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Abstract: Colorectal cancer (CRC) is the third most commonly diagnosed cancer and the third leading cause of can-
cer death in both men and women. NudC domain containing 1 (NUDCD1) was identified as an oncoprotein which
was activated or over-expressed in various human cancers. We aimed to investigate the effects and mechanisms of
NUDCD1 in human CRC. The expression of NUDCD1 in CRC and pericarcinous tissues from 70 CRC patients were
determined by real-time PCR, western blotting, and immunohistochemistry. The correlation between the expression
of NUDCD1 and clinical characteristics was analyzed. The expression of NUDCD1 in five CRC cell lines and normal
colon mucosal epithelial cell line was measured by real-time PCR. Then we knock down NUDCD1 in HCT116 and
HT 29 cells. The cell viability assay, scratch assay, migration and invasion assay and flow cytometry were used to
analyze NUDCD1's effects on the proliferation, migration, invasion, cell cycle and apoptosis of CRC cells. NUDCD1’s
effects on CRC xenografts of nude mice was also determined. Results showed that the expression of NUDCD1 was
much higher in CRC tissues than that in pericarcinous tissues. Over-expression of NUDCD1 in human CRC tissues
was significantly associated with lymph node metastasis, distant metastasis, and advanced stages. The expression
of NUDCD1 was higher in all of the CRC cell lines than that in normal colon epithelial mucosal cells. To knockdown
NUDCD1 resulted in significant decreases in cell viability and proliferation, decreased protein expression of N-
cadherin and increased protein expression of E-cadherin which were biomarkers of EMT, arrested the cell cycle
and increased apoptosis via down-regulated cyclin D1, Bcl2, and up-regulated cleaved-caspase3. Furthermore, to
knockdown NUDCD1 inactivated IGF1R-ERK1/2 signaling pathway in vitro and in vivo, and suppressed the xeno-
grafts of CRC. In conclusion, NUDCD1 promotes the carcinogenesis and metastasis of CRC through inducing EMT
and inhibiting apoptosis, which suggests NUDCD1 be a potential biomarker for CRC.
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Introduction genes in the process of tumor recurrence and
metastasis have been identified, the underlying

Colorectal cancer (CRC), highly resistant to mechanism of CRC metastasis remains unclear

chemotherapy, growing rapidly with early vas-
cular and lymph invasion, is the second leading
cause of cancer-related deaths in developed
countries [1]. Largely due to the distant metas-
tasis and high frequency of tumor recurrence,
CRC patients were associated with an extreme-
ly poor prognosis after surgical resection [2, 3].
Recent statistics showed that the incidence
rate of CRC had been dramatically increasing
with years in China, ranking only after lung can-
cer and gastric cancer [4]. Although multiple

[5-7]. Looking for reliable biomarkers for recur-
rence and metastasis will greatly benefit CRC
patients and may provide novel gene targets for
CRC treatment.

NudC domain containing 1 (also known as
NUDCD1, CML66, or OVAG6), identified as an
oncoprotein frequently activated or over-ex-
pressed in various human cancers, was known
as an important kind of protein named cancer
antigen [8, 9]. It was also involved in regulating
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Table 1. Relationship between NUDCD1 levels in CRC tissues and clinical

pathological features (n=70)

apoptosis of CRC cells
via regulating IGF1R-

NUDCD1 relative expression

Clinical

characteristics
(%) (%)

N (%)  Up-regulation Down-regulation Mean + SEM P

ERK1/2 signaling pa-
thway.

Age

>60 32 (45.7) 22(31.4) 10 (14.3)

<60 38(54.3) 27 (38.6) 11 (15.7)
Sex

Male 37(52.9) 24 (34.3) 13 (18.6)

Female 33(47.1) 25(35.7) 8(11.4)
T Division

T1-T2 7 (10.0) 3(4.3) 4 (5.7)

13-T4 63 (90.0) 42 (60.0) 21 (30.0)
Lymph Invasion

NO 34 (48.6) 18 (25.7) 16 (22.9)

N1-N2 36 (51.4) 30(42.9) 6 (8.6)
Metastasis

MO 60 (85.7) 39 (55.7) 21 (30.0)

