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Abstract: The epithelial-to-mesenchymal transition (EMT) is a critical step in tumor metastasis. NEDD9 has been 
shown to be an oncogene in colorectal cancer. However, little is known about the relationship between NEDD9 
and EMT in colorectal cancer metastasis. A total of 63 pairs of freshly frozen colorectal cancer tissues and ad-
jacent noncancerous tissues were evaluated for NEDD9 gene expression using quantitative real-time PCR. The 
expression of NEDD9 and three epithelial-mesenchymal transition (EMT)-related proteins (E-cadherin, β-catenin 
and vimentin) was examined in 122 colorectal cancers by immunohistochemistry. The expression of NEDD9 was 
markedly increased in colorectal cancer tissues compared with adjacent noncancerous tissues. The expression 
level of NEDD9 was positively correlated and TNM stage but not with other clinicopathological features of colorectal 
tumors. Furthermore, the expression of NEDD9 was strongly associated with the loss of epithelial marker E-cadherin 
and acquired expression of the mesenchymal markers nuclear β-catenin and vimentin. These findings suggested 
that NEDD9 might promote EMT and the progression of colorectal cancer, and thus may be a potential therapeutic 
target of colorectal cancers.
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Introduction

Colorectal cancer (CRC) is the third most com-
monly diagnosed cancer in men and second in 
women globally, and causes the fourth most 
cancer-related deaths [1]. Despite the substan-
tial progress achieved in diagnosis and treat-
ment for CRC in recent years, the overall 5-year 
survival rate remains unsatisfactory due to 
metastasis [2]. Therefore, it is imperative to 
identify novel molecular markers or factors for 
the early detection before distant metastasis 
appears and for prognosis of colorectal can- 
cer.

NEDD9 (neural precursor cell expressed devel-
opmentally down-regulated 9, also known as 
HEF1, human enhancer of filamentation 1 and 
Cas-L, Crk-associated substrate lymphocyte 
type) was initially identified by its developmen-

tally regulated expression pattern in early em- 
bryonic, but not adult [3-5]. NEDD9 plays impor-
tant roles in cell cycle regulation and cell sur-
vival [6]. Overexpression of NEDD9 has also 
been identified in several human malignancies 
including breast cancer, melanoma, glioblasto-
ma, head and neck squamous cell carcinoma 
(HNSCC), lung cancer, liver cancer, cervical can-
cer, gastric cancer, and pancreatic cancer [7- 
19]. Overexpression of NEDD9 has been found 
to promote tumor progression [16-19]. NEDD9 
was recently reported to play a role in the pro-
gression and may serve as a novel prognostic 
marker for colorectal cancer [20]. It is believed 
that NEDD9 regulates cell adhesion, migration, 
invasion, and epithelial-mesenchymal transi-
tion (EMT) [21-24].

Although it has been demonstrated that NEDD9 
plays an important role in the development of 
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colorectal cancer [20], its association with EMT 
in colorectal cancer has yet to be clarified. This 
study analyzed the expression of NEDD9 in 
archived colorectal cancer tissue samples us- 
ing quantitative polymerase chain reaction or 
immunohistochemistry as well as the relation-
ship between NEDD9 expression and levels of 
three EMT markers in colorectal cancer sampl- 
es. 

Materials and methods

Patients and tissues samples

This study was approved by the Research Ethics 
Committee of The Third Hospital Affiliated to 
Nantong University. Written informed consent 
was obtained from all of the patients. All speci-
mens were made anonymous and handled 
according to the ethical and legal standards.

For qRT-PCR, we collected 63 pairs of fresh 
colorectal cancer and matched adjacent nor-
mal tissue specimens from patients who under-

Total RNA was extracted from colorectal cancer 
and adjacent noncancerous tissues using Qia- 
zol reagent (Qiagen, Hilden, Germany) accord-
ing to the manufacturer’s protocol. The integrity 
of RNA was verified by electrophoresis on a 1% 
agarose gel stained with ethidium bromide. The 
quality and quantity of RNA were determined by 
ultraviolet spectroscopy. cDNA was synthesized 
using random hexamer primers and a Fer- 
mentas M-MLV reverse transcriptase (Thermo- 
Fisher, Waltham, MA, USA).

