeCP2 in pan-cancer. Sci Rep. 2022;12(1):18518.
Cornel AM, Mimpen IL, Nierkens SMHC, Class. | downregulation in Cancer:
underlying mechanisms and potential targets for Cancer Immunotherapy[J].
Cancers. 2020;12(7):1760.

Krishnamoorthy V, Khanna R, Parnaik VK. E3 ubiquitin ligase HECW2

targets PCNA and lamin B1[J]. Biochim Biophys Acta Mol Cell Res.
2018;1865(8):1088-104.

Choi KS, Choi HJ, Lee JK, et al. The endothelial E3 ligase HECW2 promotes
endothelial cell junctions by increasing AMOTL1 protein stability via K63-
linked ubiquitination[J]. Cell Signal. 2016;28(11):1642-51.

Krishnamoorthy V, Khanna R, Parnaik VK. E3 ubiquitin ligase HECW2 mediates
the proteasomal degradation of HP1 isoforms[J]. Biochem Biophys Res Com-
mun. 2018;503(4):2478-84.

Zhao L, Wu D, Qu Q, et al. Karyopherin Subunit Alpha 1 enhances the malig-
nant behaviors of Colon cancer cells via promoting Nuclear Factor-kB p65
Nuclear Translocation[J]. Dig Dis Sci. 2023;68(7):3018-31.

Liang Y, Wu D, Qu Q, et al. MORC4 plays a tumor-promoting role in colorectal
cancer via regulating PCGF1/CDKN1A axis in vitro and in vivo[J]. Cancer Gene
Ther. 2023;30(7):985-96.

Peng K, Kou L, Yu L, et al. Histone demethylase JMJD2D interacts with
(3-Catenin to induce transcription and activate Colorectal Cancer Cell Prolif-
eration and Tumor Growth in Mice[J]. Gastroenterology. 2019;156(4):1112-26.
Izdebska M, Gagat M, Grzanka A. Overexpression of lamin B1 induces mitotic
catastrophe in colon cancer LoVo cells and is associated with worse clinical
outcomes[J]. Int J Oncol. 2018;52(1):89-102.

Liu L, Wang J, Shi L, et al. B-Asarone induces senescence in colorectal cancer
cells by inducing lamin B1 expression[J]. Phytomedicine. 2013;20(6):512-20.
Yang CF, Sen YW, Yuan Z, et al. Genome-wide profiling of human papillo-
mavirus DNA integration into Human Genome and its influence on PD-L1
expression in Chinese Uygur Cervical Cancer Women[J]. J Immunol Res.
2020;2020:6284960.

Muralikrishna B, Chaturvedi P, Sinha K, et al. Lamin misexpression upregu-
lates three distinct ubiquitin ligase systems that degrade ATR kinase in Hela
cells[J]. Mol Cell Biochem. 2012;365(1-2):323-32.

Xie H, Lee L, Scicluna P, et al. Novel functions and targets of miR-944 in
human cervical cancer cells[J]. Int J Cancer. 2015;136(5):230-41.

Salifu SP, Doughan A. New clues to prognostic biomarkers of four hemato-
logical Malignancies[J]. J Cancer. 2022;13(8):2490-503.

Su 'S, Kong W, Zhang J, et al. Integrated analysis of DNA methylation and
gene expression profiles identified STO0A9 as a potential biomarker in ulcer-
ative colitis[J]. Biosci Rep. 2020;40(12):BSR20202384.


https://doi.org/10.1186/s12935-024-03563-3
https://doi.org/10.1186/s12935-024-03563-3
http://www.editage.cn

Shen et al. Cancer Cell International

37.

38.

39.

40.

42.

43.

(2024) 24:374

Wei B, Gu J, Duan R, et al. Transcriptome analysis of large to giant congenital
Melanocytic Nevus reveals cell cycle arrest and Immune Evasion: identifying
potential targets for Treatment[J]. J Immunol Res. 2021;2021:8512200.

Shen H, Kou QR, Wang L, et al. HECW2 enhances viability, invasion and
migration of KIRC cells under transcriptional activation by CREB1 [J]. Chin J
Pathophysiology. 2023;39(07):1163-73.

Li F, Shen H, Wang XF, et al. Expression and clinical significance of E3 ubiquitin
ligase HECW?2 in gastric adenocarcinoma tissues[J]. Chin J Cancer Biother.
2022,29(09):813-21.

Acharya A, Kavus H, Dunn P, et al. Delineating the genotypic and phenotypic
spectrum of HECW2-related neurodevelopmental disorders. J Med Genet.
2022,59(7):669-77.

Krami AM, Bouzidi A, Charif M, et al. A homozygous nonsense HECW?2 variant
is associated with neurodevelopmental delay and intellectual disability. Eur J
Med Genet. 2022;65(6):104515.

Tedesco Silva LM, Sharma S, Schrauwen |, et al. A De Novo HECW?2 variant

in a patient with Acetazolamide-Responsive Episodic Ataxia. Cerebellum.
2023,22(5):1029-33.

Rodriguez-Garcia ME, Cotrina-Vinagre FJ, Bellusci M, et al. First splicing variant
in HECW2 with an autosomal recessive pattern of inheritance and associated
with NDHSAL. Hum Mutat. 2022;43(10):1361-7.

44,

45.

46.

47.

48.

49.

Page 11 of 11

Yanagishita T, Hirade T, Shimojima Yamamoto K, et al. HECW2-related disorder
in four Japanese patients. Am J Med Genet A. 2021;185(10):2895-902.

Berko ER, Cho MT, Eng C, et al. De novo missense variants in HECW2 are
associated with neurodevelopmental delay and hypotonia. J Med Genet.
2017;54(2):84-6.

Wei R, Qiu X, Wang S, et al. NEDL2 is an essential regulator of enteric neural
development and GDNF/Ret signaling[J]. Cell Signal. 2015;27(3):578-86.
Kritioti E, Theodosiou A, Parpaite T, et al. Unravelling the genetic causes of
multiple malformation syndromes: a whole exome sequencing study of the
Cypriot population. PLoS ONE. 2021;16(7):0253562.

Watt JE, Hughes GR, Walpole S, et al. Discovery of small molecule WWP2
ubiquitin ligase inhibitors [J]. Chemistry. 2018;24(67):17677-80.

Mund T, Lewis MJ, Maslen S, Pelham HR, Proc Natl Acad Sci U S A. Pep-

tide and small molecule inhibitors of HECT-type ubiquitin ligases[J].
2014,111(47):16736-41. 7.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿E3 ubiquitin ligase HECW2: a promising target for tumour therapy
	﻿Abstract
	﻿Introduction
	﻿An overview of HECW2
	﻿The subcellular localization and protein structure of HECW2
	﻿The expression levels of HECW2 in pan-cancer and their relationship with pan-cancer prognosis
	﻿The relationship between the expression levels of HECW2 and immune infiltration in pan-cancer

	﻿The interactors of HECW2 protein
	﻿Interacting proteins of HECW2
	﻿The candidate substrates and E3 ubiquitin ligases of HECW2

	﻿The pathological roles of HECW2 in tumours and nervous system diseases
	﻿The role of HECW2 in tumours
	﻿(1) Colorectal cancer
	﻿(2) Cervical cancer
	﻿(3) Other tumours


	﻿Nervous system diseases
	﻿Conclusions and perspective
	﻿Databases
	﻿References


