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Abstract. Neural precursor cell‑expressed, developmen-
tally‑downregulated 9 (NEDD9) is a multi‑domain skeleton 
protein that serves an important role in the cell signaling 
process via modulating invasion, metastasis, proliferation 
and apoptosis of tumor cells. The present study identified 
that the expression levels of NEDD9 in colorectal cancer 
were elevated. Therefore, the effect of downregulating the 
expression of NEDD9 in terms of invasion and migration of 
colorectal cancer cells was investigated and the role of the 
JNK pathway in these processes was also investigated. The 
data revealed that downregulation of NEDD9 and JNK inhibi-
tors suppressed invasion and migration, decreased expression 
levels of phosphorylated JNK, increased the expression levels 
of E‑cadherin and decreased the expression levels of vimentin. 
In summary, NEDD9 promotes invasion and migration of 
colorectal cancer cells via the JNK pathway.

Introduction

Colorectal cancer (CRC) is a common malignant disease that 
occurs worldwide and is one of the leading causes of cancer‑asso-
ciated mortality in humans (1,2). Although chemotherapeutic 
and surgical treatments have improved the 5‑year survival rate, 

>50% of patients present with metastasis at the time of diagnosis, 
a primary explanation for the high 5‑year mortality (3). It is diffi-
cult to cure patients with distant metastasis with CRC; therefore, 
it imperative to identify novel targeted therapy genes (3).

Neural precursor cell‑expressed, developmentally‑down-
regulated 9 (NEDD9), also called HEF1 and Cas‑L (4), is a 
multidomain scaffolding protein, belonging to the crk‑associ-
ated substrate family (5). The most thorough study of NEDD9 
suggested that it coordinates adhesion, migration, invasion and 
cascade reactions of Src and FAK signals  (4‑7). Numerous 
studies have reported that NEDD9 modulates invasion and 
metastasis of gastric cancer  (8), breast cancer  (9), cervical 
cancer (6), melanoma (5) and lung cancer (10). We hypothesized 
that NEDD9 was a biomarker of tumor invasion and metastasis. 
Previous studies have identified that NEDD9 is expressed in 
CRC and is closely associated with invasion, metastasis and poor 
prognosis (11‑13). Nevertheless, the specific mechanisms of the 
effect of NEDD9 on CRC have yet to be completely elucidated.

Epithelial‑mesenchymal transition (EMT) is a reversible 
process of differentiation that causes polarized epithelial cells 
to lose epithelial characteristics and obtain typical mesen-
chymal properties, and it has been reported that EMT is closely 
associated with the progression of malignant tumors (14‑16). 
Studies have demonstrated that NEDD9 promotes tumor 
invasion and metastasis by activating EMT  (9,17,18). The 
c‑Jun NH‑terminal kinase (JNK) is a member of the family 
of mitogen‑activated protein  (MAP) kinases  (19), and is 
primarily associated with proliferation, differentiation, apop-
tosis and migration (20,21). Previous studies have reported that 
activated JNK promotes the invasion and metastasis of tumors 
by promoting the development of EMT (22‑24).

The aim of the present study was to evaluate whether 
NEDD9 promoted cell invasion and migration by activating 
the JNK/EMT signaling pathways in colorectal tumors.

Materials and methods

Cells and tissues. Colorectal cancer cells HCT116 (Jikai 
gene, Shanghai, China) and normal colorectal tissue cells 
FHC (Suzhou Jikai Gene Technology Co., Ltd. Shanghai, 
China) were cultured in RPMI‑1640 with 10% fetal bovine 
serum (ExCell  Bio, Shanghai, China). Trypsin‑EDTA 
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(Beijing Solarbio Science and Technology Co., Ltd., Beijing, 
China) was used to digest cells. Tissue samples were from 
Qingdao Municipal Hospital between February  2016 and 
December  2017. Written informed consent was provided 
by patients. The present study was approved by the Ethics 
Committee of the Affiliated Hospital of Qingdao University 
(Qingdao, China). The clinicopathological features including 
age, sex, stage of Tumor Node Metastasis  (25), data and 
NEDD9 expression status. The inclusion criterion were the 
following: <75 years; clinically proven colorectal cancer tissue 
and no prior cancer chemotherapy. The exclusion criterion 
were the following: ≥75 years and prior cancer chemotherapy.

