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Overexpression of NEDD9 in renal cell carcinoma is
associated with tumor migration and invasion
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Abstract. Scaffold protein neural precursor cell expressed,
developmentally downregulated 9 (NEDD9) is a member of
the Crk-associated substrate protein family and is known to
be a biomarker in multiple cancer types. It serves a critical
function in regulating cell proliferation, migration, invasion
and survival. The objective of this study was to evaluate the
potential effects of NEDD9 in renal cell carcinoma (RCC). The
expression of NEDD9 was analyzed by immunohistochem-
istry, western blotting and reverse transcription-quantitative
polymerase chain reaction. NEDDO protein and mRNA levels
were significantly upregulated in RCC tissues compared with
normal tissues (P<0.001). Furthermore, the NEDD9 immu-
nostaining level was significantly associated with primary
tumor stage and tumor, node, metastasis stage (P<0.05). High
NEDD?9 expression resulted in significantly lower survival
rates for patients compared with normal NEDD9 expression
(P<0.01). In addition, wound healing and transwell assays
indicated that NEDD9 depletion by small interfering RNA
significantly attenuated the migration and invasion of RCC
cells (P<0.001). The present data suggested that NEDD9 may
be a novel target for prevention and treatment of RCC metas-
tasis and recurrence.

Introduction
Kidney tumor is one of the most common causes of

cancer-related cases of mortality, with >270,000 people
expected to be diagnosed with kidney cancer every year (1).
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According to global cancer statistics in 2013, RCC is the
most prevalent subtype of kidney cancer, accounting for
approximately 80-90% of cases, and a continued increase
in the incidence of RCC has been reported (1,2). Although
surgical excision remains the curative treatment when RCC
has not metastasized, a large proportion of patients will
relapse or develop metastatic disease (3). However, treatment
options for renal cancer are limited since it responds poorly to
chemotherapy and radiotherapy (4). Therefore, understanding
the molecular mechanisms of RCC cell invasion and metastasis
is imperative for early diagnosis and treatment of RCC.

NEDD?9 was first identified in neuronal precursor cells as
a downregulated gene during the development of the mouse
central nervous system. It belongs to the Crk-associated
substrate family, which is essential for pro-metastasis behavior
in several types of solid tumor (5). Growing evidence has iden-
tified NEDD9 as a tumor-promoting factor in melanomas (6),
glioblastomas (7), breast carcinoma (8,9), colorectal cancer
and lung cancers (10). It serves a critical function in regulating
cell proliferation, migration, invasion and survival (11,12).
Silencing of NEDD9 in vivo significantly reduced tumor
progression in NEDD9(-/-) mice (13). Furthermore, a recent
study indicated that miR-145 may exhibit tumor suppressive
functions through regulating NEDD9 oncogenic genes in
RCC (12). However, the expression and biological function of
NEDD? in RCC remains largely unknown.

In a previous study by the current group, it was reported
that NEDD9 is overexpressed in RCC (11). In the present
study, NEDD9 expression was evaluated in a large cohort of
patients with RCC, and its clinical and biological significance
was analyzed in a retrospective manner.

Materials and methods

Clinical RCC specimens and RCC cell lines. The present
study recruited a total of 68 pathologically confirmed patients
with RCC who underwent complete resection of the metastatic
lesions and 6 normal renal tissues were from the tumor bearing
kidneys, between January 2013 and December 2015 at the
Department of Urology, the Second Hospital and Qilu Hospital
of Shandong University (Jinan, China). Follow-up information
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was obtained from a review of the patients' medical records.
All patients had no preoperative radiotherapy, chemotherapy
or immunotherapy. A total of 20 pairs of fresh clear cell RCC
(ccRCC) tissues and matched normal renal tissues were also
stored at -80°C immediately after resection for protein extrac-
tion and reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) analysis. Detailed clinicopathological
information of the patients is listed in Table I. For all samples,
pathologic tumor stage, N stage, TNM stage, histological grade
and renal vein invasion were reevaluated and determined
according to the tumor node metastasis staging system (14).
The study was reviewed and approved by the Ethical
Committee of the Second Hospital of Shandong University.
Written informed consent was provided by all patients for the
use of their samples and data in the study.