M1 10 (14.3) 10 (14.3) 0(0.0)
Duke Division

-1 33(47.1) 18(25.7) 15 (21.4)

-1V 37 (52.9) 31(44.3) 6 (8.6)

Materials and meth-

ods
3.56 £ 0.64 0.328

2.79 +£0.45 Patients and samples

275+ 0.45 0.224 To determine the ex-
3.34 + 0.58 pression of NUDCD1
in CRC tissues, 70
cases of CRC patients
who underwent radical
surgery in the Depart-
ment of General Sur-
gery, West China Hos-
pital, Sichuan Univer-
sity, from May 2010 to
Sep 2011 were includ-
ed in the study. The
CRC and pericarcinous
tissues (negative con-
trol, NC) were surgical-

2.07£1.29 0.610
2.79 £ 0.37

213+0.42 0.041
3.36 £ 0.55

2.69+0.36 0.003
5.83+1.20

2.30+0.44 0.031
3.90 £ 0.57

different biological processes, such as apopto-
sis and immune responses. It was reported
that over-expression of NUDCD1 enhanced the
proliferation, invasion, and survival of HO-8910
cells via regulating IGF-1R-MAPK signaling
pathway [10]. Over-expression of NUDCD1 can
confer tumorigenicity to NIH3T3 cells, and
inhibit the apoptosis of cultured human tu-
mor cells which exposed to chemotherapeu-
tic agents via hyper-activating PI3SK-AKT and
ERK1/2-MAPK signaling pathway [11]. Althou-
gh current evidence suggested that NUDCD1
may act as an oncoprotein, its expression and
molecular mechanisms in CRC metastasis
remain unclear.

Therefore we hypothesized that NUDCD1 over-
expression plays a metastatic role during the
progression of colorectal mucosa to CRC. To
test our hypothesis, we extensively measured
NUDCD1 expression in human CRC tissues and
determined its contribution to CRC prolifera-
tion, invasion, and metastasis in vitro and in
vivo. We also investigated the molecular mech-
anisms by which NUDCD1 mediates metasta-
sis. Our results demonstrated that NUDCD1
was over-expressed in CRC tissues and cells,
playing a major metastatic role in growth,
epithelial-mesenchymal transition (EMT) and
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ly resected. A nd part
of each sample was
quickly stored in liquid nitrogen for real-time
PCR and western blotting. Part of each sa-
mple for immunohistochemistry detection was
fixed by 4% paraformaldehyde (Boster, Wuhan,
China) for 24 hours, then dehydrated and
embedded in paraffin. The pericarcinous tis-
sues which were away from tumors at least 5
cm, did not contain cancer cells. General infor-
mation of these patients was summarized in
Table 1. The CRC tissues were further divided
into well (WD) or poorly differentiated (PD)
groups by two pathologists independently. All
tissue samples were collected from consent-
ing individuals according to the protocols
approved by the Ethics Review Board of
Sichuan University.

Cell culture

All of the cell lines in this study were kept in
the Department of Pharmacology, West China
School of Preclinical and Forensic Medicine,
Sichuan University. The normal colon mucosal
epithelial cell line, NCM460, was purchased
from the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). Five
CRC cell lines, SW620, HCT116, HT29, SW480
and DLD1 cells, were purchased from Ameri-
can Type Culture Collection (ATCC; Manas-
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sas, VA, USA). The cells were cultured with
Dulbecco’s modified eagle medium (DMEM)
high glucose medium (HyClone, Logan, UT,
USA) supplemented with 10% fetal bovine
serum (Shengong, Shanghai, China) and 1%
penicillin-streptomycin solution (HyClone, Lo-
gan, UT, USA) at 37°C in 5% CO,,.

Real-time PCR

Total RNA (1 ug) was obtained by E.Z.N.A®
Total DNA/RNA/Protein Kit (Omega Bio-Tekinc,
Norcross, GA), and subjected to reverse tran-
scription with a Revert Aid First Strand cDNA
Synthesis Kit (Thermo scientific Inc, MA, USA)
according to the manufacturer’s protocol. Qu-
antitative real-time polymerase chain reaction
(real-time PCR) was performed with SYBR®
Premix Ex TaqTMII (Tli RnaseH Plus) (Takaro
Bio Inc, Japan) and CFX96TM Real-Time PCR
Detection System. The primers were as fo-
llows: NUDCD1-forward: 5-CTGTGGCAGAGGT-
AAAACTTC-3’; NUDCD1-reverse: 5-GACAAGG-
TAACCCAGGTAGAAG-3’; GAPDH-forward: 5-AG-
AAGGCTGGGGCTCATTTGC-3; GAPDH-reverse:
5-ACAGTCTTCTGGGTGGCAGTG-3.