Quantitative real-time PCR

The expression level of NEDD9 gene was de- 
termined by quantitative real-time RT-PCR with 
β-actin as the internal control. The primers for 
the target gene were as follows: 5’-CGGGA- 
CCTTCTCGCTTTCATC-3’ and 5’-GGTGGGTTGAG- 
CCGTTTTCC-3’ for NEDD9 and 5’-CGTCTTCCC-
CTCCATCGT-3’ and 5’-GCCTCGTCGCCCACATAG- 
3’ for β-actin. PCR was performed using Maxi- 
maTM SYBR Green/ROX qPCR Master MIX 

Table 1. Relationship between NEDD9 expression levels 
and clinicopathological parameters of colorectal cancer 
samples

Variable Numbers
NEDD9 relative 

expression  
(mean ± SEM*)

P 
value

Age (years) 0.62
    ≤ 65 30 0.53 ± 0.21
    > 65 33 0.59 ± 0.25
Gender 0.55
    Male 34 0.48 ± 0.19
    Female 29 0.52 ± 0.27
Tumour site 0.47
    Rectum 28 0.54 ± 0.19
    Colon 35 0.55 ± 0.26
Tumour histology 0.16
    Adenocarcinoma 44 0.47 ± 0.28
    Mucinous adenocarcinoma 19 0.58 ± 0.23
Tumour differentiation 0.012
    Well/Moderate 38 0.21 ± 0.17
    Poor 25 0.85 ± 0.36
TNM stage 0.004
    II 37 0.18 ± 0.09
    III 26 0.93 ± 0.34
Lymph vascular invasion 0.07
    Absence 33 0.36 ± 0.22
    Presence 30 0.62 ± 0.28
*SEM: Standard error of mean.

went surgery between October 2011 
and April 2012 in The Third Hospital 
Affiliated to Nantong University. In 
particular, adjacent normal tissues 
were taken 5-10 cm away from the 
tumor tissues. All specimens were 
immediately frozen in liquid nitrogen 
after surgery and stored at -80°C until 
RNA extraction. No patients received 
chemotherapy or radiotherapy prior to 
operation. Clinical information of 
these patients was summarized in 
Table 1. 

For immunohistochemical assays, ar- 
chived and paraffin-embedded color- 
ectal cancer tissues and adjacent 
noncancerous tissues were collected 
from 122 patients who underwent 
surgery between 2001 and 2008 in 
The Third Hospital Affiliated to Nan- 
tong University. The cases selected 
were based on distinctive pathologic 
diagnosis of colorectal cancer, under-
going curative resection for tumor 
without preoperative chemotherapy 
or radiotherapy. The clinicopathologi-
cal characteristics of these 122 
patients were summarized in Table 2.

Total RNA isolation and cDNA syn-
thesis
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(ThermoFisher) on an Applied Biosystems 
StepOnePlusTM instrument. The PCR amplifica-
tion conditions consisted of an initial denatur-
ation at 95°C for 10 minutes, 40 cycles of 
denaturation at 95°C for 15 seconds, anneal-
ing at 58°C for 5 seconds, then extension for 
15 seconds at 72°C. All samples were mea-
sured in triplicate. The 2-ΔΔCt method was used 
to quantify the relative levels of gene expre- 
ssion.

Immunohistochemistry

Immunohistochemistry was performed to de- 
tect the expression of NEDD9, E-cadherin, 
β-catenin and vimentin in formalin-fixed paraf-

sion was classified as low (0-3) or high (4-9). For 
EMT makers (E-cadherin, β-catenin and vimen-
tin), immunohistochemistry staining was evalu-
ated using the method described earlier: posi-
tive staining of < 10% of tumor cells was de- 
emed to be negative, whereas positive staining 
of ≥ 10% of tumor cells was considered to be 
positive [25].