Human RCC cell lines 786-0O and Cakil were purchased
from the American Type Culture Collection (Manassas, VA,
USA). The cells were cultured at 37°C in RPMI 1640 medium
containing 10% fetal bovine serum (FBS; Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA), 100 U/ml peni-
cillin (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany),
and 100 pg/ml streptomycin (Sigma-Aldrich; Merck KGaA).

RNA preparation and RT-gPCR. Total RNA was extracted
from frozen ccRCC tissues using a commercial guanidinium
isothiocyanate-based kit (Buffer RZ, Tiangen Biotech Co.,
Ltd., Beijing, China), following the manufacturer's protocol.
The amount of RNA in the sample was quantified spectropho-
tometrically at a 260 nm wavelength. First strand cDNA was
synthesized using 2 pg total RNA and M-MLV retroviridase
(Takara Bio, Inc., Otsu, Japan) at 37°C for 15 min, then 85°C
for 5 sec. Oligonucleotide primers were synthesized by Sangon
BiotechCo.,Ltd.(Shanghai,China). Primer sequences used were
as follows: NEDDO forward,5-GGGTAAAAAGGTGATAAC
CCCCGT-3' and reverse, 5-TGCTGATGAGGGAGGGAT
GTCGT-3"; B-actin forward, 5S"TCCATCATGAAGTGTGA
CGT-3' and reverse, 5'-GAGCAATGATCTTGATCTTCAT-3'.
gPCR was performed in the ABI PRISM 7500 Sequence
Detection system (Applied Biosystems; Thermo Fisher
Scientific, Inc.) using SYBR® Fast qPCR Mix (Takara Bio,
Inc.). Relative expression level was determined using the 2-44¢4
method (15). NEDDO expression in cell lines were evaluated
by semi-quantitative PCR, with f-actin used as the control.
The reaction conditions were as follows: 95°C for 30 sec, 64°C
for 25 sec and 72°C for 30 sec, for a total of 35 cycles. Agarose
gel electrophoresis was performed after the reaction, and the
products were observed using an ultraviolet imaging system.
The experiments were performed in triplicate.

Immunohistochemistry. Immunohistochemistry assay were
performed on tissues collected from 68 pathologically
confirmed patients with RCC and 6 normal renal tissues.
Immunohistochemistry experiments were performed as
described previously (11). In brief, representative samples were
placed into 4% paraformaldehyde overnight and then 5-mm
paraffin sections were prepared for the experiments. Sections
were deparaffinized in xylene, rehydrated which was hydrate
by placing in 95, 70, 50 and 30% ethanol for 2 min each, and
endogenous peroxidase activity was quenched by 3% hydrogen
peroxide in methanol. The sections were submerged in 10 mM
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citrate buffer (pH 6.0) and microwaved for 8-15 min for
antigen retrieval. Non-specific binding was blocked by incu-
bation with normal goat serum (Beijing Zhongshan Golden
Bridge Biotechnology Co., Ltd., Beijing, China) for 1 h at
room temperature, and the slides were incubated with NEDD9
rabbit monoclonal primary antibodies (cat. no. ab37161;
1:200; Abcam, Cambridge, MA, USA) at 4°C overnight.
After washing, sections were incubated with horseradish
peroxidase-conjugated goat anti-rabbit IgG at room tempera-
ture for 1 h (cat. no. SPN-9001; 1:50; Beijing Zhongshan
Golden Bridge Biotechnology Co., Ltd.). Color was developed
with the DAB Horseradish Peroxidase Color Development kit
and imaged using bright field light microscopy.

IHC evaluation. Slides were evaluated by two independent
pathologists without any prior information of the clinico-
pathological variables and survival data. NEDD9 expression
was scored using a reproducible semiquantitative method
considering staining intensity (0, no staining of the tumor
cells; 1, light yellow staining; 2, moderate to deep yellow
staining; and 3, brown staining) and the percentage of positive
staining (0, 0-5%; 1, 6-25%; 2, 26-50%; 3, 51-75%; and 4,
>76%). Conflicting scores were resolved by consensus. Cases
with combined scores of 0-4 were defined as the low-expres-
sion group, and cases with scores of 5-7 were defined as the
high-expression group.