The relative expression of NUDCD1 was ana-
lyzed with the 222t method [12].

Immunohistochemistry (IHC) detection

All of the paraffin-embedded specimens were
sectioned into 5 ym slides. The sections were
incubated with rabbit polyclonal antibody
against NUDCD1 (Abcam, Cambridge, UK), then
incubated with immunohistochemical assay kit
(Boster, Wuhan, China) according to manufac-
turer’s instructions, subsequently stained with
DAB (Beyotime, Shanghai, China) and hema-
toxylin (Beyotime, Shanghai, China) [10]. Protein
expressions of NUDCD1 were visualized by the
optical microscope (TS100-F, Nikon, Japan). All
of the slices were observed under the optical
microscope (Olympus, Japan), 5 fields of each
slice were randomly captured. The average
optical density (IOD/Area) of the pictures was
measured by Imagepro-plus 6.0 (Media Cy-
bernetics, PA, USA) for the semi-quantitative
analysis of the expression of NUDCD1.

Western blot analysis

The total protein was extracted by E.Z.N.A®
Total DNA/RNA/Protein Kit (Omega Bio-Tekinc,
Norcross, GA). Protein concentrations were
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determined by the BCA protein assay kit (Pierce
Biotechnology, Rockford, IL). Equal amounts of
proteins were mixed with loading buffer, boiled
for 5 min, and separated on 10% SDS-PAGE.
Protein samples (50 pg) were subjected to
10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE), and then elec-
tronically transferred to polyvinylidene fluoride
(PVDF) membrane (Millipore, USA). The blot
was blocked with 5% non-fat milk at room tem-
perature for 1 h and then incubated with pri-
mary antibody at 4°C overnight. The mem-
brane was then incubated with goat anti-rabbit
secondary antibody (Abcam, Cambridge, UK)
at room temperature for 1 h. Electro-Chemi-
Luminescence (ECL) detect kit (Beyotime,
Shanghai, China) was used for blot chemi-lumi-
nescence. Image lab 3.0 software (Bio-Rad,
GA, USA) was used to obtain and analyze the
signal. The target proteins were normalized
against the loading control GAPDH.

Plasmids construction and transfection

Based on the available information at CRISPR
Design (http://crispr.mit.edu), clustered regu-
larly interspaced short palindromic repeats
(CRISPRs) for NUDCD1 were designed accord-
ing to the Zhang laboratory’s protocol [13] and
then cloned into the lentiCRISPR/CAS9 vector
by the following pHBcas9n (D10A)/gRNA Easy
KO Reagent (Hanbio, Shanghai, China) manu-
facturer’ protocols.

The sgRNA sequence targeted 5-GGCGGCT-
AATTGCTCCCTAC-3'. The primer sequences of
NUDCD1 CRISPR were: 5-CACCGGCGGCTAA-
TTGCTCCCTAC-3’; 5'-AAACGTAGGGAGCAATTAG-
CCGCC-3. The primer sequences of negative
control CRISPR were: 5-CACCGTTCTGTGTCT-
GGGCCATTTT-3’; 5-AAACAAAATGGCCCAGACA-
CAGAAC-3'.

For NUDCD1 over-expression, the gene seque-
nces encoding NUDCD1 was amplified from
HCT-116 cells using ClonExpress Il One Step
Cloning Kit (Vazyme, Nanjing, China) and cloned
into the pcDNA3.1 plasmid according to the
manufacturer’s instructions.

When growing to 50%-70% confluence, cells
were transfected with plasmids (2 pg/mL in
complete growth media) by using ExFect
Transfection Reagent (Vazyme, Nanjing, China)
according to the manufacturer’s instructions.