Transfection. The lentiviral downregulation vector (lv‑nedd9) 
(Jikai Gene Chemical Technology Co., Ltd.) and the blank 
vector (lv‑nc) (Jikai Gene Chemical Technology Co., Ltd.) 
expression of the target gene NEDD9 were constructed. The 
Lv‑NEDD9 and Lv‑NC two  groups of cells were seeded 
in 96‑well plates at a density of 10,000  cells/well, and a 
Multiplicity of Infection=25 lentiviral vector and a transfec-
tion enhancer Polybrene (Jikai Gene Chemical Technology 
Co., Ltd.) were added simultaneously 24 h later. The culture 
solution was changed after 10 h. The culture was kept for 
10 days and then used for experimental research.

Transwell assays. Cells in each group (Lv‑NC and Lv‑NEDD9) 
were placed in the Transwell chambers at a density of 
30,000 cells/well (8 µm, Corning, USA). Serum‑free medium 
with 200 µl was added to the upper compartment, and 500 µl 
fetal bovine serum was added to the lower compartment. After 
24 h of culture, the cells in the upper chamber were wiped 
away. After being fixed with methanol for 10 min and stained 
with 0.2% crystal violet (Solarbio, Beijing, China) for 10 min 
at 25˚C, the cells were washed with PBS three times, then 
images were obtained under an optical microscope (magnifi-
cation, x400) and counted.

Invasive ability test: Matrigel matrix (Corning Inc.) was 
mixed with complete medium in a 1:9 ratio. The diluted mixture 
was added to the Transwell chamber at 100 µl/well, in a 37˚C 
incubator for 4 h. Cells in each group were placed into Transwell 
chambers with 50,000 cells/well (8‑µm, Corning Inc.), and the 
other steps were the same as the migration experiment.

For HCT116 cell lines, the JNK inhibitor SP600125 
(Cell Signaling Technology, Inc.) was dissolved in DMSO and 
added. This was the experimental group (SP600125 group). 
By contast, DMSO alone (Beijing Solarbio Science and 
Technology Co, Ltd.) was the control group (DMSO group). 
The invasion and metastasis capacities of cells in each were 
measured by Transwell experiments. The experimental 
method was carried out as aforementioned.

Wound healing assay. Cells in each group (Lv‑NC and 
Lv‑NEDD9) were placed in the six‑well plates (Corning, Inc.) 
at a density of 500,000 cells/well. After 24 h, the cells were 
scratched with a 200 µl sterile pipette tip and photographed 
at 0 and 24 h. DMSO and SP600125 groups in the scratch test 
were the same as described earlier.

cDNA synthesis and RT‑qPCR. Tissue and cell total RNA (Takara, 
Japan) was extracted using an ISO plus RNA extraction kit (Takara 

