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Expression of CUEDC2
in colorectal cancer with
different invasion and
migration abilities
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Abstract

Objective: To investigate CUE domain containing 2 (CUEDC2) expression in colorectal cancer

with different invasion and migration abilities.

Methods: Fresh colon cancer tissues, obtained from patients with or without lymph node

metastasis who were treated at the Department of General Surgery, Chinese People’s

Liberation Army General Hospital, and SW620 and HT29 colorectal cancer cell lines, were

analysed for CUEDC2 expression.

Results: Real-time polymerase chain reaction showed significantly higher CUEDC2 mRNA levels

in colon cancer tissue from patients with (n¼ 8) versus without (n¼ 8) lymph node metastasis,

and in SW620 versus HT29 cells. Western blots revealed significantly higher CUEDC2 protein

levels in colon cancer tissues from patients with versus without lymph node metastasis, and in

SW620 versus HT29 cells. Colorectal cancer tissues from patients with lymph node metastasis

showed more intense immunohistochemical staining and moderate staining of cell nuclei and

cytoplasm versus less intense/weak staining in tissues from patients without lymph

node metastasis.

Conclusions: CUEDC2 is highly expressed in colorectal cancer tissues and colorectal cancer cell

lines with high invasion and migration ability. CUEDC2 may be involved in promoting invasion and

metastasis in colorectal cancer.
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Background

Colorectal cancer has become the third
most common malignant tumour in men
and is second only to breast cancer in
women, with an annual death toll as high
as 861 663 according to the latest World
Health Organisation cancer statistics.1

Approximately 50% of patients with colo-
rectal cancer will have liver metastases, with
25% prevalence each of synchronous and
metachronous liver metastases.2 In patients
with colorectal cancer, distant metastasis is
the leading cause of death, and the liver is
the most common distant metastatic site.3,4

There is no accurate method to predict the
risk of metastasis in patients with colorectal
cancer and 90% of patients diagnosed with
metastases will not be able to undergo rad-
ical surgery at the time of initial diagno-
sis.5,6 The mechanism of invasion and
metastasis of colorectal cancer remains
unclear.7 In order to improve the prognosis
of patients diagnosed with colorectal
cancer, it is imperative that the mechanism
of colorectal cancer invasion and metastasis
be determined.

CUE domain containing 2 (CUEDC2) is
a protein with a molecular weight of about
32 kDa that is expressed in all human tis-
sues and organs.8 It has been found that
CUEDC2 is highly expressed in ovarian
and breast cancer, and in renal carcinoma,
and is closely related to patients’ adverse
prognosis and disease recurrence. As a
result, it is thought that CUEDC2 expres-
sion may promote the development of
tumours.9–11 CUEDC2 has been shown to
play an important role in the development

and progression of neoplasms, but varying

mechanisms of action have been reported

between different neoplasms, and its role

in colorectal cancer invasion and metastasis

has not been reported.
Clarification of the invasion and metas-

tasis mechanism of colorectal cancer has

important clinical significance for improv-

ing the prognosis of patients with colorectal

cancer. Thus, the aim of the present study

was to investigate the expression of

CUEDC2 in postoperative fresh colon

cancer tissues and in colorectal cancer cell

lines with different invasive abilities, in

order to further explore the role of

CUEDC2 in colorectal cancer invasion

and metastasis, and find a certain theoreti-

cal basis.

Patients and methods

Study population and specimen collection

Tumour tissue specimens were collected

from consecutive patients with primary

colon cancer with or without lymph node

metastasis, who underwent surgical resec-

tion at the Department of General

Surgery, the Chinese People’s Liberation

Army General Hospital, between

December 2015 and February 2016.