Am J Cancer Res 2018;8(5):810-823
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Figure 1. The expression of NUDCD1 was significantly increased in human CRC tissues (CRC) than that in pericar-
cinous tissues (NC). Relative NUDCD1 mRNA expression in human CRC tissues and cell lines was detected by real-
time PCR. A. Relative NUDCD1 expression in CRC tissues and adjacent pericarcinous tissues. B. Relative NUDCD1
expression in CRC tissues with T1-T2, T3-T4 stages, and adjacent pericarcinous tissues. C. Relative NUDCD1 ex-
pression in CRC tissues from patients with lymph metastasis (N1-N2), without lymph metastasis (NO) and adjacent
pericarcinous tissues. D. Relative NUDCD1 expression in CRC tissues from patients with metastasis (M1), without
metastasis (MO) and adjacent pericarcinous tissues. E. Relative NUDCD1 expression in CRC tissues from patients
with duke stage I-1, 1lI-1V, and adjacent pericarcinous tissues. F. Relative NUDCD1 protein expression in human CRC
tissues and adjacent pericarcinous tissues. G. Immunohistochemistry staining of CRC tissues and adjacent pericar-
cinous tissues (100x). Results display the mean + SEM from triplicate experiments, *P < 0.05.

Cell Proliferation (MTS) assay cells were transfected with plasmid NC-sgRNA

or NUDCD1-sgRNA and maintained in DMEM
To determine the effects of NUDCD1 on the high glucose medium (HyClone, Logan, UT,
proliferation of CRC cells, HCT116 and HT29 USA) supplemented with 10% FBS at 37°C in

813 Am J Cancer Res 2018;8(5):810-823



Molecular mechanisms of colorectal cancer

A B NCM460 SW620 HCT116 HT29 SW480 DLD1
NUDCD1 s s wmmee o s @ 61D

GAPDH SN s "= S W9 W= 37:Da

Relative mRNA expression of NUDCD1
Relative expression of NUDCD1

HCT116 HT29
NUDCD1 s === e EESN cckDa
GAPDH i) QD @nms =S @ 37kDa

i & &
056 N2 i gﬁg \E'Q
s P - S
8 20 & é“‘\&"a ~
3 [ HCT116 *
5 - HT29 -
5 1.5 § HCT116
g . . HT20
. 7
5_1.0 E ’ #
i g
g 05 * i
€ * 5
£ 00 [ 1o S
5 NC-sgRNA NUDCD1-5gRNA £ *
e g
g
©
2
]
3 N
& o,_,o & &F
P
< N
&
S
E HCT116 HT29

*
=

=+ NC-sgRNA
084 -+ NUDCD1-sgRNA

=+ NC-sgRNA
-= NUDCD1-sgRNA

e

*
*

e o

Absorbance(490nm)
o
»N

Absorbance(490nm)

o

<

=4
>

0h 24h 48h 72h Oh 24h 48h 72h

Figure 2. The expression of NUDCD1 in different CRC cell lines and its ef-
fect on the proliferation of CRC cells. A. Relative NUDCD1 expression in the
normal colon mucosal epithelial cell line, NCM460, and five CRC cell lines,
SW620, HCT116, HT29, SW480, and DLD1. B. Relative NUDCD1 protein ex-
pression in NCM460 cells and SW620, HCT116, HT29, SW480 and DLD1
cells. Then HCT116 and HT29 were transfected with NUDCD1-sgRNA or
NC-sgRNA, respectively. C. Relative NUDCD1 mRNA expression in HCT116
and HT29 cells after transfection. D. Relative NUDCD1 protein expression
in HCT116 and HT29 cells after transfection. E. Cell viability of HCT116 and
HT29 cells was measured by MTS assay. Cell growth curves were plotted ac-
cording to the absorbance at 490 nm. Results display the mean + SEM from
triplicate experiments. *P < 0.05, compared with NCM460 or NC-sgRNA, #P
< 0.05, compared with NUDCD1-sgRNA.

After incubation of O, 24, 48,
72 h, the cells were harvested
for analysis. The optical den-
sity was measured at 490
nm using a spectrophotome-
ter (Bio-Rad, USA).