NEDD9 small interfering (si)RNA transfection. NEDD9 small
interfering (si)RNA transfection was performed on 786-O and
Cakil cells. Knockdown of NEDD9 expression was performed
by RNA interference using specific siRNA oligonucleotides.
The target sequence was: 5'-UCCCAUGCAGGAGACUGC
CUCCAGU-3". The chemically modified siRNAs targeting
NEDD? and scramble siRNA were purchased from Invitrogen
(Thermo Fisher Scientific, Inc.). Cells were transfected with
either NEDD9 or control siRNA with a concentration of
100 nM using Lipofectamine RNAiMAX reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), following the manufac-
turer's protocol. All experiments were performed 72 h after
transfection.

Western blot analysis. Western blot analysis was performed as
described previously (11). Total proteins extracted from frozen
tissues and cells lines transfected for 72 h and then incubated
with RIPA lysis buffer (DBI Bioscience, Shanghai, China),
following the manufacturer's protocol. After protein quantita-
tion using a BCA Protein Quantitative kit (DBI Bioscience),
100 ug protein per lane were separated by SDS-PAGE (10%
gel) and blotted onto polyvinylidene difluoride membranes.
The membranes were blocked with 5% skim milk and then
incubated overnight at 4°C with anti-NEDD9 (1:1,000; cat.
no. ab37161; Abcam) or anti-tubulin (cat. no. sc-8035; 1:1,000;
Santa Cruz Biotechnologies, Inc., Dallas, TX, USA), followed
by incubation with horseradish peroxidase-conjugated IgG
goat anti-rabbit H&L; (cat. no. ab97051; 1:2,000; Abcam) and
goat anti-mouse IgG H&L (cat. no. ab6708; 1:2,000; Abcam) at
room temperature for 1 h. An enhanced chemiluminescence kit
(Merck KGaA) was used for detection using FluorChem™ Q
software (version 3.4.0.0; Protein Simple, San Jose, CA, USA).
The experiments were performed in triplicate.
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Table I. Association between NEDD9Y expression and clinicopathological factors in renal cell carcinoma.
Clinicopathological Overexpressing
factor n NEDD9, n (%) P-value
Age (years) 0.495
>60 35 24 (68.57)
<60 33 20 (60.61)
Sex 0.701
Male 52 33 (63.46)
Female 16 11 (68.75)
T stage 0.011
T, 23 11 (47.82)
T, 15 8(53.33)
T, 21 18 (85.71)
T, 9 7(77.78)
N stage 0414
N, 56 35 (62.50)
Ni, 12 9 (75)
TNM stage 0.045
LI 53 31(58.49)
1L, 1Iv 15 13 (86.67)
Histological grade 0.406
G, 33 23 (69.70)
Gs, 35 21 (60)
Renal vein invasion 0.147
Yes 11 5(4545)
No 57 39 (68.42)

NEDDO, neural precursor cell expressed, developmentally downregulated 9; TNM, tumor, node and metastasis.

Cell migration and invasion assay. The cell migration assay
was performed using a 24-well transwell chamber with a pore
size of 8 ym. In brief, 1x10* cells were seeded in the upper cham-
bers in 200 ul serum-free Dulbecco's modified Eagle's medium
(DMEM; Corning Inc., Corning, NY, USA), and 750 ul of
10% FBS-DMEM (Invitrogen; Thermo Fisher Scientific, Inc.)
was added into the lower wells. After 24 h at 37°C, cells that
had migrated to the bottom of the membrane were fixed and
stained with 0.1% crystal violet in methanol in 15 min at room
temperature. To quantify the cells, three independent fields per
well were photographed under phase contrast microscopy. The
number of cells per field were counted and averaged. For the
cell invasion assay, the insert of the pore was coated with 50 pl
Matrigel (dilution at 1:2; BD Biosciences, Franklin Lakes, NJ,
USA). All experiments were performed in triplicate.

Wound healing assay. A scratch wound-healing assay was
performed to determine cell migration. Cells were seeded
(5x10°) into 6-well plates the day before siRNA transfection. At
24 h after transfection, wounds were prepared using a 200 yul
pipette tip scratched through the wells. The cell migration
speed was calculated by measuring the distance migrated in
24 h. Images were obtained using a phase-contrast microscope
at different time points (0 and 24 h) after scratch. All experi-
ments were performed in triplicate.