Statistical analysis

All data were expressed as means ± standard 
error of mean (SEM) from at least three sepa-
rate experiments. Statistical analyses were 
performed using SPSS version 16.0. Differences 
between groups were analyzed using a paired 

Table 2. Correlation of NEDD9 expression with  clinicopatho-
logical parameters

Variable No. of 
patients

NEDD9 expression P 
valueLow High

Age (years)
    ≤ 65 57 27 30 0.518
    > 50 65 27 38
Gender
    Male 48 23 25 0.513
    Female 74 31 43
Tumour site
    Rectum 49 25 24 0.218
    Colon 73 29 44
Tumour histology
    Adenocarcinoma 89 40 49 0.803
    Mucinous adenocarcinoma 33 14 19
Tumour differentiation
    Well/Moderate 76 40 36 0.017
    Poor 46 14 32
TNM stage
    II 67 37 30 0.007
    III 55 17 38
Lymph vascular invasion
    Absence 63 32 31 0.133
    Presence 59 22 37
E-cadherin
    Positive 56 31 25 0.023
    Negative 66 23 43
β-catenin
    Positive 51 17 34 0.039
    Negative 71 37 34
Vimentin
    Positive 48 15 33 0.002
    Negative 74 39 35

fin-embedded colorectal cancer 
specimens. Briefly, 4 μm thick sec-
tions were deparaffinized with xyle- 
ne, then were incubated with 0.3% 
hydrogen peroxide for 30 min to 
block the endogenous peroxidases. 
After treatment with normal goat 
serum for 1 h to block nonspecific 
binding, primary antibodies against 
NEDD9 (1:100, ab75769, Abcam, 
Cambridge, MA, USA), E-cadherin 
(1:200, sc-8426, Santa Cruz, Santa 
Cruz, CA, USA), β-catenin (1:100, sc- 
7199, Santa Cruz) and vimentin 
(1:100, sc-32322, Santa Cruz) we- 
re added and incubated overnight 
at 4°C. Specified proteins were de- 
tected using a HRP Envision System 
kit (Dako, Gene Co. Ltd., Shanghai, 
China), and then were counter-
stained with hematoxylin. For the 
negative controls, the primary anti-
bodies were replaced by mouse or 
rabbit IgG (Santa Cruz).

Immunostaining was blindly evalu-
ated by two independent patholo-
gists. The percentage of NEDD9-
positive cells was determined with 
a scale of 0 to 3: 0 for 0%, 1 for 
1-33%, 2 for 34-66%, and 3 for 67- 
100%. The intensity of NEDD9 sta- 
ining was scored from 0 to 3: 0 for 
no staining, 1 for weak staining, 2 
for moderate staining, and 3 for 
strong staining. NEDD9 immunos-
taining results were scored by mul-
tiplying the percentage of positive 
cells by their intensity and expres-
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t-test or one-way ANOVA with post hoc multiple 
comparisons. Statistical significance was defin- 
ed as P ≤ 0.05.

Results

NEDD9 mRNA expression was elevated in 
colorectal cancer tissues

The mRNA level of NEDD9 was determined by 
real-time quantitative RT-PCR assays in 63 
paired cancerous and matched adjacent non-
cancerous tissues. The expression levels of 
NEDD9 mRNA were significantly higher in 
colorectal cancer tissues than in adjacent non-
cancerous tissues (2.412 ± 0.498 vs. 1.128 ± 
0.357; P < 0.001; Figure 1). Thus, NEDD9 may 
play important roles in the progression of 
colorectal cancer. 

Correlation of NEDD9 expression with clinico-
pathological features in colorectal cancer

In order to examine the clinical importance of 
NEDD9 overexpression in colorectal cancer, 
the correlation between clinicopathological sta-
tus of colorectoral tumors and levels of NEDD9 
was evaluated. A significant positive associa-
tion between the expression levels of NEDD9 
and tumor differentiation or TNM stage was 

identified. A trend was also evident between 
lymph vascular invasion and NEDD9 levels 
although it did not reach statistical significance. 
No significant correlation was found between 
NEDD9 levels with other clinicopathological 
features of colorectal cancers (Table 1).

Immunohistochemical results for NEDD9 
and EMT markers in colorectal cancer tissue 
samples

Representative immunohistochemical staining 
patterns observed for NEDD9 and three EMT 
marker proteins were shown in Figure 2. 
Different levels of positive staining for NEDD9 
were observed mainly in the cytoplasm and 
membrane of cancer cells from colorectal can-
cer tissue samples. High NEDD9 expression 
was noted in 68/122 (55.7%) of colorectal can-
cer tissue samples and in 19/122 (15.6%) of 
adjacent matched noncancerous tissue sam-
ples (P < 0.001). 