Wound healing assay

To determine the effects of
NUDCD1 on the migration of
CRC cells wound healing assay
was performed as previously
described [14]. HCT116 and
HT29 cells were cultured in
a 24-well plate and transfe-
cted with NUDCD1-sgRNA or
NC-sgRNA for 48 h. The cell
monolayer in each well was
scraped with a p200 pipet
tip to create a gap. After wa-
shing with culture medium to
remove cell debris, the cells
were allowed to migrate for 24
hours, then observed under
an optical microscope. The
relative migration was calcu-
lated by the ratio of the dis-
tance after experiment to the
distance before experiment.

Cell migration and invasion
assay

48 h after transfection, the
migration and invasion of the
HCT116 and HT29 cells trans-
fected with NUDCD1-sgRNA or
NC-sgRNA were analyzed by
using QCM Laminin Migration
Assay kit (ECM220, Merck Mi-
llipore, Darmstadt, Germany)
and Cell Invasion Assay kit
(ECM 550, Merck Millipore,
Darmstadt, Germany). Cells
on the below surface of the
membrane were stained ac-
cording to the manufacturer’
protocols. Eventually, cells
were counted as follows: five

5% CO,. Cytotoxicity test was performed using fields were randomly selected, and their imag-
the CellTiter 96 AQueous One Solution Cell es were obtained under the microscope (100x).
Proliferation Assay (MTS) reagent (Promega, The number of transmembrane cells was calcu-
WI, USA) to determine the number of viable lated, then the migration and invasion were
cells following the manufacturer’s instructions. evaluated.

814 Am J Cancer Res 2018;8(5):810-823
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Animal studies

Twelve male BALB/c-nu mice
(4-5 weeks of age, 18-22 g)
were purchased from Das-
huo experimental animal com-
pany, Sichuan, China. Mice
were maintained under spe-
cific pathogen-free conditions,
12 hours light/dark cycle with
free access to water and food.
All experimental procedures
were approved by the Ethics
Review Board of Sichuan Uni-
versity. 1x10® HCT116 cells
were subcutaneously injected
into the flank of each mouse.

[ NC-sgRNA
1. H
0. I
0.0
Oh

0.05, compared with NC-sgRNA.

Cell cycle and apoptosis assay

48 h after transfection, the HCT116 and HT29
cells transfected with NUDCDZ1-sgRNA or
NC-sgRNA were fixed with 75% ethanol at 4°C
overnight, incubated with 1 mg/mL RNaseA for
30 min at 37°C, and stained with propidium
iodide (PI; Beyotime, Shanghai, China) accord-
ing to the manufacturer’s instructions. Sub-
sequently, the stained cells were analyzed by
flow cytometry.

Also 48 h after transfection, for cell apoptosis
analysis, the transfected cells were washed
with PBS and re-suspended in the binding buf-
fer. 100 pL cell suspension was added with 5
uL Annexin V-FITC (Vazyme, Nanjing, China)
and 5 pL PI (Vazyme, Nanjing, China), then incu-
bated for 15 min in the darkness. After the
incubation, 400 uL binding buffer was added
into the suspension for flow cytometry assay.
The apoptosis was analyzed by CFlow plus 1.0
software (BD Biosciences, NJ, USA). On the
other hand, for the observation of cell apopto-
sis, cells were washed with PBS and stained
with Pl for 15 min in the darkness. Subsequ-
ently, the cells were stained with Hoechst
33342 (Beyotime, Shanghai, China) for 15 min.
Eventually, the stained cells were observed by
fluorescence microscope.

815

al I HI H[

Figure 3. To knockdown NUDCD1 inhibited the migration of HCT116 and
HT29 cells. A. Wound healing assay was used to assess the migration of
HCT116 and HT29 cells transfected with NUDCD1-sgRNA or NC-sgRNA,
respectively. B. Quantification of migration distance of HCT116 and HT29
cells. Results display the mean + SEM from triplicate experiments. *P <

The nude mice were divid-
ed into two groups: six mice
(negative control group) were
transfected with NC-sgRNA
plasmid (10 ug each mouse)
in vivo via xenograft injec-
tion every 4 days, and the
others were transfected with
NUDCD1-sgRNA plasmid in the same way. The
transfections were conducted with Entranster-
in vivo (Engreen Biosystem, Beijing, China)
according to the manufacturer’s instructions
and the protocols provided in literatures [15,
16]. Four weeks later, all mice were sacrificed.
Xenografts were dissected and weighed, then
quickly stored in liquid nitrogen for real-time
PCR and western blotting.

