[Frontiers in Bioscience, Landmark, 24, 935-946, March 1, 2019]
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1. ABSTRACT

The ubiquitously expressed
multifunctional protein, CUEDC2 (CUE domain-
containing 2), is involved in many physiological
and pathological processes, including the cell
cycle regulation and inflammation. Although
it is known that CUEDC2 is expressed
disparately in breast cancer, ovarian carcinoma,
hepatocellular carcinoma, cholangiocarcinoma,
glioma, lung adenocarcinoma, colon cancers,
and is involved in the Warburg’s effect, its role
in oncogenesis remains to be further explored.
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In this review, we examine the expression
of CUEDC2 in various tumors, and discuss
several fundamental signaling pathways that
are impacted by CUEDC2.

2. INTRODUCTION

CUEDC2, a novel CUE domain-
containing protein, has been reported to contain
a small and somewhat conserved ubiquitin-
binding motif comprised of approximately
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40 amino acids (1). The CUE domain has
been observed in multiple eukaryotic proteins
and is involved in the recognition of mono-
ubiquitin and poly-ubiquitin as well promoting
intramolecular mono-ubiquitination. CUEDC2
was originally implicated in the regulation of
progesterone receptor (PR) degradation in
breast cancer via the ubiquitin-proteasome
pathway (2). The current evidence suggests
that CUEDC2 plays a pivotal role in many
cellular events (as shown in Figure 1), such as
regulation of the cell cycle, inflammation, and
carcinogenesis. Man et al. have reported that
CUEDC?2 is widely expressed in tissues and
organs, including the brain, heart and testis (3).
Intriguingly, in contrast to the high levels of
expression of CUEDC2 in different cancer
cells, such as ovarian serous carcinoma (1)
and cholangiocarcinoma cells (4), which
are similar to those of H19, one of the first
reported long non-coding RNAs (5) (6),
glioma (7), lung adenocarcinoma (8) and
infiltrating macrophages in colon cancer (9)
have noticeably decreased levels expression,
suggesting that it plays a significant role in
tumorigenesis.

Furthermore, despite our
understanding of the role of CUEDC2 still being
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considered to be a ‘work in progress’, there
have been several varying reports concerning
CUEDC2-associated tumorigenesis pathways,
including the NF-kB pathway (10), the Janus
kinase (JAK)/signal transducer and activator of
transcription(STAT) pathway (11) and the miR-
324-5p axis (9). Last, but not least, some other
novel functions of CUEDC2 are also described
in this article. In the following sections, we
would like to describe the expression pattern
of CUEDC2 in different cancers, the role of
CUEDC2, the regulation of CUEDC2, the
molecular mechanisms of CUEDC2 and recent
advances in CUEDC2.

3. EXPRESSION PATTERN OF CUEDC2 IN
CANCER

The expression of CUEDC2 in
tumorigenesis has been well studied. An
increasing number of studeies have suggested
that CUEDC2 exerts a crucial role in different
cancer types with distinct expression patterns.
A summary of these studies is provided below.

3.1. Tumor expressing high level of
CUEDC2
3.1.1. Breast cancer

Pan et al. and Zeng et al. have shown
that CUEDC2 expression levels are higher in
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breast cancer tissues than in normal breast
tissues (12) (13). In addition, Zhang et al.
discovered that CUEDC2 binds to PR in breast
cancer, subsequently inhibiting its transcription
and blocking progesterone signaling. This
binding also showed correlation with cell
proliferation and breast cancer progression.
Zhang et al. also showed that the CUE domain
of CUEDC2 (180-226 aa) may be important
for the efficient repression of PR transcriptional
activity, whereas the 133-180 aa region may
be sufficient for association with PR. It has
also been found that CUEDC2 blocks PR
transactivation and prevents progesterone-
induced cell proliferation by decreasing MAPK
activity and, consequently impeding the effect of
progesterone on breast cancer cell growth (2).

An important finding is that endocrine
resistance (ER) critically interferes with the
success of hormonal therapy for breast
carcinoma (14). Pan et al. have shown that
CUEDC2 decreases the stability of the ER-a
(estrogen receptor-a) protein via the ubiquitin-
proteasome pathway (12) (15), which strongly
suggest that CUEDC2 plays a crucial role in
the resistance of breast cancer to endocrine
therapies. In addition, it has been reported
that the overexpression of CUEDC2 in breast
tumors may result in a poor response to
tamoxifen treatment and may be responsible
for the relatively high rate of relapse (12).

3.1.2. Ovarian carcinoma

Ovarian carcinoma has long been
recognized as the most fatal gynecological
malignancy, causing approximately 140,000
deaths annually worldwide (16) (17). The
factors in the early stages of ovarian serous
carcinoma that contribute to this high mortality
rate are not fully understood, and there is
a lack of dependable biomarkers to assess
its prognosis. Wang et al. preformed an
immunohistochemical study on 101 cases of
ovarian serous carcinoma tissues and found
that CUEDC2 overexpression was observed
in 60 cases (about 59.4%). Furthermore, the
upregulation of CUEDC2 in ovarian serous
carcinoma tissue samples is significantly
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associated with histopathological grade, patient
age at diagnosis, FIGO stage, and recurrence.
A survival follow-up study from the same
research group evaluating its clinical relevance
showed that the upregulated CUEDC2
expression levels are associated with shorter
disease-free survival; the median disease-free
survival time of CUEDC2-positive patients was
36.0 months compared with 53.9 months for
CUEDC2-negative patients (1). Taken together,
this study concluded that CUEDC2 may be a
novel biomarker that can be used to evaluate
the progression of serous ovarian carcinoma
and to predict potential relapse.