Statistical analysis. Data are presented as the mean + standard
error of the mean. All statistical calculations were performed
using SPSS 18 statistical software (SPSS, Inc., Chicago, IL,
USA). The relative NEDD9 expression level in the matched
tumor and normal renal tissues was calculated using a
paired t-test. The Chi-square test was used to evaluate the
association between NEDD9 expression profiles and clinico-
pathological factors. Survival analysis was performed using
the Kaplan-Meier method and compared using the log-rank
test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Expression of NEDD9 in clinical RCC samples. To investigate
the abnormalities of NEDD9 expression in RCC, NEDD9
expression was analyzed in 68 RCC tissues and 6 normal
tissues using immunohistochemistry (Fig. 1). It was identified
that NEDD9 protein was expressed in all RCC tissues RCC
tissues and NEDD?9 protein was highly expressed in 44 out of
the 68 (64.71%) NEDD9-positive patients with RCC, whereas
normal renal tissues were 83.33% (5 of 6) negative, with a
small number of samples exhibiting very low NEDD9 expres-
sion in the cytoplasmic region. These observations suggested
that NEDDO expression may be associated with RCC.
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Figure 1. Immunohistochemical staining of NEDD?9 protein in RCC samples. (A) Low NEDD9 expression in RCC tissues. (B) Moderate expression of NEDD9
in RCC tissues. (C) Strong expression of NEDD9 in RCC tissues. (D) Very low NEDD?9 expression in normal renal tissue. RCC, renal cell carcinoma; NEDD9,

neural precursor cell expressed, developmentally downregulated 9.

Association between NEDD9 expression levels and patient
survival. The association between aberrant NEDD9 expres-
sion and clinicopathological factors was investigated. It was
identified that the NEDD9 staining level was significantly
associated with pathological tumor stage (P=0.011; Table I)
and advanced clinical TNM stage (P=0.045). No significant
associations were observed between NEDD9 expression and
patient sex, age or histological type (Table I). The log-rank
test revealed that the survival time of patients with RCC
overexpressing NEDDO (37.5+6.49 months) was significantly
shorter compared with patients with normal NEDDO expres-
sion (57.67+7.24 months; P=0.0068; Fig. 2).

Increased NEDD9 expression in RCC tissues. NEDD9
protein expression level was examined using western blotting
in 20 pairs of frozen clinical ccRCC samples and matched
normal renal tissues. NEDD9 expression was significantly
higher in ccRCC tissues compared with matched normal renal
tissues (P<0.001; Fig. 3A and B). Consistent with the NEDD9
protein expression profile, in ccRCC tissues, NEDD9 mRNA
level was also significantly elevated, as detected by RT-qPCR
analysis (P<0.001; Fig. 3C). The results indicated that NEDD9
is overexpressed in RCC specimens.

NEDD9Y knockdown suppresses cell migration and invasion.
First, it was demonstrated that NEDD9 siRNA could reduce
NEDD9 mRNA and protein expression in different RCC cell
lines (Fig. 4A and B). Next, transwell assays were performed
to investigate whether migration and invasion of RCC cells
would be attenuated by reduction of NEDD9 expression
after transfection with NEDD9 siRNA. The results indicated
that NEDD9 siRNA significantly reduced the migratory and
invasive capability of 786-O and Cakil RCC cells (P<0.0001;
Fig. 4C-F). In addition, a wound healing assay indicated that
the migratory capacity of NEDD9 siRNA-treated cells was
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Figure 2. Kaplan-Meier analysis of cancer-specific survival according to
NEDDO expression in patients with renal cell carcinoma (n=68). Patients
with moderate to strong NEDD9 expression had a shorter survival time
compared with patients with normal NEDD9 expression (24 patients
exhibited normal expression and 44 patients exhibited overexpression in the
68 patient samples; P=0.0068). NEDD9Y, neural precursor cell expressed,
developmentally downregulated 9.

significantly decreased at 24 h after scratch (ratios of wound
closure: Scramble vs. NEDD9 siRNA, 786-0: 0.633+0.043
vs. 0.200+0.032, P<0.001; Cakil: 0.850+0.022 vs. 0.24+0.013,
P<0.001; Fig. 4G and H).