Statistical analysis

SPSS software (version 20.0, SPSS, Inc.,
Chicago, IL, USA) was used for statistical analy-
sis. All the experiments were repeated three
times. Data were expressed as the mean *
standard error of mean (SEM). The continuous
variables were compared using an unpaired
Student t test or a Mann-Whitney U test if the
variables were not normally distributed. P <
0.05 was considered to indicate a statistically
significant difference.

Results

The relative mRNA and protein expression of
NUDCD1 in CRC tissues and cell lines

The general information of 70 CRC patients
was summarized in Table 1. Expression of

Am J Cancer Res 2018;8(5):810-823
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and DLD1 cells. As shown in
Figure 2A and 2B, all of the
five CRC cell lines displayed
higher mRNA and protein
expression of NUDCD1 than
that of NCM460 cells. Our
results showed that over-
expression of NUDCD1 in CRC
tissues was significantly cor-
related with lymph node me-
tastasis, distant metastasis,
and advanced CRC stages,
which indicated that NUDCD1
might promote the carcino-
genesis and metastasis of
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66kDa To determine the effects of
NUDCD1 on the proliferation
of CRC cells, CRISPR/Cas9
plasmid of NUDCD1 (NUDCD1-
sgRNA) and its negative con-
” trol (NC-sgRNA) were design-
ed and chemically synthe-
sized. Since NUDCD1 was
most highly expressed in HC-
T116 and HT29 cells, these
two cell lines were chosen to
be transfected with these

Relative proteins expression
Relative proteins expression

NC-sgRNA NUDCD1-sgRNA

Figure 4. To knockdown NUDCD1 inhibited the migration and invasion of
HCT116 and HT29 cells. Transwell migration (A) and invasion assay (B) were
conducted with HCT116 and HT29 cells transfected with NUDCD1-sgRNA
) Quantification of cell numbers of the
transwell migration and invasion assays. (D) Relative protein expression of
the biomarkers of EMT, E-cadherin and N-cadherin, by western blotting. Re-
sults display the mean £+ SEM from triplicate experiments. *P < 0.05, com-

or NC-sgRNA, respectively (100x). (C

pared with NC-sgRNA.

NUDCD1 mRNA was significantly up-regulated
in CRC tissues compared to the pericarcinous
tissues (Figure 1A). As shown in Figure 1B-E,
the correlation between NUDCD21 and clinical
characteristic of CRC patients was analyzed.
Up-regulation of NUDCD1 protein was also
observed in these clinical specimens (Figure
1F), and NUDCD1 protein was located in the
cytoplasm and on the membrane (Figure 1G).
In addition, real-time PCR and western blotting
were used to measure the mRNA and protein
expression of NUDCD1 in normal colon muco-
sal epithelial cell line NCM460 and five human
CRC cell lines, SW620, HCT116, HT29, SW480,

816

NC-sgRNA

NUDCD1-sgRNA . . . .
= plasmids in vitro, respectively.

Compared with the negative
control, the mRNA and protein
expression of NUDCD1 were
significantly down-regulated
in HCT116 and HT29 cells
transfected with NUDCD1-
sgRNA (Figure 2C and 2D).
Recovered NUDCD1 were ob-
served in HCT116 cells after
co-transfection with NUDCD1-sgRNA and
NUDCD1 overexpression plasmids (Figure 2D).
As shown in the results of MTS assay, to knock-
down NUDCD1 can obviously inhibit the prolif-
eration of HCT116 and HT29 cells (Figure 2E).