Bio, Inc.). A PrimeScript RT reagent kit with gDNA Eraser 
(Perfect Real Time) was used for reverse transcription 
(Takara Bio, Inc., Otsu, Japan). SYBR Premix Ex Taq RR420A 
(Takara Bio, Inc.) was used for quantitative‑PCR (RT‑qPCR) 
(Bio‑Rad Laboratories, Inc. CFX96) and the thermocycling 
conditions were as follows: 30 sec, 1 cycle, 95˚C for 5  sec, 
60˚C for 30 sec, 40 cycles. The expression levels were analysed 
by 2‑ΔΔCq method (26). Primers used in the experiment were 
purchased from Shanghai Sangon Biotech. NEDD9: Forward: 
5'‑GAG​CTG​GAT​GGA​TGA​CTA​CGA‑3'; Reverse: 5'‑AGC​TCT​
TTC​TGT​TGC​CTC​TCA‑3'. E‑cadherin: Forward: 5'‑CTG​ATT​
CTG​CTG​CTC​TTG​CTG‑3'; Reverse: 5'‑CTT​CTC​CGC​CTC​
CTT​CTT​CA‑3'. Vimentin: Forward: 5'‑GAA​ATT​GCA​GGA​
GGA​GAT​GC‑3'; Reverse: 5'‑ATT​CCA​CTT​TGC​GTT​CAA​
GG‑3'. β‑actin: Forward: 5'‑CAC​CAT​GAA​GAT​CAA​GAT​CAT​
TGC‑3'; Reverse: 5'‑GGC​CGG​ACT​CAT​CGT​ACT​CCT​GC‑3'.

Western blot analysis. The four groups cells, Lv‑NEDD9, 
Lv‑NC, DMSO and SP600125 (3 ml 50 µM SP600125 for 

Table I. Clinicopathological features.

		  High expression
Features	 Number	 of NEDD9

Age (years)		
  ≥50	 35	 30
  <50	 5	 2
Sex		
  Female	 29	 24
  Male	 11	 8
Grade (TNM) (25)		
  I	 5	 2
  II	 11	 8
  III	 21	 19
  IV	 3	 3
Stage (TNM) (25)		
pT		
 T1	 2	 1
  T2	 5	 3
  T3	 17	 13
 T4	 16	 15
pN		
  N0	 20	 14
  N1	 13	 11
  N2	 7	 7
pM		
  M0	 37	 29
  M1	 3	 3
Date of tissue collection		
  02/2016‑12/2016	 12	 10
  01/2017‑12/2017	 28	 23

TNM, Tumor Node Metastasis; NEDD9, neural precursor 
cell‑expressed, developmentally‑downregulated 9.
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5 h at 37˚C), were washed twice with PBS and 1 ml PBS was 
added. The cells in the culture flask were scraped off with 
a cell scalpel and centrifuged for 5 min at 4˚C at 5,000 x g. 
Following removal of the supernatant, RIPA lysis buffer 
(Beijing Kangwei Century Biotechnology Co., Ltd.) was used 
to extract whole protein. After adding protease and phospha-
tase inhibitors, proteins were placed on ice for 15 min. After 
vortexing, proteins were again placed on ice for 15  min. 
The lysates were centrifuged at 12,000 x g for 10 min. The 
supernatants contained total protein, the protein determina-
tion (Thermo Fisher Scientific, Inc.) method was the BCA 
method. The extracted protein was mixed with the sample 
buffer SDS‑loading buffer, and boiled for 5 min. A total of 
15 µl of protein was loaded per lane. Samples were separated 
by 10% gel electrophoresis. Proteins were then transferred to 
PVDF membranes (EMD Millipore). The membranes were 
blocked in 5% skim milk for 1 h at room temperature. NEDD9, 
JNK, β‑actin, E‑cadherin and vimentin antibodies were 
incubated overnight at 4˚C. The enhanced chemiluminescent 
substrate reagent (ECL) was applied to the film and was 
analyzed on a Quant LAS 4010 imaging system (Ultra‑Violet 
Products Ltd.).

The antibodies used in this experiment were as follows: 
The primary antibodies were 1:1,000 mouse anti‑NEDD9 
(cat. no., 4044, CST); 1:1,000 rabbit anti‑JNK (cat. no., 9252, 
CST); 1:5,000 rabbit anti‑β‑actin (cat. no., bs‑0061R, BIOSS, 
Beijing, China); 1:1,000 rabbit anti‑E‑cadherin (cat. no., 3195, 
CST); and 1:1,000 rabbit anti‑vimentin (cat. no., 5741, CST). All 
primary antibodies were treated at 4˚C for 12 h. The secondary 
antibodies were 1:1,000 [cat. no., ab6708, goat anti‑mouse IgG 
H&L (HRP), Abcam] or 1:1,500 (cat. no., bs‑0295G, goat 
anti‑rabbit IgG, BIOSS), and incubated for 2 h at 25˚C.

