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High expression of NEDD9 predicts adverse outcomes
of colorectal cancer patients
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Abstract: NEDD9, a member of Crk-associated substrate (CAS) family, is highly expressed in multiple cancer types
and involved cancer cell adhesion, migration, invasion. The prognostic value of NEDD9 has not been evaluated
before. The aim of this study was to evaluate the association between NEDD9 expression and survival in colorectal
cancer (CRC) patients. NEDD9 expression was analyzed by immunohistochemistry in 92 patients with CRC. Patients
were followed-up annually by telephone or at outpatient clinic. The results revealed that high expression of NEDD9
in 68/92 CRC samples, compared with 12/92 normal tissues (P<0.01). Correlation analysis showed high level of
expression of NEDD9 was significantly correlated with advanced TNM stage (P=0.014), pT grade (P=0.009), pN
(P=0.013) and pM status (P=0.047). Patients with a higher NEDD9 expression had a significantly shorter overall
survival (0S) (P<0.01). The multivariate analysis revealed that NEDD9 expression could serve as an independent
predictive factor of OS. Our finding demonstrated the potential value of NEDD9 expression level as a prognostic

molecular marker and a target for new therapies for CRC patients.
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Introduction

NEDD9, also called HEF1 and Cas-L, initially
identified in neuronal precursor cells in 1992,
was down-regulated during the development of
early embryonic mouse central nervous system
[1]. NEDD9 protein belonging to a member of
Crk-associated substrate (CAS) family, is also
an integral player in pathological cell biology. In
the past several years, studies have identified
elevated scaffolding protein NEDD9 has eme-
rged as contributing to cancer metastasis in
multiple cancer types, such as breast cancer,
melanoma, glioblastoma, head and neck squa-
mous cell carcinoma (HNSCC), lung cancer,
liver cancer, and cervical cancer [2-10]. Al-
though the mechanisms have not been fully
elucidated, it is believed that NEDD9 regulates
cell adhesion, migration, invasion, and epitheli-
al-mesenchymal transition (EMT) [11-14]. Hen-
ce NEDD9 was identified as a metastasis mark-
er in cancer patients.

The prognostic role of NEDD9 has been eluci-
dated in some cancers. In non-small cell lung

cancer, NEDD9 expression strongly correlates
with recurrence-free survival or overall survival
of the patients with NSCLC. And results suggest
that NEDD9 is a useful biomarker for the prog-
nosis of NSCLC [15]. Although highly expressed
in colorectal cancer, the prognostic value of
NEDD?9 has not been evaluated before. Hereby,
in this study, we showed the expression of
NEDD9 in colorectal cancer and the relation-
ship between the pathological characteristics
and prognosis.

Materials and methods
Clinical specimens and patient data

92 colorectal cancer of different stages
between January 2007 and June 2008 were
collected from the tumor database of general
surgery department in our hospital. And the tis-
sue samples used in this study were collected
from the tissue bank of general surgery depart-
ment. Tissue samples were routinely fixed in
10% buffered neutral formalin. Cancer tissues
were cut in wedge shapes and normal tissues
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Table 1. Demographic and clinicopathological
parameters of CRC patients

Parameters Number (%)
Age (years)
<60 38 (41.3%)
>60 54 (58.7%)
Gender
Male 52 (56.5%)
Female 40 (43.5%)

Histological type
Tubular adenocarcinoma
Mucinous adenocarcinoma

77 (83.7%)
12 (13.0%)

Papillary adenocarcinoma 3(3.3%)
Tumor site
Rectum and sigmoid 57 (62.0%)

Right colon 26 (28.3%)

Left colon 9 (9.7%)
TNM stage

| 15 (16.3%)

Il 30 (32.6%)

1 37 (40.2%)

\% 10 (10.9%)
pT

T1 8 (8.7%)

T2 15 (16.3%)

T3 32 (34.8%)

T4 37 (40.2%)
pN

NO 45 (48.9%)

N1 28 (30.4%)

N2 19 (20.7%)
pM

MO 82 (89.1%)

M1 10 (10.9%)

were cut at least 5 cm away from tumor margin.
All of the CRC patients were clinically and
pathologically proven, without having received
preoperative chemotherapy or radiotherapy. All
specimens were collected with the informed
consents of the patients and the protocols
used in the study were approved by the Ethical
Committee of Qingdao Municipal Hospital. TNM
staging and clinicopathologic classification
were determined according to the National
Comprehensive Cancer Network (NCCN) clas-
sification. Demographic and clinicopathological
parameters were prospectively recorded by
chart review. Patients were followed-up annu-
ally by telephone or at outpatient clinic till June,
2013 or death.
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Immunohistochemistry and scoring