To knockdown NUDCD1 suppressed the migra-
tion and invasion of CRC cells through inhibit-
ing EMT

To determine the effects of NUDCD1 on the
migration and invasion of CRC cells, we per-
formed wound-healing and transwell assays
(with matrix-gel or not). As shown in Figures 3,

Am J Cancer Res 2018;8(5):810-823
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4A and 4C, to knockdown NUDCD1 significantly
inhibited the migration of HCT116 and HT29
cells. Results of transwell assays with matrix-
gel demonstrated that to knockdown NUDCD1
inhibited the invasion of HCT116 and HT29
cells (Figure 4B and 4C). To determine the
effects of NUDCD1 on EMT, we determined the
expression of two important biomarkers of

817

EMT, N-cadherin, and E-cadherin, by western
blotting. Our results demonstrated that to
knockdown NUDCD1 decreased the expression
of N-cadherin, and increased the expression of
E-cadherin in HCT116 and HT29 cells (Figure
4D), which indicated that NUDCD1 suppressed
the migration and invasion of CRC cells through
inhibiting EMT.
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Figure 6. To knockdown NUDCD1 promoted the apoptosis of HCT116 and HT29 cells. A. Cells were stained with An-
nexin V-FITC and Pl at 72 h after transfection. The ratio of apoptosis was detected by flow cytometry. Q2: detected
cells; LL: viable cells, LR: early apoptotic cells; UR: late apoptotic cells; UL: necrotic cells. B. Quantification of per-
centage of apoptotic cells from A. Results display the mean + SEM from triplicate experiments. *P < 0.05, compared

with NC-sgRNA.

To knockdown NUDCD1 induced the cell cycle
arrest and apoptosis of CRC cells

To investigate the effects of NUDCD1 on the
cell cycle and apoptosis of CRC cells, HCT116
and HT29 cells were transfected with NUDCD1-
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sgRNA or NC-sgRNA, respectively. Then they
were stained with PI, Annexin V-FITC/PI and
Hochest 33342/PI, respectively, then analyzed
by flow cytometer and observed by fluores-
cence microscope. As shown in Figure 5, to
knockdown NUDCD1 increased the proportion
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To knockdown NUDCD1
inhibited the IGF1R-ERK1/2
signaling pathway in vitro and
in vivo

Over-expression of NUDCD1
enhanced the proliferation,
invasion, and survival of HO-
8910 cells via IGF-1R-MAPK
signaling pathway [10]. How-
ever, NUDCD1's effects on
the IGF-1R-MAPK signaling pa-
thway in CRC in vitro and in
vivo remain unclear. Therefore,
we investigated its effects on
this signaling pathway in CRC.
IGF-1R inhibitor, linsitinib (50
nM), was set as a positive
control in vitro. As shown in
Figure 8, NUDCD1 knockdo-
wn significantly decreased the
phosphorylation of phospho-
IGF1R (P-IGF1R) and phospho-
ERK1/2 (P-ERK1/2) in HCT-
116 and HT29 cells, sug-
gesting that NUDCD1 knock-

Il cleaved-caspase3

proteins exp

0.2

ive proteins exp
-
T

e 0.0+
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Figure 7. To knockdown NUDCD1 resulted in the apoptosis of HCT116 and
HT29 cells. A. HCT116 and HT29 cells were stained with Hoechst 33342
and PIl. The apoptotic cells were observed by fluorescence microscopy. B.
Relative expression of several important proteins in the cell cycle and apop-
tosis were analyzed by western blotting. PI, propidium iodide; H, Hoechst
33342; M, merge. Results display the mean + SEM from triplicate experi-

ments. *P < 0.05, compared with NC-sgRNA.

of cells in GO/G1 phase and decreased that in
S and G2/M phase in comparison with the neg-
ative control. Moreover, to knockdown NUDCD1
significantly increased the percentage of apop-
totic cells compared to the negative control
(Figures 6, 7A). To explore the molecular mech-
anism of how NUDCD1 regulated cell cycle and
apoptosis, we analyzed the expressions of sev-
eral important proteins in the cell cycle arrest
and apoptosis, cyclin D1, Bcl2, and caspase3,
by western blotting. Our results demonstrated
that to knockdown NUDCD1 decreased the
expression of cyclin D1 and Bcl2, increased the
expression of cleaved-caspase3 (Figure 7B).
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down significantly inhibited
IGF-1R-MAPK signaling path-
way in CRC in vitro. Likewise,
to knockdown NUDCD1 in
vivo could significantly sup-
press the CRC carcinogenesis
and metastasis in hude mice
(Figure 9A-C), paralleling with
the reduced phosphorylation
of P-IGFAR and P-ERK1/2
(Figure 9D). Our results indi-
cated that NUDCD1 promotes
the malignancy and metasta-
sis of CRC through regulating IGF1R-ERK1/2
signaling pathway.