3.1.3. Hepatocellular carcinoma
Hepatocellular carcinoma (HCC) is one
of the most common cancers of the digestive
system, ranking fifth among malignant tumors
and third in cancer-related deaths worldwide (18).
Factors impacting the high mortality rate of HCC
are that there is an incomplete understanding
of the molecular biology of the disease and
the issue of early diagnosis. Zhong et al. found
that there are upregulated aerobic glycolysis in
HCC cancer cells, which may be assciated with
tumor cells progression. And this upregulation
results from activating two glycolytic proteins
glucose transporter 3(GLUT3) and lactate
dehydrogenase A(LDHA), which might be
mediated by glucocorticoid receptor(GR) or
14-3-3C respectively. In 14 pairs of HCC and
adjacent normal tissues, CUEDC?2, together
with the GR/GLUT3, and 14-3-3¢/LDHA, which
are all critical for CUEDC2-regulated tumor
progression, were more highly expressed in HCC
tissues than in normal tissues. Moreover,through
a statistical analysis of 213 HCC samples, this
reaseach group discovered that CUEDC2
expression is positively associated with that of
GLUT3 (64%) and LDHA (68%). These data
suggest the likelihood that CUEDC2 expression
might be highly correlated with the expression of
GR/GLUT3 and 14-3-3¢/LDHA in HCC cells (19).
However, the exact role of CUEDC2 in HCC
formation and progression requires further study.

Wang et al. discovered that HCC
tumors are detected greater than 80%
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CUEDC2-positive. In addition, CUEDC2
expression is related to serum alpha-fetoprotein
(AFP) levels, tumor size, tumor number, tumor
differentiation, and TNM stage. HCC patients
with high levels of CUEDC2 expression have
a shorter overall survival and recurrence-
free survival than those with low CUEDC2
expression levels. Collectively, these data
suggest that CUEDC2 could be a new valuable
molecular marker for predicting prognosis in
HCC patients (20).

3.1.4. Cholangiocarcinoma

Zhou showed that CUEDC?2 is also
highly expressed in cholangiocarcinoma. Its
expression appears to be associated with
tumor differentiation, invasion, and TNM stage.
It was also shown that in different stages
during the progression of cholangiocarcinoma,
the expression levels of CUEDC2 increase,
paralleling the elevation in the levels of
inflammatory factors tumor necrosis factor
(TNF)-a and STAT/NF-kB. More interestingly,
it has been shown that CUEDC2 inhibits the
conversion of inflammatory hyperplasia to
atypical hyperplasia in cholangiocarcinoma (4).

3.2. Tumors expressing low level of
CUEDC2
3.2.1. Glioma

Tumorsinthe central nervous systemare
considered to be some of the most complicated
and high-risk malignancies. Recently, Li et al.
found that CUEDC2 is expressed at relatively
lower levels in the glioma tissue and cell lines
than in normal tissue and astrocyte cells. This
decrease in CUEDC2 levels in glioma cell
lines has been shown to promote tumor cell
migration, invasion, and proliferation. Further
study by this research group has revealed that
the decreased levels of CUEDC2 expression in
glioma results in the activation of the STAT3 and
NF-kB signaling pathways, which may be related
to gliomagenesis and tumorigenic behavior (7).

3.2.2. Lung adenocarcinoma

Evidence provided by Sun et al. has
shown that CUEDC2 expression is reduced
at the mRNA and protein levels in both lung

adenocarcinoma cell lines and tissues, and this
reduction is associated with tumor T classification
and tumor size. Intriguingly, Sun et al., using
multivariate analysis, reported that the median
survival time of lung adenocarcinoma patients
with lower levels of CUEDC2 expression
was 31 months compared with 61 months for
patients with the same cancer, but with higher
levels of CUEDC2 expression; this implies that
CUEDC2 expression could be an independent
indicator of the prognosis of patients with
lung adenocarcinoma. CUEDC2 knockdown
experiments using an short hairpin RNA (shRNA)
revealed that it is involved in facilitating tumor
growth and is associated with inactivation of the
PI3K/Akt pathway, the induction of p21, and the
reduction in cyclin D1 expression levels. Taken
together, the decreased expression of CUEDC2
results in lung adenocarcinoma growth,
contributing to poorer overall clinical survival (8).

3.2.3. infiltrating macrophages in colon
cancer

Macrophages, which are differentiated
from monocytes, play an indispensable role in
host defense and inflammation (21). CUEDC2
is upregulated during the course of monocyte
to macrophage differentiation (9). To explore
whether CUEDC2 is associated with colon
carcinogenesis, Chen et al. performed an
immunohistochemistry analysis with 36 paired
colon cancer samples. To their surprise, there
turned out to be no difference in expression
between colon cancer cells and adjacent nomal
epithelial cells. However, the expression level
of CUEDC2 in the macrophage infiltrating
the tumors were notably lower than in normal
adjacent tissues. Hence,these data suggest
the innovative idea that the downregulation of
CUEDC2 expression in macrophages might play
animportant role in the formation of colon cancer.
However, this requires further investigation (9).

4. THE ROLE OF CUEDC2

As the distinct expression patterns
of CUEDC2 in cancer have recently been
extensively explored, a vital role for CUEDC2
in the cell cycle and inflammation has emerged
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suggesting the CUEDC2 might be involved in
tumorigenesis.