Tumour tissues were diagnosed as colon

carcinoma by preoperative imaging and

postoperative pathology.
Patients were included if they met the

following criteria: (1) 18–75 years of age;

(2) had undergone surgery at the People’s

Liberation Army General Hospital and the
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operating surgeons were above the level of

deputy chief physician; and (3) postopera-

tive pathology confirmed the diagnosis of

colon cancer according to the 7th edition

of the American Joint Committee on

Cancer Staging Manual. Exclusion criteria

comprised: (1) acute or chronic infection;

(2) multiple primary malignancies; (3) peri-
operative death; or (4) undergoing emer-

gency surgery.
The study was approved by the ethics

committee of the Chinese People’s

Liberation Army General Hospital, Beijing,

China, and all patients provided written

informed consent to participate in the study.

Colorectal cell lines

The following two human colorectal cancer

cell lines were obtained from the Chinese
People’s Liberation Army General

Hospital of the General Surgery Institute:

SW620 colorectal adenocarcinoma cell

line, originally derived from lymph node

metastasis of colon tissue and HT29 colo-

rectal adenocarcinoma cell line, originally

derived from a primary colon tumour by

explant culture. For the experiments

detailed below, cell lines were cultured in

Corning 25 cm2 culture flasks at 37�C/5%
CO2 in HyClone Dulbecco’s Modified

Eagle’s medium (Fisher Scientific,

Waltham, MA, USA) supplemented with

10% HyClone fetal bovine serum

(Fisher Scientific).

Reverse transcription and real-time

polymerase chain reaction (PCR)

To investigate levels of CUEDC2 mRNA in

different types of colorectal cancer cells,

total RNA was extracted from fresh colo-

rectal cancer tissue (200 mg per sample) and

human colorectal cancer cells (1� 106

cells/cm2) using RNAisoTM Plus (Takara
Bio, Kusatsu, Shiga, Japan) according to

the manufacturer’s instructions. Total

RNA was synthesized to cDNA by reverse
transcription using PrimeScriptTM RT
Master Mix (Takara) according to the man-
ufacturer’s instructions. The cDNA was
then used as a template for real-time PCR
amplification of CUEDC2. Each 20 ml reac-
tion mix contained the following: 10 ml
SYBR Premix Ex TaqTM II (with dNTPs;
Takara), 2 ml cDNA, 7.2 ml ddH2O and
0.2 mmol/l of the following primers:
CUEDC2 forward GATGCCAGGAAC
AAAGAGAA and reverse CTCATCTT
GGGTGTCTGC; or GAPDH forward
GAAGGTGAAGGTCGGAGTC and
reverse GAAGATGGTGATGGGATTTC
as internal control. The PCR reactions were
performed using an Applied Biosystems real-
time PCR system (ThermoFisher Scientific,
Waltham, MA, USA) and the following
cycling programme: preliminary denatur-
ation at 95�C for 30 s, followed by 40
cycles of denaturation at 95�C for 5 s,
annealing at 60�C for 34 s, and elongation
at 72�C for 10 s. The mRNA levels were ana-
lysed using the comparative Ct method
(2-��Ct). The experiment was repeated
three times for each tissue sample and each
cell line.

Western blot

Total protein was extracted from fresh
colorectal cancer tissues and human colo-
rectal cancer cell lines (1� 106 cells/cm2)
using radioimmunoprecipitation assay
(RIPA) buffer for cell lysis, and protein
was quantified by a standard bicinchoninic
acid (BCA) method. Aliquots of total pro-
tein (20 mg each) were separated by sodium
dodecyl sulphate (SDS)-polyacrylamide gel
electrophoresis (PAGE), transferred to
nitrocellulose membranes (CWBIO
Company, Beijing China), and blocked for
1 h at room temperature using 5% skimmed
milk powder (Mengniu Dairy Co., Ltd.,
China) in Tris-HCl buffered saline (TBS)-
0.1% Tween-20 (Beijing Suolai Bao
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Technology Co., Ltd). Membranes were
then incubated with rabbit anti-CUEDC2
(1:500 dilution) and anti-GAPDH (1:1000
dilution) primary polyclonal antibodies
(both Abcam, Cambridge, UK) overnight
at 4�C and washed three times 10min
each in TBS-Tween-20 buffer at room tem-
perature. Membranes were then incubated
with horse-radish peroxidase (HRP)-conju-
gated goat anti-rabbit secondary antibody
(1:1000 dilution; CWBIO Company) for
45min at room temperature, and washed
three times 10min each in TBS-Tween-20
buffer. The immunoreactive signal was
visualised using an enhanced chemilumines-
cence kit according to the manufacturer’s
instructions reagents. Results were evaluat-
ed using a G:BOX imaging system
(Syngene, Cambridge, UK) with Kodak
X-Omat film, followed by relative quantifi-
cation by determining the mean optical den-
sity of each sample and calculating the
CUEDC2:GAPDH ratio. The experiment
was repeated three times.