Statistical analysis. GraphPad Prism 7 software (GraphPad 
Software, Inc., La Jolla, CA, USA) was used for statistical 
analysis. The results of the experiments are presented as the 
means with standard deviations. Data were compared using 
the paired t‑test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

NEDD9 was highly expressed in colorectal cancer. First, 
the present study measured expression levels of NEDD9 in 
40 normal colorectal tissues and colorectal cancer tissues by 
RT‑qPCR, and observed that NEDD9 was highly expressed 
(Fig.  1A  and  Table  I) in tumor tissues. Subsequently, the 
expression levels of NEDD9 were measured in the normal 
colorectal cell line FHC and CRC cell line HCT116, and iden-
tified that NEDD9 was also highly expressed in the CRC cell 
line (Fig. 1B).

Expression of EMT changed following the downregulation 
of NEDD9. The present study downregulated NEDD9 in 
colorectal cancer cells using lentiviral transfection, and 
observed that the transfection efficacy was >90% (P<0.01; 
Fig. 1C). NEDD9 expression in the Lv‑NEDD9 group was 
significantly lower than in the Lv‑NC group as measured by 
RT‑qPCR (P<0.01; Fig. 1D). The E‑cadherin expression levels 
were significantly higher in the Lv‑NEDD9 group than that 
in the Lv‑NC group, and the vimentin expression levels were 
significantly lower in Lv‑NEDD9 group when compared with 
the Lv‑NC group (P<0.01; Fig. 1D). These data suggest that 
the expression of EMT markers was altered following NEDD9 
downregulation.

Figure 1. Expression levels of NEDD9 were upregulated in CRC tissues and CRC cell lines. Changes of EMT markers following down regulation of NEDD9. 
(A) The relative levels of NEDD9 in CRC tissues and normal colorectal tissues. (B) The relative levels of NEDD9 in the FHC and HCT116 cell lines. (C) Effect 
of lentiviral transfection in HCT116 cell lines. Scale bar=500 µm. (D) Changes of NEDD9, E‑cadherin and vimentin following transfection in HCT116 cells. 
**P<0.01. CRC, colorectal cancer; NEDD9, neural precursor cell‑expressed, developmentally‑downregulated 9; Lv, lentivirus; NC, negative control.
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Attenuation of the ability of invasion and migration ability of 
colorectal cancer cells following downregulation of NEDD9. 

Cell migration ability (P<0.05; Fig. 2A) and invasion (P<0.01; 
Fig. 2B) was significantly lower in the Lv‑NEDD9 group than 

Figure 2. Downregulated NEDD9 inhibited the migration and invasion levels of HCT116 cells. (A) The results of migration assays for HCT116 cells following 
transfection. Scale bar=100 µm. (B) The results of invasion assays for HCT116 cells following transfection. Scale bar=100 µm. (C) The results of wound 
healing assays in HCT116 cells following transfection. Scale bar=400 µm. *P<0.05, **P<0.01. NEDD9, neural precursor cell‑expressed, developmentally‑down-
regulated 9; Lv, lentivirus; NC, negative control.

Figure 3. Downregulated NEDD9 inhibited expression levels of JNK and suppressed EMT. (A) Western blot assays for NEDD9, E‑cadherin and vimentin in 
HCT116 cells after transfection. (B) The analysis for the results of western blots. *P<0.05, **P<0.01. NEDD9, neural precursor cell‑expressed, developmen-
tally‑downregulated 9 Lv, lentivirus; NC, negative control.
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that in the Lv‑NC group. The wound healing assay results 
demonstrated that cell migration (P<0.01; Fig. 2C) was signifi-
cantly lower in the Lv‑NEDD9 group than that in the Lv‑NC 
group. These data suggested that downregulation of NEDD9 
inhibits the invasion and migration of colorectal cancer.