4.1. Cell cycle

CUEDC2 has been identified as a
novel cell cycle regulator, the deregulation of
which could lead to various disorders, including
tumor development. The anaphase-promoting
complex or cyclosome (APC/C), a multisubunit
E3 ubiquitin ligase, is considered to be a vital
regulator of protein degradation in the cell cycle
and is activated via binding to Cdc20 (a cell
division cycle protein) or a Cdc20 homolog
1 (Cdh1). The spindle assembly checkpoint
(SAC), which is activated by improperly
attached kinetochores, plays a supervisory role
to ensure accurate chromosome segregation
and inhibit the activation of APC/C®". It has
been reported that excessive exposure to UV
light, which disrupts genomic integrity, increases
the probability of skin cancer progression (22).
Specifically, when cells are overexposed
to UV light, CUEDC2 undergoes ERK1/2-
mediated phosphorylation and degradation.
As a consequence, the decrease in CUEDC2
levels facilitates the activation of APC/CC,
which is essential for the DNA damage
response (23, 24) and stimulates APC/cCdn.
induced cyclin A ubiquitination, subsequently
leading to CDK2 inactivation and a block at
G1. These data suggest that the degradation of
CUEDC?2 triggered by UV light exposure might
contribute to genomic instability in the cell
cycle, which is considered to be responsible for
tumor initiation and promotion (22).

It is well known that
activation of the JAK1-STAT3 signaling
pathway is important in tumourigenisis,
incuding for cell cycle progression, apoptosis,
and tumor cell invasion. Li et al. have reported
that in the development of gliomas CUEDC2
downregulation facilitates the G1-S and S-G2
phase transitions in the cell cycle partially via
JAK1-STAT3 signaling pathway (7).

persistent

4.2. Inflammation
IBDs (inflammatory bowel diseases),
including ulcerative colitis and Crohn’s disease,

are chronic inflammatory gastrointestinal
disorders. Although the etiology of IBDs
remains unknown, studies have shown that
they might be associated with infections,
immune disorders, and so on. The continuous
relapse of IBDs could directly increase the
possibility of developing colorectal cancer.
CUEDC?2 is known to modulate inflammation,
which supports the hypothesis that CUEDC2
might regulate inflammatory diseases such
as colitis. Wang et al. have found that the
degree of colonic inflammation is more severe
in CUEDC2 knockout (KO) mice than in wild
type colitis mouse models with respect to body
weight loss, increase in bowel movements, and
bloody stools, which suggests CUEDC2 could
alleviate colonic inflammation. The level of
pro-inflammatory cytokines,such as interleukin
(IL)-6 and TNF-a, continue to rise in the colon
tissues of CUEDC2 KO mice at different stages
of colonic inflammation, leading to more severe
inflammation and, potentially acting via the
NF-kB and STAT3 signaling pathways (25).
Together, these data indicate that CUEDC2
potentially plays a role in protecting the colon
from excessive inflammation, and could be a
useful clinical marker for colitis,or even colitis-
associated cancer.

5. REGULATION OF CUEDC2

A number of studies have further
explored the mechanisms regulated by
CUEDC2 with respect to its physiological
and pathological functions. CUEDC2 has
been suggested to have an important role
in tumorigenesis by modulating several
processes, such as mitosis, G1 arrest and the
Warburg effect,

5.1. Mitosis

A dysregulation of mitosis may lead
to apoptosis or rampant cell proliferation,
eventually initiating cancer. It has been
suggested that CUEDC2 may modulate the
progression through mitosis. Gao et al. have
demonstrated that during mitosis, CUEDC?2 is
phosphorylated by Cdk1,which is essential for
the metaphase-anaphase transition,and then
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interacts with Cdc20 to stimulate the release
of Mad2 from APC/C-Cdc20, subsequently
leading to APC/C activation. Conversely,an
earlier activation of APC/C has been
attributed to the overexpression of CUEDC2,
leading to chromosome missegregation
and aneuploidy (26). As mentioned earlier,
CUEDC2 is relatively highly expressed in many
somatic tumors. Hence, we assume that the
incorrect mitotic modulation of CUEDC2 might
cause tumor progression through an induction
of chromosomal instability.

5.2. G1 arrest

To maintain genomic stability, cell
cycle arrest, especially G1 arrest, is initiated
in response to DNA damage and, provides
adequate time for DNA repair and inhibition
of the anomalous replication of damaged
DNA. If the cell fails to induce cell cycle
arrest, genomic instability and carcinogenesis
can result. In the normal cell cycle, CUEDC2
promotes G1-S transition, for which CDK2 is
a pivotal kinase. In addition, CUEDC2 may
contribute to augmented CDK2 activity. During
the G1-S transition, several factors have
been shown to be of great significance in the
activation of CDK2, such as cyclin A and Skp2,
the expression levels of which increase in
response to CUEDC2 overexpression. These
data indicate that CUEDC2 could modulate
CDK2 activity by regulating cyclin A and Skp2
levels during G1-S transition. Conversely,
when cells are exposed to UV light, there is an
impressive reduction in the cyclin A and Skp2
protein levels and a noticeable G1-S block, for
which CUEDC2 downregulation is potentially
required. This indicates that CUEDC2 regulates
UV-induced G1 arrest by decreasing cyclin A
levels and inactivating CDK2 (21) (22).

5.3. Warburg’s effect

The Warburg effect,or aerobic
glycolysis,has been shown to be enhanced
in a variety of cancer cells,which results in
alterations in metabolism, and is considered to
be an emerging hallmark of oncogenic lesions.
An analysis performed by Zhong et al. has
shown that CUEDC?2 is involved in the switch

from glucose metabolism to glytic metabolism.
The Warburg effectis upregulated in cancer cells
through the activation of two glycolytic proteins
GLUT3 and LDHA. The elevated Warburg
effect in turn facilitates cancer progression.
And CUEDC?2 could regulate aerobic glycolysis
in cancer cell survival and proliferation(19).
Apart from that,regarding the upward-trend
researches of metabolism,CUEDC2 might
interact with phosphoprotein phosphatase
1-interacting proteins to act as an potential
therapeutic target in prostate cancer. In
addition, as the androgen receptor (AR) plays
an important role in the hormonal progression
of prostate cancer, CUEDC2 may promote AR
degradation by regulating its transcriptional
activity (27). Collectively, these data suggest it
is likely that CUEDC2 act as a bridge between
cellular metabolism and tumorigenesis.