Discussion

RCC is the most common carcinoma of the adult kidney and the
incidence of RCC has gradually increased in recent decades (1).
Therefore, understanding the pathological mechanisms of
RCC and identifying treatment targets is crucial. Previous
studies have implicated NEDD9 as a central component of
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Figure 3. NEDD9 expression profiles in 20 pairs of ccRCC tissue and matched normal renal tissue. (A) Western blot analyses from 6 representative pairs of
matched ccRCC and normal renal tissues. (B) Relative NEDD9 protein levels, as determined by western blot analyses. (C) Relative NEDD9 mRNA levels,
as determined by reverse transcription-quantitative polymerase chain reaction. ““P<0.001 vs. NT. NEDDY, neural precursor cell expressed, developmentally
downregulated 9; NT, normal tissue; RCC, renal cell carcinoma; ccRCC, clear cell RCC.
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Figure 4. Effects of NEDD9 knockdown on cell migration and invasion. (A) Effects on NEDD9 mRNA expression after siRNA transfection for 48 h, as
detected by reverse transcription semi-quantitative-polymerase chain reaction. (B) Effects on NEDD9 protein expression after siRNA transfection for 72 h,
as detected by western blot analysis. (C and D) Migration capacity of RCC cells was examined by transwell assay. (E and F) Invasion capacity of RCC cells
was examined by Matrigel invasion assay. (G and H) Migration capacity of RCC cells was examined by wound healing assay. Data are presented as the
mean = standard error of the mean (n=3). ““P<0.001 vs. control siRNA. NEDDY, neural precursor cell expressed, developmentally downregulated 9; siRNA,
small interfering RNA; RCC, renal cell carcinoma.
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integrin-dependent signaling cascades, which were identified
to be activate the focal adhesion and Src kinases. NEDD9
thereby regulates activation of Src kinases and exhibits diverse
functions, including apoptosis and cell cycle regulation, migra-
tion, adhesion, invasion and chemotaxis (16-18). Several studies
have revealed aberrant expression of NEDD9 in various types
of tumor, including colorectal cancer, gastric carcinoma, lung
carcinoma and pancreatic carcinoma (12,19,20). To the best
of our knowledge, there are few studies focused on the role of
NEDD?9 in RCC, and the correlation of NEDD9 expression
with the clinicopathological factors of RCC have not been
determined.

The current study demonstrated that NEDD9 overex-
pression widely occurs in kidney cancer. The subcellular
localization of endogenous NEDDO9 in RCC tissues was
evaluated by immunohistochemical staining. This indicated
an intense staining of NEDD9 in 64.71% of RCC tissues.
Statistical analysis of the clinicopathological features of
patients with RCC in our study revealed that there was a signif-
icant association between NEDD9 overexpression and certain
clinicopathological factors, such as primary tumor stage and
tumor, node and metastasis stage. Furthermore, a high level
of NEDDO expression was significantly associated with the
aggressive characteristics of RCC, such as pathological tumor
stage and TNM stage. These observations are consistent with
Shi et al (21), who reported that high NEDD9 expression
exhibited a significant association with poor prognosis for
gastric cancer patients. In addition, in the present study, three-
to four-fold higher levels of expression of NEDD9 protein
and mRNA were observed in tumor tissues compared with
matched normal renal tissues in 20 paired RCC samples. These
findings indicated that the upregulation of NEDD9Y protein is
involved in the progression and metastasis of RCC. To the best
of our knowledge, this demonstrates the clinical and biological
significance of NEDD9 in RCC for the first time.

Tumor metastasis caused by tumor cell invasion or metas-
tasis is critical for cancer patient survival and it may reduce
patient survival (22). The migration ability of tumor cells
is believed to be the rate-limiting step in tumor metastasis;
the migration of the tumor cell from the primary site to the
surrounding tissue through the basement membrane is an
important invasion function (23,24). Recently, Feng et al (25)
reported that NEDD9 depletion reduced the Matrigel invasion
of gastric SGC-7901 and GES-1 cells. In the present study,
a significant reduction in cell migration and invasion was
observed in RCC cell lines. These results may explain the
current findings that NEDD9 overexpression was the major
defining characteristic of RCC tumors and was associated with
numerous clinicopathological factors.

In conclusion, the present study has demonstrated that
NEDD?Y is upregulated in RCC, and high NEDD9 expres-
sion is associated with poor survival of patients with RCC.
Inhibition of NEDD9Y expression leads to attenuated migration
and invasion ability. Therefore, NEDD9 may be a novel target
for prevention and treatment of RCC.
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