The levels of NEDD9 were inversely correlated 
with epithelial marker E-cadherin (P = 0.023) 
but positively correlated with both nuclear 
β-catenin (P = 0.039) and vimentin (P = 0.002) 
levels of colorectal cancer (Table 2). 

Discussion

Colorectal cancer is one of the most common 
causes of cancer death worldwide [26]. Alth- 
ough several treatment modalities have been 
developed, the clinical outcome of prognosis 
continues to be poor in patients with advanced 
colorectal cancer [27]. Metastasis of colorectal 
cancer cells to vital organs is responsible for 
the majority of cancer deaths. Therefore, it is of 
great interest to identify valuable biomarkers 
for early diagnosis of patients with a high risk of 
metastasis, prognosis, and novel therapeutic 
strategies.

NEDD9 is expressed in different tissues and 
play important roles in development, metabo-
lism, and aging [6]. Moreover, some research-
ers have shown that NEDD9 might also play a 
role in human carcinogenesis [7-20]. Research 
suggested that NEDD9 was overexpressed in 
colorectal cancer [20]. Our data showed that 
the expression of NEDD9 was markedly incre- 
ased in colorectal cancer tissues compared 
with adjacent noncancerous tissues, consis-
tent with the preliminary studies.

Figure 1. Relative expression of NEDD9 mRNA in 
colorectal cancer tissues compared to noncancerous 
tissues. The gene expression of NEDD9 in colorec-
tal cancer tissues was significantly higher (2.35 ± 
0.87) than in noncancerous tissues (1.18 ± 0.53; P 
< 0.001).

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4063112/table/T1/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4097234/#b1
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4097234/#b2
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3386178/#pone.0039937-Feuerborn1#pone.0039937-Feuerborn1
http://www.wjgnet.com/1007-9327/full/v18/i45/6597.htm#B17#B17
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Since Greenburg and Hay first proposed EMT in 
1982 [28], accumulating evidence confirmed 
EMT as a pivotal mechanism contributing to 
cancer invasion and metastasis. In the progres-
sion of malignancy, EMT enabled carcinoma 
cells to lose their epithelial adherence, undergo 
cytoskeleton remodeling, facilitate their detach-
ing from the tumor mass, migrate to distant tis-
sue sites, and eventually form metastatic tumor 
masses. NEDD9 overexpression was associat-
ed with a more aggressive phenotype and con-
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Figure 2. Representative immunohistochemical images of NEDD9 and EMT 
markers. A. High NEDD9 expression in colorectal cancer tissues; B. Negative 
NEDD9 expression in adjacent noncancerous tissues; C. Loss of epithelial 
marker E-cadherin in colorectal cancer tissue samples; D. Positive expres-
sion of E-cadherin in colorectal cancer tissue samples; E. β-catenin expres-
sion in colorectal cancer tissues; F. Negative β-catenin expression in adja-
cent noncancerous tissues; G. Acquisition of expression of the mesenchymal 
marker vimentin in colorectal cancer cells; H. Vimentin expression was ab-
sent in colorectal cancer cells.

tributes to migration and inva-
sion through EMT in breast 
cancer [8] and lung cancer 
[29]. In the present study, we 
present several lines of evi-
dence showing that NEDD9 is 
involved in EMT. Immunohi- 
stchemical analysis showed 
that positive expression of 
NEDD9 was strongly associat-
ed with loss of the epithelial 
marker E-cadherin and acqui-
sition of the expression of the 
mesenchymal markers nucle-
ar β-catenin and vimentin, 
which was in line with other 
studies showing, that NEDD9 
overexpression may be asso-
ciated with tumor invasive-
ness [7-20, 29]. Our data also 
showed that NEDD9 was sig-
nificantly correlated with tu- 
mor differentiation and TNM 
stage, which were characteris-
tic of tumor invasiveness and 
metastatic potential as well as 
independent prognostic fac-
tors for survival [29, 30]. 

In conclusion, NEDD9 was ov- 
erexpressed in colorectal can-
cers and associated with tu- 
mor differentiation, TNM sta- 
ge, and EMT marker changes 
in colorectal cancer, indicating 
that NEDD9 could be a novel 
prognostic factor and poten-
tial therapeutic target for 
colorectal cancers.
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