6. THE MOLECULAR MECHANISMS OF
CUEDC2

Although a full understanding of its
molecular mechanism remains incomplete,
evidence to date suggests that CUEDC2
contributes to a range of signaling pathways,
such as the NF-kB pathway, the JAK/STAT
pathway, the miR-324-5p axis, as well as
others.

6.1. NF-xB

The NF-kB transcription factor is a vital
regulator of various cytokine-mediated cellular
responses, such as cell proliferation and
inflammation (28). In most cases, the NF-kB
protein remains inactive via binding to the
inhibitory IkB protein. Different stimuli, including
TNF-a and IL-1, contribute to the activation of
IKK by the IkB kinase (IKK) complex, which
consists of IKKa, IKKB, and IKKy (also called
NEMO), resulting in IkB phosphorylation and
its proteosomal degradation. Following this,
NF-kB translocates to the nucleus and activates
the expression of NF-kB-regulated genes, such
as the proinflammatory cytokine IL-6. However,
CUEDC2, together with GADD34, a regulatory
subunit of protein phosphatase (PP)-1, was
found to constitutively interact with IKKa and
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IKKB and inhibit NF-kB activation by decreasing
IKK phosphorylation and activation (10). In
addition, NF-kB can be activated through IKK-
independent pathways, such as ultraviolet
irradiation treatment, however, surprisingly,
CUEDC?2 expression does not inhibit the IkBa
degradation in Hela cells induced by ultraviolet
irradiation, suggesting that CUEDC2 does
not prevent NF-kB activation upon exposure
to ultraviolet irradiation (10) (21). Thus,
CUEDC2 might block only IKK-dependent
NF-kB activation. Zhang et al. have also
reported that CUEDC2 could sensitize CML
(chronic myeloid leukemia) cells to imatinib
therapy in part through the NF-kB signaling
pathway (29). We hypothesize that CUEDC2
might affect inflammatory diseases and be a
potential therapeutic target for such disorders
or inflammation-associated tumors.

6.2. JAK/STAT

The JAK/STAT pathway, which is
one of the most well recognized oncogenic
signaling pathways, was initially regarded to
be activated by IFNs (interferons), capable
of impacting the formation of blood, cell
proliferation, differentiation, and the immune
response (30) (31). When any dysregulation
in JAK/STAT activation occurs, a variety of
diseases, including tumor development, could
be initiated. The STAT protein family consists
of six members, namely, STAT1-6. STAT3 is
considered to be a DNA binding protein that
is activated in response to several cytokines
and growth factors, such as IFN and leptin.
In normal cells, STAT3 activation is transient,
which is similar to that of the other STAT family
members, whereas the persistent activation of
STAT3 might promote cellular transformation,
tumor angiogenesis and block antitumor
immune responses, further facilitating tumor
development. Zhang et al. have suggested
that CUEDC2 impedes IFN-induced STAT3
transcription activity in a dose-dependent
manner, whereas CUEDC2 has no such effect
on STAT1-mediated transcription, showing
that CUEDC2 specifically inhibits STAT3 at
the transcriptional level. In addition, CUEDC2
attenuates JAK1 and STAT3 phosphorylation

by binding to suppressor of cytokine signaling-3
(SOCS-3), thereby preventing SOCS-3
proteosomal degradation and leading to the
suppression of JAK1/STAT3 signaling (11).

Apart from this, the activation of STAT
proteins, especially STAT5 and STAT3, is
critical in the pathogenesis of lymphoid and
myeloid malignancies (32-35). Recently, Wu
et al. have reported that in acute myeloid
leukemia (AML), downregulation of suppressor
of cytokine signaling-1 (SOCS-1) counteracts
the JAK1-STAT3 pathway activation. Through
a mass spectrometry (MS) analysis of SOCS1,
overexpressed CUEDC2 was identified to
be a SOCS-1 interacting partner that might
regulate the ubiquitin-mediated degradation
of SOCS1 through its SH2 domain, thus
inhibiting the JAK1-STAT3 signaling pathway
and leukemogenesis in AML. However, further
studies revealed that low CUEDC2 expression
levels in AML results in SOCS1 degradation, an
increase in JAK1-STAT3 pathway activation,
and AML progression, hence accounting for
lower overall survival and event-free survival
rates (36).

6.3. MiR-324-5p-CUEDC2 axis

Studies have suggested that
microRNAs, which control cancer initiation,
progression and biological processes, regulate
gene expression during monocyte-macrophage
differentiation (37). CUEDC2 was found to be
upregulated during the differentiation from
monocytes to macrophages. To determine
whether the expression of CUEDC2 in these two
types of cells is modulated by microRNAs, Chen
et al. evaluated three microRNAs, termed miR-
324-5p, miR-326, and miR-330-5p, with target
sequences in the 3' UTR of CUEDC2 mRNA.
Although the three selected microRNAs showed
relatively higher expression levels in monocytes
than in macrophages, only miR-324-5p
had a distinct inhibitory effect on CUEDC2
expression. MiR-324-5p is likely to regulate
CUEDC2 expression at the translational level,
and CUEDC?2 deficient mouse models are more
prone to colitis-associated cancer. Importantly,
a further analysis of infiltrating macrophages
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in colon cancer tissue indicated that IL-4
upregulates miR-324-5p and downregulates
CUEDC2 expression, suggesting that IL-4 in
colon cancer cannot be ruled out as a contributor
to the decreased CUEDC2 expression in
macrophages via its ability to induce the miR-
324-5p mimic (9). Ashish et al. reported their
novel finding that miR-324-5p expression is
down-regulated after cells are infected with the
RNA virus H5N1. And miR-324-5p could inhibit
H5N1 replication by specifically targeting a viral
gene (PB1) and a host gene (CUEDC2) in the
process of host defense(38).