Immunohistochemistry

Fresh tissue samples were fixed with 4%
formalin followed by routine dehydration
and paraffin embedding. Tissue blocks
were cut into 4 mm thick sections using an
automatic microtome and then underwent
dewaxing in xylene and rehydration by
alcohol gradient (anhydrous C2H5OH!
95% C2H5OH!90% C2H5OH!80%
C2H5OH!70% C2H5OH) for 5min at
each concentration. Sections were then
washed with 0.01 mol/l phosphate buffered
saline (PBS; pH 7.4), followed by antigen
retrieval in 10 mM sodium citrate buffer
(pH 6.0) and autoclave at 120�C for 2.5
min. Endogenous peroxidase activity was
blocked by incubating the sections for
10min at room temperature in 3% H2O2

solution. Sections were then blocked with
goat serum for 30min at room temperature,
followed by incubation with rabbit

anti-human CUEDC2 polyclonal primary

antibody (1:200 dilution; Abcam) at 4�C
overnight. Sections were then washed

three times in TBS-Tween-20, incubated

with goat anti-rabbit biotinylated second-

ary antibody (1:200 dilution; CWBIO

Company) for 1 h at room temperature,

then incubated with HRP-conjugated strep-

tavidin at 37C for 30 min. One drop of

DAB colour solution (Sigma, USA) was

added per section, covered and incubated

at room temperature 15min. Sections were

counterstained with haematoxylin (CWBIO

Company) and dehydrated in gradient alco-

hol (5min per concentration) followed by

xylene fixation (xylene I and II, 10min

each). PBS was used as a negative control

and breast cancer tissues known to express

high levels of CUEDC2 protein, were used

as a positive control.
A semi-quantitative scoring system,

based on staining intensity and range, was

used to evaluate the immunohistochemistry

results. Staining intensity scoring criteria

were as follows: no staining¼ 0; light

yellow (low intensity staining)¼ 1 point;

yellow or dark yellow (medium intensity

staining)¼ 2 points; and brown or dark

brown (high intensity staining)¼ 3 points.

Staining range scoring criteria comprised

the number of positive cells out of all cells

counted in five high power fields

(400�magnification), to obtain the propor-

tion of positive cells stained, where: 0%¼ 0;

1–24%¼ 1 point; 25–49%¼ 2 points; 50–

74%¼ 3 points; and 75–100%¼ 4 points.

Immunohistochemical results were scored

by multiplying the staining intensity score

by the staining range score, where: 0

points is negative (–), 1–3 points is weakly

positive (þ), 4–7 points is moderately posi-

tive (þþ), and �8 points is strongly positive

(þþþ). In the present study, immunohisto-

chemical scores were defined as follows: low

expression, 1–7 points; high expression,

�8 points; and not expressed, 0 points.
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Statistical analyses

The Western blot immunoreactive signals

were analysed using Quantity One software,

version 4.6.6 (Bio-Rad Laboratories,

Hercules, CA, USA). Statistical analyses

were performed using IBM SPSS software,

version 17.0 (SPSS Inc., Chicago, IL, USA)

and graphs were generated using GraphPad

Prism software, version 5 (GraphPad Inc.,

CA, USA). Quantitative variables are pre-

sented as the mean�SD. Measurement

data with a normal distribution and homo-

geneity of variance were analysed for

statistical differences using Student’s t-test.