Discussion

NUDCD1 (OVAGG6) is precisely identical to the
CML66 which was initially identified in a chronic
myelogenous leukemia (CML) cDNA expression
library [17]. NUDCD1t promoted the prolifera-
tion, invasion, and survival of Hela cells as an
oncoprotein [18]. To explore the effects of
NUDCD1 in CRC, we investigated the expres-
sions of NUDCD1 in CRC tissues and cell lines.
NUDCD1 was demonstrated to be up-regulated
in CRC tissues compared to pericarcinous tis-
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invasion. Moreover, we found

that to knockdown NUDCD1

sues. The expression of NUDCDZ1 was higher in suppressed the progression of EMT via de-
all of the five CRC cell lines compared to creasing the expression of N-cadherin and
NCM460 cells. To knockdown NUDCD1 re- increasing the expression of E-cadherin [23].
sulted in decreased proliferation, invasion

and metastasis of CRC cells. Collectively, our As reported, active cell cycle and apoptosis sig-
data demonstrated that NUDCD1 was over- naling play a critical role in tumor development
expressed in CRC tissues and cell lines. [24, 25]. NUDCD1-sgRNA and NC-sgRNA trans-

fected CRC cells were stained with Pl. Data
showed that there was a cell cycle accumula-
tion in period GO/G1 and a decline of cell per-
centage in period G2 after transfection of
NUDCD1-sgRNA. In addition, CRC cells were
stained with Annexin V-FITC/Pl and Hochest/PI,
then analyzed by Flow cytometer and fluores-
cence microscope. We observed that NUDCD1

Recent studies reported a series of biological
effects of NUDCD1 in tumor cells, not only
about immune responses [19-22] but also
about apoptosis or other functions [10, 11].To
verify our hypothesis about NUDCD1 in CRC,
we analyzed the correlation of NUDCD1 expres-
sion with pathological characteristics of 70
CRC patients. To our knowledge, it is the first

study which demonstrated that NUDCD1 pro- could inhibit the apoptosis of CRC cells, just as
motes metastasis in human CRC. We demon- its role in NIH3T3 and other cancer cells [10,
strated that NUDCD1 expression was lower in 11]. We also determined the expressions of
surrounding pericarcinous tissues compared cyclin D1, Bcl2, capase3, and cleaved-cas-
to CRC tissues, increased in early stage tumor pase3 [26-28]. Our results showed that to
tissues, and reached the highest level in knockdown NUDCD1 decreased the protein
advanced stage invasive tumor tissues. The expression of cyclin D1, Bcl2 and increased
expression levels of NUDCD1 were also corre- the protein expression of cleaved-capase3 in
lated with poor clinical features including lymph HCT116 and HT29 cell lines. These results
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and total Akt did not change
after knocking down NUDCD1
in our preliminary study (data
not shown). So NUDCD1 may
inhibit the changes of p-Akt
through other mechanisms in
CRC cells.

In conclusion, we demonstrat-
ed that NUDCD1 can promote
carcinogenesis and metasta-
sis of CRC through inducing
EMT and inhibiting apoptosis,
which suggested that NUDC-
* D1 may serve as a biomarker
or a target for metastasis of
CRC patients.
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indicated the critical roles of NUDCD1 in regu-
lating tumor cell cycle and apoptosis in CRC.

Down-regulation of NUDCD1 had been report-
ed to inhibit the IGFAR-ERK1/2 signaling path-
way in cervical and ovarian cancer cells [10].
The hyper-activation of ERK1/2 signaling path-
way can promote the malignant biological
behavior of CRC cells [29, 30], while the inhibi-
tion of ERK1/2 signaling pathway can affect
the expressions of the proteins related to prolif-
eration, metastasis, invasion, cycle, and apop-
tosis [31-35]. In our study, NUDCD1 knockdown
significantly inhibited the phosphorylation of
P-IGFAR and P-ERK1/2 of CRC cells in vitro
and in vivo, indicating that NUDCD1 can inhibit
the IGF-1R-MAPK signaling pathway in CRC.
Changes in IGF1R signaling theoretically result
in changes of p-Akt. But the expression of p-Akt
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