Additionally, Song et al. have shown
that sinomenine could decrease the levels of
IL-4 and miR-324-5p (also called the IL-4/miR-
324-5p/CUEDC2 axis) to elevate CUEDC2
expression, which prevents breast cancer cell
invasion and migration by inhibiting NF-«kB
activation (39).

7. CUEDC2 AND ITS RECENT ADVANCES

CUEDC2 is a versatile protein that
can significantly regulate multiple precesses.
However, recent advances have identified a
role in modulating the activity of cardiomyocytes
that have provided a more comprehensive
understanding of the function of CUEDC2.

Jian et al. identified a potential role for
CUEDC?2 in the modulation of cardiomyocyte
death. When ischemia occurs, CUEDC2 levels
decrease in the heart. Knockout of CUEDC2
reduces reactive oxygen species (ROS) levels
and upregulates glutathione peroxidase 1
(GPX1) protein levels, thereby enhancing
the antioxidant capacity of cardiomyocytes.
CUEDC2 knockdown not only decreases
the generation of ischemia/reperfusion (I/R)-
induced ROS to promote cardiomyocyte
survival, but also enhances GPX1 protein levels
through a ubiquitin-proteasome-dependent
pathway to enhance the antioxidant ability of
cardiomyocytes. In addition, high ROS levels can
accelerate cardiomyocyte death and thus serve
a central role in myocardial remodeling, heart
failure, and aging-induced cardiomyopathy.

Therefore, this provids an impetus to create a
therapeutic method for reducing that decreases
CUEDC2 levels in myocardial injury and aging-
associated diseases (40).

Doxorubicin (DOX), originally used to
treat solid tumors and some types of leukemia, is
a broad-spectrum anthracycline antibiotic that can
impede DNA replication (41) (42). However, there
are many side effects of DOX, including vomiting,
hair loss and heart injury, as well as others, that
place restrictions on its clinical use (43). Among
these side effects, cardiomyopathy, resulting from
increased ROS generation, is the worst (44).
As noted previously, CUEDC2 is extensively
expressed in the heart. Zhang et al. have shown
that the decreased expression of CUEDC2
prevents DOX-induced cardiotoxicity in H9c2
cells (myocardial phenotype). Thus, CUEDC2
may be a potential target for the prevention of
DOX-induced cardiotoxicity (45).

8. CONCLUSION AND PERSPECTIVES

In summary, the multifunctional protein
CUEDC2 plays critical roles not only in the
modulation of cell cycle and inflammation, but
most interestingly, in the processes of tumor
promotion. Similar to the function of Apollon (46)
and elF4E (eukaryotic translation initiation factor
4E) (47), CUEDC2 expression has different
effects in a wide range of cancers. Specifically,
CUEDC?2 is overexpressed in HCC, ovarian
serous carcinoma and cholangiocarcinoma but
shows decreased expression in glioma, lung
adenocarcinoma and macrophages infiltrated in
colon cancer. The question remains as to what
role CUEDC2 will play in other malignancies or
systems, as a diagnostic agent or a therapeutic
tool? Hence, we have provided a review of the
reported research on CUEDC2 and a summary
of the signaling mechanism for CUEDC2 in
tumor progression, which will highlight it as a
great potential target for cancer therapy.

9. ACKNOWLEDGEMENTS

This work was supported by Xiangya
Hospital of Central South University. Jun-bo
Xiao wrote the article; Guan-nan Ye, Yan-qiu

© 1996-2019



Multifunctional roles of CUEDC2 in tumorigeneses

Zhang, Zhen Wen, and Jian He helped with
the preparation of the manuscript, firgures
and references and the critical revision of the
literature, respectively.

10. REFERENCES

1. AC Wang, C Guo, YF Sun, LJ Lu, Y
Wang, Q Wang, Yan Zhang, H Zhang, L
Wang, YQ Gu, AJ Liu: Overexpression
of CUEDC2 predicts poor prognosis in
ovarian serous carcinomas. J Cancer
6(6),542—-7 (2015).

DOI: 10.7150/jca.11420

2. PJ Zhang, J Zhao, HY Li, JH Man, K
He, T Zhou, X Pan, AL Li, WL Gong, BF
Jin, Q Xia, M Yu, BF Shen, XM Zhang:
CUE domain containing 2 regulates
degradation of progesterone receptor
by ubiquitin—proteasome. EMBO J 26
(7),1831-42 (2007).
DOI: 10.1038/sj.emboj.7601602

3. JH Man, XM Zhang: CUEDC2: An
emerging key player in inflammation and
tumorigenesis. Protein Cell 2 (9),699 -703
(2011).

DOI: 10.1007/s13238-011-1089-z

4. W Zhou: The Expression of CUEDC2/p-
IKKB/NF-kB Duringthe Study onthe Clinical
Characteristics of cholangiocarcinoma.
Shanxi Medical University (2015).

[doi not found]

5. H Yoshimura, Y Matsuda, M Yamamoto,
S Kamiya, T Ishiwata: Expression and
role of long non-coding RNA H19 in
carcinogenesis. Front Biosci (landmark
Ed) 23, 614-25 (2018).

DOI: 10.2741/4608

6. CAchour, F Aguilo: Long non-coding RNA
and Polycomb: an intricate partnership in
cancer biology. Front Biosci (landmark
Ed) 23,2106-32 (2018).

DOI: 10.2741/4693

7. F Li, CX Tang, D Jin, L Guan, Y Wu, XF

Liu, XX Wu, QY Wu, DS Gao: CUEDC2

suppresses glioma tumorigenicity by
inhibiting the activation of STAT3 and

943

10.

1.

12.