A P-value< 0.05 was considered statistical-

ly significant.

Results

Tissue specimens were collected from 16

patients diagnosed with primary colon

cancer (mean� SD age, 61.4� 5.4 years;

male:female ratio, 11:5). Eight cases were

associated with lymph node metastasis

and eight were not, with no statistically sig-
nificant between-group differences in terms
of age or sex.

CUEDC2 mRNA levels

Reverse transcription with real-time PCR
showed that levels of CUEDC2 mRNA in
tumour tissues from patients with colorectal
carcinoma and lymph node metastasis was
significantly higher than in tissue from
patients without lymph node metastasis
(P<0.05, n¼ 8; Figure 1a). Levels of
CUEDC2 mRNA were also significantly
higher in SW620 cells, originally derived
from lymph node metastasis, compared

with HT29 cells (P <0.05, n¼ 3; Figure 1b).

CUEDC2 protein levels

Western blot analysis showed that
CUEDC2 protein levels were significantly
higher in patients with colorectal carcinoma
and lymph node metastases compared with
patients without lymph node metastasis

(P<0.05, n¼ 8) (Figure 2a). CUEDC2

Figure 1. CUE domain containing 2 (CUEDC2) mRNA levels in colorectal cancer: (a) fresh colon cancer
tissue from patients with lymph node metastasis (LNþ) versus without lymph node metastasis (LN�) (each
bar represents one sample, each assayed in triplicate); and (b) colorectal cancer cell lines HT29 versus
SW620; Data presented as mean� SD, #P <0.05 versus HT29 cell line (Student’s t-test).
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protein levels were also significantly higher

in SW620 cells compared with HT29

(P< 0.05, n¼ 3) (Figure 2b).
Immunohistochemistry results showed

moderate CUEDC2 staining in the nuclei

and cytoplasm of the lymph node metasta-

sis group (Figure 3a), and weak staining in

the non-lymph node metastasis group

(Figure 3b).
Immunohistochemical staining intensity

and range-based scoring revealed that the

mean CUEDC2 immunohistochemical

score for colorectal carcinoma tissue in

patients with lymph node metastasis was

significantly higher than in patients without

lymph node metastasis (P<0.05, n¼ 8)

(Figure 4).

Discussion

The incidence of colorectal cancer is high,1

and 50% of patients die from complications

due to distant metastasis.3,4 Understanding

the invasion and metastasis mechanisms in

colorectal cancer is of great significance to

facilitate early detection in patients with

colorectal cancer, and for targeted diagno-

sis and treatment measures.3 Although the

mechanisms governing invasion and metas-

tasis in colorectal cancer are known to be

complex, they currently remain unclear.
The CUEDC2 protein has a molecular

weight of about 32 kDa and an amino

acid number of 287, making it acidic.8 The

amino acid sequence of CUEDC2 contains

a coupling of ubiquitin conjugation to ER

degradation (CUE) domain in the amino

acid sequence from position 144 to position

187.8 CUEDC2 is ubiquitously expressed in

all tissues and organs, with high expression

levels in the brain, heart and testis.8

CUEDC2 plays an important role in the

regulation of cell physiological activities

and in tumour development.8

Figure 2. Representative Western blots and summary data of CUE domain containing 2 (CUEDC2)
protein levels in colorectal cancer: (a) fresh colon cancer tissue from patients with lymph node metastasis
(LNþ) versus without lymph node metastasis (LN�); and (b) colorectal cancer cell lines HT29 versus
SW620; Data presented as mean� SD, #P <0.05 compared with (a) LN- group and (b) HT29 cells (Student’s
t-test).
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Expression of CUEDC2 has been shown
to induce anaphase-promoting complex
(APC/C) activation, resulting in abnormal
mitotic chromosomal separation, which