Before staining, paraffin embedded tissue
blocks were cut at 4 um thicknesses. Sections
were deparaffinized in the oven at 60°C for 2 h
and rehydrated by two and three changes of
xylene and ethanol, respectively. Antigen
retrieval was performed with microwave retriev-
al method; endogenous peroxidase activity was
quenched by incubation with 3% hydrogen per-
oxide for 10 minutes at room temperature.
Nonspecific binding was blocked by incubating
sections with 10% normal goat serum in PBS
for 30 minutes at room temperature. Without
washing, sections were incubated with rabbit
polyclonal antibody against human NEDD9
(1:1200; Abcam, Cambridge, MA, USA) at 4°C
overnight, followed by incubation with horse-
radish peroxidase (HRP)-conjugated secondary
goat anti-rabbit antibody (Abcam, San
Francisco, USA) for 1 h at room temperature.
Sections were then washed with PBS and treat-
ed with the Metal Enhanced DAB Substrate Kit
(Thermo Scientific, USA) to visualize the anti-
gen-antibody complex. Scoring of each section
was separately performed by two researchers
(Zhu and Zhou) who were unaware of clinico-
pathological status of the specimens. The per-
centage of stained cells on each section was
scored as: O (less than 5%), 1 (5%-25%), 2
(26%-50%), and 3 (>50%) accordingly. Staining
intensity was scored as: 0 (no staining), 1 (weak
staining), 2 (moderate staining), and 3 (strong
staining). The final score of each specimen was
calculated by multiplying stained cells score
with staining intensity score and thus ranged
from O to 9. Low NEDD9 expression was defined
as a final score of <4 and >4 as high NEDD9
expression.

Statistical analysis

All statistical analyses were carried out with the
SPSS 18.0 software (SPSS Inc., Chicago, USA).
Correlation between NEDD9 expression and
clinical parameters were analyzed using X? and
Fisher's exact tests. Overall survival was plot-
ted with the Kaplan-Meier method and differ-
ences of the high and low expression of NEDD9
cases were compared by log-rank test. Analyses
of prognostic factors for OS were determined
by univariate and multivariate Cox proportional
hazards regression method. P value<0.05 was
considered as statistically significant.
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Figure 1. Expression of NEDD9 by immunohistochemistry in clinical specimens. (A)x200: NEDD9 staining of normal
mucosa; (B)x200, (C)x200, (D)x200: NEDD9 staining in different stages of CRC tissues.

Results

NEDD?9 is highly expressed in colorectal can-
cer tissues

The clinicopathological characteristics of the
92 patients in this study are shown in Table 1.
The mean age of all patients was 62 (range,
23-82 years), and 40 patients were female. Of
all tumors, 77 cases were tubular adenocarci-
noma, 12 were mucinous ones, and 3 were
papillary adenocarcinoma; 57 tumors were
located in rectum and sigmoid, 26 in right
colon, and 9 in left colon. The numbers of |, II,
Ill, and IV stage cancer were 15, 30, 37, and 10,
respectively. The expression of NEDD9 in CRC
tissues and matched adjacent non-tumor tis-
sues were examined by immunohistochemistry.
High expression of NEDD9 was detected in
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68/92 CRC samples and 12/92 normal tissues
(P<0.01). NEDD9 was located predominantly
on cytoplasm and cancers of different stages
showed different staining intensities (Figure 1).

The correlation of NEDD9 with different clini-
copathologic parameters

We analyzed the correlation between NEDD9
expression level of CRC samples and a set of
clinicopathologic parameters, including age,
gender, histological type, tumor site, and TNM
stage (Table 2). High NEDD9 expression was
found to be significantly correlated with TNM
stage (P=0.014), pT grade (P=0.009), pN
(P=0.013) and pM status (P=0.047). Other
characteristics, like age (P=0.967), gender
(P=0.787), histological type (P=0.956), and
tumor site (P=0.857) were not associated with
NEDD?9 expression level.
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Table 2. Correlation of NEDD9 with different clinicopathologic

lung cancer [2-6, 8]. Currently, it

parameters is believed that NEDD9 protein
Parameters NEDD9 expression X?value P value is associated with migration,
Low High invasion and metastasis of can-

Age (years) <60 10 28 0002 0967  cercells [11-14]. Kim M deter-
60 14 40 mined that NEDD9 was identi-

fied a bona fide melanoma

Gender Male 13 39 0.073 0.787 metastasis gene. NEDD9 en-
Female 11 29 hanced invasion in vitro and

Histology Tubular 20 57 0.090 0.956 metastasis in vivo of both nor-
Mucinous 3 9 mal and transformed melano-

Papillary 1 2 cytes [5]. KONG C found that

Site Rectum & sigmoid 16 41 0.308 0.857 NEDD9 was overexpressed in
Right colon 6 20 human aggressive breast can-

Left colon 2 7 cers and promoted invasion in

TNM stage | 8 10.630 0.014 triple-negative breast cancer.
I 9 el Moreover, ectopic expression of

" 2 30 NEDD9 upregulated the expres-

sion of the EMT, and promoted

v 0 10 their interactions in vivo with the

pT mn 4 4 11.476  0.009 E-cadherin promoter [3]. In our
T2 8 7 study, we detected and com-

T3 7 25 pared the NEDD9 expression by

T4 5 32 immunohistochemical analysis

pN NO 17 28 8.628 0.013 in 92 colorectal cancer samples
N1 5 23 and 92 adjacent normal tissues.