NF-kB signaling pathway. Int J Oncol 51
(1),115-27 (2017).
DOI: 10.3892/ij0.2017.4009

LH Sun, LH Bai, GP Lin, R Wang, YL
Liu, JH Cai, YB Guo, ZW Zhu, CM Xie:
CUEDC2 down-regulation is associated
with tumor growth and poor prognosis
in lung adenocarcinoma. Oncotarget 6
(24),20685-96 (2015).

DOI: 10.18632/oncotarget.3930

Y Chen, SX Wang, R Mu, X Luo, ZS Liu,
B Liang, HL Zhuo,XP Hao,Q Wang,DF
Fang,ZF Bai, QY Wang,HM Wang,BF
Jin,WL Gong, T Zhou,XM Zhang, Q Xia,
T Li: Dysregulation of the miR-324-5p-
CUEDC2 axis leads to macrophage
dysfunction and is associated with colon
cancer. Cell Rep 7 (6),1982-93 (2014).
DOI: 10.1016/j.celrep.2014.05.007

HY Li, H Liu, CH Wang, JY Zhang,
JH Man, YF Gao1, PJ Zhang,WH Li,
J Zhao, X Pan, T Zhou, WL Gong, AL
Li,XM Zhang: Deactivation of the kinase
IKK by CUEDC2 through recruitment of
the phosphatase PP1. Nat Immunol 9
(5),533-41 (2008).

DOI: 10.1038/ni.1600

WN Zhang, L Wang, Q Wang, X Luo,DF
Fang, Y Chen, X Pan, JH Man,Q Xia, BF
Jin, WH Li, T Li, B Liang, L Chen, WL
Gong, M Yu, AL Li,T Zhou, HY Li: CUEDC2
(CUE domain-containing 2) and SOCS3
(suppressors of cytokine signaling 3)
cooperate to negatively regulate Janus
kinase 1/signal transducers and activators
of transcription 3 signaling. J Biol Chem
287 (1),382-92 (2012).

DOI: 10.1074/jbc.M111.276832

X Pan, T Zhou, YH Tai, CG Wang, J Zhao,
Y Cao, Y Chen, PJ Zhang, M Yu, C Zhen,
R Mu, ZF Bai, HY Li, AL Li, B Liang, Z Jian,
WN Zhang, JH Man, YF Gao, WL Gong,
LX Wei,XM Zhang: Elevated expression
of CUEDC2 protein confers endocrine
resistance in breast cancer. Nat Med 17
(6),708-14 (2011).

DOI: 10.1038/nm.2369

© 1996-2019


https://doi.org/10.7150/jca.11420
https://doi.org/10.1038/sj.emboj.7601602
https://doi.org/10.1007/s13238-011-1089-z
https://doi.org/10.2741/4608
https://doi.org/10.2741/4693
https://doi.org/10.3892/ijo.2017.4009
https://doi.org/10.18632/oncotarget.3930
https://doi.org/10.1016/j.celrep.2014.05.007
https://doi.org/10.1038/ni.1600
https://doi.org/10.1074/jbc.M111.276832
https://doi.org/10.1038/nm.2369

Multifunctional roles of CUEDC2 in tumorigeneses

13.

14.

15.

16.

17.

18.

19.

20.

J Zeng, LP Chen, M Chen, HQ Xu, Y
Chen, KJ Liu, RK Di: Expression of
melatonin receptor (MT1) and CUE
domain-containing 2 (CUEDC2) in human
breast cancer and clinical significance.
Chin Clin Oncol 17,795-800 (2012).

[doi not found]

H Yamashita: Current research topics in
endocrine therapy for breast cancer. Int J
Clin Oncol 13 (5),380-3 (2008).

DOI: 10.1007/s10147-008-0818-7

E A Musgrove: Estrogen receptor
degradation: a CUE for endocrine
resistance? Breast Cancer Res 13 (4),312
(2011).

DOI: 10.1186/bcr2914

A Jemal, F Bray, M Melissa, J Ferlay, E
Ward, D Forman: Global cancer statistics.
CA Cancer J Clin 61 (2),69-90 (2011).
DOI: 10.3322/caac.20107

R Siegel, E Ward, O Brawley, A
Jemal:Cancer statistics, 2011: the impact
of eliminating socioeconomic and racial
disparities on premature cancer deaths.
CA Cancer J Clin 61 (4),212-36 (2011).
DOI: 10.3322/caac.20121

H B. El-Serag: Epidemiology of viral
hepatitis and hepatocellular carcinoma.
Gastroenterology 142 (6),1264—73 (2012).
DOI: 10.1053/j.gastro.2011.12.061

XY Zhong, SY Tian, X Zhang, X Diao, FT
Dong, J Yang, ZY Li, LC Sun, L Wang, XP
He, GW Wu, X Hu, LH Wang, LB Song,
HF Zhang, X Pan, AL Li, P Gao: CUE
domain-containing protein 2 promotes the
Warburg effect and tumorigenesis. EMBO
Rep 18 (5),809-25 (2017).

DOI: 10.15252/embr.201643617

BQ Wang, F Xue, W Ding, JJ Tang, TB
Kang, M Maimaiti, HJ Li, JT Tang, XG
Dong, JW Yin, Y Abula, C Yi, L XU L,Q
Tong, GQ Zhang: Prognostic significance
of CUEDC2 expression in hepatocellular
carcinoma. Chin J Pathophysiol 31,124-9
(2015)

[doi not found]

944

21.

22.

23.

24.

25.

26.

27.

EW Lin, TA Karakasheva, PD Hicks,
AJ Bass, AK Rustgi: The tumor
microenvironment in esophageal cancer.
Oncogene 35 (41):5337-49 (2016).

DOI: 10.1038/onc.2016.34

WN Zhang, J Zhou, T Zhou, AL Li, N
Wang, JJ Xu, Y Chang, JH Man, X Pan,T
Li, WH Li, R Mu, B Liang, L Chen, BF Jin,
Q Xia, WL Gong, XM Zhang,L Wang, HY
Li: Phosphorylation-triggered CUEDC2
degradation promotes UV-induced G1
arrest through APC/CCdh1 regulation.
Proc Natl Acad Sci 110 (27),11017-22
(2013).