may promote tumour progression.8 The

activation of signal transducer and activa-

tor of transcription (STAT)3 can prompt

cell-induced tumour angiogenesis, inhibit

the body’s anti-tumour immunity, and pro-

mote tumour progression. CUEDC2 has

been shown to enhance the stability of the

janus kinase (JAK)-STAT pathway inhibi-

tor, suppressors of cytokine signalling
(SOCS)3, by promoting the binding of

extension protein C to SOCS3. The interac-

tion of CUEDC2 with SOCS3 inhibits the

cytokine-mediated JAK1-STAT3 path-

way.12–14 Thus, CUEDC2 plays a role

both in promoting and inhibiting tumori-

genesis and progression through the regula-

tion of physiological activities. The specific

role of CUEDC2 in tumours has attracted

wide attention from scientists.
Zhang et al.,15 found that CUEDC2,

through CUE domain and progesterone

receptor (PR) binding in the 180–226

amino acid region, inhibits the PR

activation-mediated mitogen-activated pro-

tein kinase (MAPK) pathway, thus reduc-

ing the effect of progesterone in breast
cancer cell growth. CUEDC2 was also

Figure 4. Immunohistochemical analysis of CUE
domain containing 2 (CUEDC2) protein levels in
fresh colon cancer tissue from patients with lymph
node metastasis (LNþ) versus without lymph node
metastasis (LN�); Data presented as mean� SD
staining scores, #P <0.05 versus LN- group
(Student’s t-test).

Figure 3. Representative photomicrographs showing immunohistochemical staining of CUE domain con-
taining 2 (CUEDC2) protein in fresh colon cancer tissue from patients (a) with or (b) without lymph node
metastasis; 200�Magnification.
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found to promote progesterone-induced PR
degradation through the ubiquitin-
proteasome pathway.15 Another study
found that CUEDC2-positive expression
was associated with a shorter disease-free
survival time, and that CUEDC2 may be
a promising biomarker for evaluating the
progression of serous ovarian carcinoma
and to predict the likelihood of ovarian
serous carcinoma relapse.11 Conversely,
decreased expression of CUEDC2 has
been suggested to contribute to tumour
growth in lung adenocarcinoma, leading
to a poor clinical outcome. 16

To date, the role of CUEDC2 in the
invasion and metastasis of colorectal
cancer has not been reported. The present
study showed that CUEDC2 expression, in
terms of mRNA and protein levels, was sig-
nificantly higher in colon cancer tissues
from patients with lymph node metastasis
than in patients without lymph node metas-
tasis, suggesting that CUEDC2 might play
an important role in the lymph node metas-
tasis of colon cancer. The SW620 cell line
was originally obtained from lymph node
metastasis of colorectal cancer, while the
HT29 cell line was obtained from the
explant culture of a primary colorectal
cancer tumour, and the invasion and migra-
tion capacity decreased gradually. Levels of
CUEDC2 mRNA and protein in colorectal
cancer cells with high invasion and migra-
tion abilities (SW620 cells) were significant-
ly increased versus HT29 cells, suggesting
that CUEDC2 expression intensified with
the increased invasion and migration abili-
ty, and thus may promote invasion
and migration in colorectal cancer.
Immunohistochemical analysis of tumour
tissues demonstrated that CUEDC2 expres-
sion was higher in patients with lymph node
metastasis than in patients without lymph
node metastasis. CUEDC2 was found to be
strongly expressed in the nuclei and cyto-
plasm of cells from patients with lymph
node metastasis and only weakly expressed

in the cytoplasm of cells from patients with-
out lymph node metastasis, suggesting that
CUEDC2 may play a role in promoting the
lymphatic metastasis of colon cancer
through activities in the nucleus
and cytoplasm.