N2 1 18 Our results revealed that NEDD9

pM MO 16 M 0.308 0.047 protein was high expressed in
M1 0 10 most colorectal carcinoma tis-

Correlation between NEDD9 expression levels
and patient overall survival

The 5-year overall survival indicated by Kaplan-
Meier survival curve of low and high NEDD9
expression was shown in Figure 2. Patients
with low NEDD9 had a longer OS compared
with patients showing high expression (P<0.01);
the 5-year OS for low and high NEDD9 expres-
sion patients were 62.5% and 35.3%.
Furthermore, univariate analysis and multivari-
ate analysis indicate that both advanced clini-
cal stage and high NEDD9 expression indepen-
dently predict poor prognosis of CRC (Table 3).

Discussion

NEDD9 is a focal adhesion scaffolding protein
related to p130CAS (Crk-associated substrate).
Despite the reports of its initial functional anal-
ysis is in 1996 [16, 17]. Up to now, NEDD9 was
found to participate in cancer metastasis in
breast cancer, melanoma, glioblastoma and
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sues compared with normal tis-
sues. Our results were similar to
those reported by Kong C et al [3] in breast can-
cer and by Kim M et al [5] in melanoma and
suggested that high expression of NEDD9 may
involve in progression and metastasis of
colorectal cancer.

The tumor of invasion and metastasis is a com-
plex continuous process. the mechanism of
NEDD?9 in it is still not clear, may be through the
phosphorylation of FAK with SRC and EMT joint
action. FAK is one of the most important asso-
ciated proteins of NEDD9 especially in the focal
adhesion [15]. Studies found that the interac-
tion between NEDD9 and focal adhesion kinase
(FAK) for cell migration and invasion is very
important [18]. Natarajan M et al thought that
NEDD9 acted as specific downstream effectors
of FAK that promoted glioblastoma cell migra-
tion and invasion [5]. Sima found overexpressed
NEDD9 promotes migration and invasion in cer-
vical carcinoma cells, probably via a positive
feedback loop of tyrosine phosphorylation
between NEDD9 and FAK or SRC [10]. Currently,
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The prognostic value of
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Figure 2. Overall survival analysis between patients with low and high NEDD9 ex- of NSCLCs [15]. Consis-

pression (P<0.01).

Table 3. Univariate and multivariate analysis of clinicopathologic param-
eters with OS by Cox proportional hazards regression

tently, we found for the
first time that the CRC
patients with a high ex-
pression were associated
with a shorter OS; further-

Factors Univariate Multivariate more, both univariate and

OR 95% Cl P OR 95% Cl P multivariate Cox propor-
0S tional hazards regression
Age 1.003 0.968-1.021 0.838 revealed that high NEDD9
Gender 1322 0.974-1.033 0.326 expression was an inde-
Histology ~ 1.435 0.590-3.490 0.98 pendent poor prognostic
Site 0730 0.387-1.376 0.330 factor. Thus, it's worthy to

TNMstage 1.504 1.033-1.376 0.044 1472 1.018-2.130 0.040
NEDD9 2191 1.020-4.708 0.033 2.435 1.120-5.295 0.025

further detect its value as
a prognosis marker for

the consensus by many groups suggests a
mechanism in which cell attachment triggers
the interaction of FAK, NEDD9, and SRC: over-
expression of one of these proteins can also
propel complex formation. These interactions
lead to extensive tyrosine phosphorylation of
NEDD9, creating binding sites for effector pro-
teins with SH2 domains. Tumor invasiveness
often requires EMT, during which cells lose lat-
eral attachments and become more motile.
One stamp of EMT is downregulation of the cell-
cell adhesion protein E-cadherin, resulting in
instability of the adherens junctions (AJs) that
connect cells [19], but also revealed the role of
NEDD?9 in the EMT [14]. Nadezhda established
that NEDD9 through SRC kinase promoted
E-cadherin removal from cell junctions and its
lysosomal degradation in mammalian cells [4].
Consequently, we found that NEDD9 was highly
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the benefits of CRC pa-
tients.

Conclusively, the findings in this study showed
NEDD9 was associated with poor prognosis of
CRC patients. Based on our results, NEDD9
might serve as a prognosis marker for CRC
patients with high levels of NEDD9. The practi-
cal value of this new biomarker and its underly-
ing mechanisms in regulation of colorectal can-
cer progression require further evaluation.
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