DOI: 10.1073/pnas.1221009110

T Sudo, Y Ota, S Kotani, M Nakao, Y
Takami,S Takeda,H Saya: Activation of
Cdh1-dependent APC is required for
G1 cell cycle arrest and DNA damage-
induced G2 checkpoint in vertebrate cells.
EMBO J 20 (22),6499-508 (2001).

DOI: 10.1093/embo0j/20.22.6499

T Zhang, S Nirantar, H H. Lim, | Sinha,
U Surana: DNA damage checkpoint
maintains CDH1 in an active state to
inhibit anaphase progression. Dev Cell 17
(4),541-51 (2009).

DOI: 10.1016/j.devcel.2009.09.006

SX Wang, J Pu, N Li, CF Li, C LilL
Yu,XH Wang,SF Fu,LH Cui: CUEDC2
protects against experimental colitis
and suppresses excessive proliferation
of intestinal mucosa. Dig Dis Sci 60
(12),3603-9 (2015).

DOI: 10.1007/s10620-015-3800-z

YF Gao, T Li, Y Chang, YB Wang, WN
Zhang, WH Li, K He, R Mu, C Zhen, JH
Man, X Pan, T Li, L Chen, M Yu, B Liang,
Y Chen, Q Xia, T Zhou, WL Gong, AL Li,
HY Li,XM Zhang: Cdk1-phosphorylated
CUEDC2 promotes spindle checkpoint
inactivation and chromosomal instability.
Nat Cell Biol 13 (8),924-33 (2011).

DOI: 10.1038/ncb2287

L R Tammy, W Gang, M Olena, D Allen,
A M Marco, D S Marianne: LNCaP Atlas:
Gene expression associated with in

© 1996-2019


https://doi.org/10.1007/s10147-008-0818-7
https://doi.org/10.1186/bcr2914
https://doi.org/10.3322/caac.20107
https://doi.org/10.3322/caac.20121
https://doi.org/10.1053/j.gastro.2011.12.061
https://doi.org/10.15252/embr.201643617
https://doi.org/10.1038/onc.2016.34
https://doi.org/10.1073/pnas.1221009110
https://doi.org/10.1093/emboj/20.22.6499
https://doi.org/10.1016/j.devcel.2009.09.006
https://doi.org/10.1007/s10620-015-3800-z
https://doi.org/10.1038/ncb2287

Multifunctional roles of CUEDC2 in tumorigeneses

28.

20.

30.

31.

32.

33.

34.

35.

vivo progression to castration-recurrent
prostate cancer. BMC Med Genomics 3
(1),43 (2010).
[doi not found]

B B. Aggarwal: Nuclear factor-kB: the
enemy within. Cancer Cell 6 (3),203-8
(2004).

DOI: 10.1016/j.ccr.2004.09.003

HJ Zhang, GQ Chang, J Wang, YN Lin,
L Ma, TX Pang: CUEDC2 sensitizes
chronic myeloid leukemic cells to imatinib
treatment. Leuk Res 37 (11),1583-91
(2013).

DOI: 10.1016/j.leukres.2013.08.019

J F. Bromberg, M H. Wrzeszczynska,
G Devgan, YX Zhao, R G. Pestell, C
Albanese,J E. Darnell: Stat3 as an
oncogene. Cell 98 (3),295-303 (1999).
DOI: 10.1016/S0092-8674(00)81959-5

DE.Levy,J.E.Darnell:Stats: transcriptional
control and biological impact. Nat Rev
Mol Cell Biol 3 (9),651-62 (2002).

DOI: 10.1038/nrm909

H KIU, S E. Nicholson: Biology and
significance of the JAK/STAT signalling
pathways. Growth Factors 30 (2),88-106
(2012).

DOI: 10.3109/08977194.2012.660936

TS Migone, JX Lin, A Cereseto, J C.
Mulloy, J J. O'Shea, G Franchini, W J.
Leonard: Constitutively activated JAK-
STAT pathway in T cells transformed
with HTLV-l. Science 269 (5220),79-81
(1995).

DOI: 10.1126/science.7604283

RM Weber-Nordt, C Egen, J Wehinger,
W  Ludwig, V Gouilleux-Gruart, R
Mertelsmann, J Finke: Constitutive
activation of STAT proteins in primary
lymphoid and myeloid leukemia cells
and in Epstein-Barr virus (EBV)-related
lymphoma cell lines. Blood 88,809-16
(1996)

[doi not found]

R Buettner, L B. Mora, R Jove: Activated
STAT signaling in human tumors provides

36.

37.

38.

39.

40.

41.

42.

novel molecular targets for therapeutic
intervention. Clin Cancer Res 8,945-54
(2002)

[doi not found]

QY Wu, YY Zhu, Y Liu, F Wei, YX Tong, J
Cao, P Zhou, MS Niu,ZY Li, LY Zeng, F Li
and KL Xu: CUEDC2, a novel interacting
partner of the SOCS1 protein, plays
important roles in the leukaemogenesis of
acute myeloid leukaemia. Cell Death Dis
9 (7),774 (2018).

DOI: 10.1038/s41419-018-0812-6

A Ventura, T Jacks: MicroRNAs and
cancer: short RNAs go a long way. Cell
136 (4),586-591 (2009).