In a study into the role of CUEDC2 in
an animal model of inflammatory bowel
disease, Wang et al.17 revealed that
CUEDC2 played a vital role in preventing
excessive proliferation and inhibiting the
nuclear factor (NF)-jB and STAT3 signal-
ling pathways, suggesting that CUEDC2
may prevent colonic inflammation associat-
ed with cancer development. The research
also revealed that CUEDC2 knockout mice
had increased body weight loss, more
severe colonic mucosal injury, worse diar-
rhoea and significantly elevated
pro-inflammatory cytokines (interleukin
[IL]-6, tumour necrosis factor-a,
cyclooxygenase-2, and macrophage inflam-
matory protein-2) than control mice.17

Moreover, the NF-jB and STAT3 signal-
ling pathways were increasingly activated
and the percentage of proliferating cell bio-
markers (Ki67, CyclinD1, BrdU) in the
inflammatory tissues was significantly
raised in CUEDC2 knockout mice.17

CUEDC2 has also been shown to inhibit
tumour proliferation through inactivation
of the phosphatidylinositol-3-kinase/
protein kinase B(Akt) pathway, induction
of p21 and down-regulation of cyclin
D1.16 Decreased expression of CUEDC2
was shown to contribute to tumour
growth in patients with lung adenocarcino-
ma who had a poor clinical outcome and
increased CUEDC2 expression was associ-
ated with decreased cell proliferation in
vitro and inhibited tumour growth in nude
mice in vivo.16 Moreover, knockdown of
endogenous CUEDC2 promoted tumour
growth.16 Another study reported that
CUEDC2 inhibited invasion and metastasis
of breast cancer by inhibiting phosphoryla-
tion of IjB kinase to block NF-jB pathway
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activation through regulation of the IL-4/
miR-324-5p/CUEDC2 axis.18

Conversely, a separate study reported
that CUEDC2 played an important role in
promoting tumour progression through
aerobic glycolysis, or the Warburg effect.19

CUEDC2 was shown to upregulate the two
key glycolytic proteins (glucose transporter
[GLUT]3 and lactate dehydrogenase (LDH]
A) by interacting with the glucocorticoid
receptor or 14-3-3f, respectively. The
researchers further showed that increased
aerobic glycolysis was essential for the role
of CUEDC2 in driving cancer progres-
sion.19 Moreover, they demonstrated a cor-
relation between the abnormal expression
of CUEDC2, and GLUT3 and LDHA in
clinical human hepatocellular carcinoma
samples, further illustrating a relationship
between CUEDC2 and the Warburg effect
during cancer progression.19

In the present study, CUEDC2 was
highly expressed in the nuclei and cyto-
plasm of colon cancer tissues from patients
with lymph node metastasis, and colorectal
adenocarcinoma cell lines with high inva-
sive migration properties also expressed
high levels of CUEDC2. CUEDC2 may
play an important role in the invasion and
metastasis of colorectal cancer. The results
of the present study may be limited by the
fact that this was a single centre study with
a small sample size, and there may have
been selection bias. Multicentre tissue
sample evaluation with a larger sample
size may yield more reliable results. The
specific role and mechanism of CUEDC2
in colorectal cancer invasion and metastasis
remains to be elucidated. Clear understand-
ing of the invasion and metastasis mecha-
nisms underlying colorectal cancer has
important clinical significance for improv-
ing the prognosis of patients with colorectal
cancer.

In conclusion, CUEDC2 is highly
expressed in colorectal cancer tissues and
colorectal cancer cell lines with high

invasion and migration ability, and

CUEDC2 may play a role in promoting

invasion and metastasis in colorectal

cancer via nuclear and cytoplasmic activity.

Declaration of conflicting interest

The authors declare that there is no conflict

of interest.

Funding

This work was supported by the National

Natural Science Foundation of China

(No. 61471397).

References

1. Bray F, Ferlay J, Soerjomataram I, et al.

GLOBOCAN estimates of incidence and

mortality worldwide for 36 cancers in 185

countries. CA Cancer J Clin 2018;

68: 394–424.
2. Engstrand J, Nilsson H, Stromberg C, et al.

Colorectal cancer liver metastases - a

population-based study on incidence, man-

agement and survival. BMC Cancer 2018;

18: 78.
3. Kemeny NE. Treatment of metastatic colon

cancer: “the times they are A-changing”.

J Clin Oncol 2013; 31: 1913–1916.
4. Schmoll HJ, Van Cutsem E, Stein A, et al.

ESMO consensus guidelines for manage-

ment of patients with colon and rectal

cancer. a personalized approach to clinical

decision making. Ann Oncol 2012;

23: 2479–2516.
5. Ye LC, Liu TS, Ren L, et al. Randomized

controlled trial of cetuximab plus chemo-

therapy for patients with KRAS wild-type

unresectable colorectal liver-limited metasta-

ses. J Clin Oncol 2013; 31: 1931–1938.
6. Adam R and Vinet E. Regional treatment of

metastasis: surgery of colorectal liver metas-

tases. Ann Oncol 2004; 15: iv103–iv106.
7. Hu S, Zou Z, Li H, et al. The preoperative

peripheral blood monocyte count is associ-

ated with liver metastasis and overall surviv-

al in colorectal cancer patients. PLoS One

2016; 11: e0157486.

Hu et al. 913



8. Man J and Zhang X. CUEDC2: an emerg-
ing key player in inflammation and tumori-
genesis. Protein Cell 2011; 2: 699–703.

9. Gao YF, Li T, Chang Y, et al. Cdk1-phos-
phorylated CUEDC2 promotes spindle
checkpoint inactivation and chromosomal
instability. Nat Cell Biol 2011; 13: 924–933.

10. Zhang WN, Zhou J, Zhou T, et al.
Phosphorylation-triggered CUEDC2 degra-
dation promotes UV-induced G1 arrest
through APC/C(Cdh1) regulation. Proc

Natl Acad Sci USA 2013; 110: 11017–11022.
11. Wang A, Guo C, Sun Y, et al.

Overexpression of CUEDC2 predicts poor
prognosis in ovarian serous carcinomas.
J Cancer 2015; 6: 542–547.

12. Yu H and Jove R. The STATs of cancer–
new molecular targets come of age. Nat Rev

Cancer 2004; 4: 97–105.
13. Lee H, Deng J, Kujawski M, et al. STAT3-

induced S1PR1 expression is crucial for per-
sistent STAT3 activation in tumors. Nat

Med 2010; 16: 1421–1428.
14. Zhang WN, Wang L, Wang Q, et al.

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

2012; 287: 382–392.
15. Zhang PJ, Zhao J, Li HY, et al. CUE

domain containing 2 regulates degradation
of progesterone receptor by ubiquitin-pro-
teasome. EMBO J 2007; 26: 1831–1842.

16. Sun L, Bai L, Lin G, et al. CUEDC2 down-
regulation is associated with tumor growth
and poor prognosis in lung adenocarcinoma.
Oncotarget 2015; 6: 20685–20696.

17. Wang S, Pu J, Li N, et al. CUEDC2 protects
against experimental colitis and suppresses
excessive proliferation of intestinal mucosa.
Dig Dis Sci 2015; 60: 3603–3609.

18. Song L, Liu D, Zhao Y, et al. Sinomenine
inhibits breast cancer cell invasion and
migration by suppressing NF-kappaB acti-
vation mediated by IL-4/miR-324-5p/
CUEDC2 axis. Biochem Biophys Res

Commun 2015; 464: 705–710.
19. Zhong X, Tian S, Zhang X, et al. CUE

domain-containing protein 2 promotes the
Warburg effect and tumorigenesis. EMBO

Rep 2017; 18: 809–825.

914 Journal of International Medical Research 47(2)