DOI: 10.1016/j.cell.2009.02.005

K Ashish, K Akhilesh, | Harshad, K
Sushil, M Richa, K V Mahendra, B
Debasis, S K Nachimuthu, M Anamika,
A R Ashwin, T Akinori, K Himanshu:
MicroRNA hsa-miR-324-5p Suppresses
H5N1 Virus Replication by Targeting the
Viral PB1 and Host CUEDC2 J Virol 92
(19), (2018)

[doi not found]

LQ Song, D Liu, Y Zhao, JJ He, HF Kang,
ZJ Dai,XJ Wang, SQ Zhang, Y Zan:
Sinomenine inhibits breast cancer cell
invasion and migration by suppressing
NF-kB activation mediated by IL-4/miR-
324-5p/CUEDC2 axis. Biochem Biophys
Res Commun 464 (3),705-10 (2015).
DOI: 10.1016/j.bbrc.2015.07.004

Z Jian, B Liang, X Pan, G Xu, SS Guo,
T Li, T Zhou, YB Xiao, AL Li: CUEDC2
modulates  cardiomyocyte  oxidative
capacity by regulating GPX1 stability.
EMBO Mol Med 8 (7),813-29 (2016).
DOI: 10.15252/emmm.201506010

N Koleini, E Kardami: Autophagy and
mitophagy in the context of doxorubicin-
induced cardiotoxicity. Oncotarget 8
(28),46663-80 (2017).

DOI: 10.18632/oncotarget. 16944

P Vejpongsa, ET Yeh: Prevention of
anthracycline-induced cardiotoxicity:

© 1996-2019


https://doi.org/10.1016/j.ccr.2004.09.003
https://doi.org/10.1016/j.leukres.2013.08.019
https://doi.org/10.1016/S0092-8674(00)81959-5
https://doi.org/10.1038/nrm909
https://doi.org/10.3109/08977194.2012.660936
https://doi.org/10.1126/science.7604283
https://doi.org/10.1038/s41419-018-0812-6
https://doi.org/10.1016/j.cell.2009.02.005
https://doi.org/10.1016/j.bbrc.2015.07.004
https://doi.org/10.15252/emmm.201506010
https://doi.org/10.18632/oncotarget.16944

Multifunctional roles of CUEDC2 in tumorigeneses

challenges and opportunities. J Am Coll
Cardiol 64 (9), 938-45 (2014).
DOI: 10.1016/j.jacc.2014.06.1167

43. C F. Thorna, C Oshiroa, S Marshe, T
Hernandez-Boussardb, H MclLeodd,
TE. Kleina, R B. Altmana: Doxorubicin
pathways:  pharmacodynamics  and
adverse effects. Pharmacogenet
Genomics 21 (7),440-6 (2011).

DOI: 10.1097/FPC.0b013e32833ffb56

44. L Samuel: Doxorubicin-induced
cardiotoxicity. Postgrad Med J 71
(835),318 (1995).

DOI: 10.1136/pgmj.71.835.318

45. XP Zhang, JJ Li, YB Cheng, JG Yij,
X Liu, W Cheng: Downregulation of
CUEDC2 prevents doxorubicin-induced
cardiotoxicity in H9c2 cells. Mol Med Rep
18 (1),855-63 (2018).

DOI: 10.3892/mmr.2018.9072

46. R Li, BL Chen, YW Zhou, RW GUO, MT
Shuai, JX Zeng, AM Leng: Expression
and clinical significance of Apollon in
esophageal squamous cell carcinoma,
Mol Med Rep 14 (3),1933-40 (2016).
DOI: 10.3892/mmr.2016.5473

47. T Liu, R Li, H Zhao, J Deng, Y Long, MT
Shuai, Q Li, H Gu, YQ Chen, AM Leng:
elF4E promotes tumorigenesis and
modulates chemosensitivity to cisplatin
in esophageal squamous cell carcinoma,
Oncotarget 7 (41),66851-64 (2016).

DOI: 10.18632/oncotarget. 11694

Abbreviations: CUEDC2 (CUE domain-
containing 2); PR (progesterone receptor);
JAK/STAT (the Janus kinase/signal transducer
and activator of transcription); ER (endocrine
resistance); ER-a (estrogen receptor-a);
Hepatocellular carcinoma (HCC); AFP (alpha-
fetoprotein); GR (glucocorticoid receptor);
GLUT3 (glucose transporter 3); LDHA (lactate
dehydrogenase A); shRNA (short hairpin
RNA); TNF (tumor necrosis factor); (AR)
androgen receptor; IBDs (inflammatory bowel
diseases); APC/C (the anaphase-promoting
complex or cyclosome); Cdc20 (cell division

cycle protein); Cdh1 (Cdc20 homolog 1);
SAC (the spindle assembly checkpoint);
PP-1 (protein phosphatase-1); CML (chronic
myeloid leukemia); IFNs (interferons); SOCS3
(suppressor of cytokine signaling-3); AML (acute
myeloid leukemia); MS (mass spectrometry);
TNF (tumor necrosis factor); ROS (reactive
oxygen species); GPX1 (glutathione
peroxidase 1); I/R (ischemia/reperfusion); DOX
(Doxorubicin); elF4E (eukaryotic translation
initiation factor 4E)

Key Words: CUEDC2, Tumorigeneses, Cell
cycle, Inflammation, Tumor progression,
Prognosis, Review

Send correspondence to: Ai-min Leng,
Department of Gastroenterology, Xiangya
Hospital, Central South University, Xiangya
Rd, Changsha, Hunan 410008, P. R. China,
Tel: 86-139-7519-6918, Fax: 0731-89753310,
E-mail: 1253959512@qqg.com

© 1996-2019


https://doi.org/10.1016/j.jacc.2014.06.1167
https://doi.org/10.1097/FPC.0b013e32833ffb56
https://doi.org/10.1136/pgmj.71.835.318
https://doi.org/10.3892/mmr.2018.9072
https://doi.org/10.3892/mmr.2016.5473
https://doi.org/10.18632/oncotarget.11694
mailto:1253959512%40qq.com%20?subject=