NEDD9 regulates the expression of JNK/EMT in HCT116 
cell lines. The present study performed western blot analysis 
to measure the expressions of JNK, E‑cadherin and vimentin 
following the downregulation of NEDD9. The results revealed 
that the protein expression levels of NEDD9 were decreased, 
the expression levels of p‑jnk were decreased, the expres-
sion levels of E‑cadherin were increased and the expression 
levels of vimentin were decreased (Fig. 3B). E‑cadherin and 
Vimentin are EMT‑related proteins (27), and the changes of 
the expressions of JNK, E‑cadherin and Vimentin suggest that 
NEDD9 modulates invasion and migration of CRC by regu-
lating JNK and EMT.

JNK inhibitor SP600125 suppressed invasion and migration 
of colorectal cancer cells. To investigate whether NEDD9 

affected the invasion and migration of colorectal cancer 
through the JNK pathway, the JNK inhibitor SP600125 was 
dissolved in DMSO and added to HCT116 cells. Migration 
(P<0.01; Fig. 4A) and invasion (P<0.01; Fig. 4B) were signifi-
cantly lower in the SP600125 group than in the DMSO group. 
Wound healing assays demonstrated that migration was 
significantly lower in the SP600125 group when compared 
with the DMSO group (P<0.01; Fig. 4C). Taken together, these 
data suggested that JNK promoted the invasion and migration 
abilities of colorectal cancer.

JNK inhibitor SP600125 delayed the progression of EMT. 
Following the addition of the JNK inhibitor SP600125, 
changes in expression levels of the EMT‑related proteins 
E‑cadherin and vimentin were examined by western blot-
ting (Fig. 5A). E‑cadherin expression levels increased and 
the vimentin expression levels were decreased (Fig. 5B). 
These data suggested that JNK promoted EMT. Taken 
together, the results of the present study demonstrated that 
NEDD9 regulates EMT by JNK to promote CRC invasion 
and migration.

Figure 4. JNK promoted migration and invasion in HCT116 cells. (A) The results of migration assays for HCT116 cells following the addition of SP600125. 
Scale bar=100 µm. (B) The results of invasion assays for HCT116 cells following the addition of SP600125. Scale bar=100 µm. (C) The results of wound 
healing assays for HCT116 cells prior to, and following the addition of SP600125. Scale bar=400 µm. **P<0.01.
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Discussion

Several studies have demonstrated that NEDD9 is highly 
expressed in tumors and functions as an oncogene (4). For 
example, NEDD9 promotes invasion and migration of mela-
noma  (7) and modulates the metastatic ability of gastric 
cancer (8), the invasion ability of breast (9) and the migra-
tion and invasion ability of cervical cancer (6), which was 
consistent with the findings of the present study. The present 
study observed that NEDD9 was highly expressed in CRC and 
promoted invasion and migration of colorectal cancer cells. 
The current literature indicates that the majority of studies on 
NEDD9 focus on its influence on tumor invasion and migra-
tion.

NEDD9 acts as a tumor‑promoting factor, and its high 
expression in tumors also promotes the development of 
EMT (9,28,29). NEDD9 promoted EMT through the ERK 
pathway in breast cancer  (9), as well as promoting EMT 
by inhibiting Smad7 in liver cancer  (18), and promoting 
metastasis of gastric cancer cells by regulating EMT in 
gastric cancer  (30). The experimental data of the present 
study demonstrated that the downregulation of NEDD9 in 
colorectal cancer increased the expression of the EMT‑related 
protein E‑cadherin and decreased the expression of vimentin, 
suggesting that the downregulation of NEDD9 can attenuate 
EMT. For example, TGF‑β1 triggers EMT in lung cancer via 
the JNK pathway (31). Inhibition of JNK reversed EMT and 
inhibited the migration of gastric cancer (32). JNK has also 
been reported to promote EMT in renal cell carcinoma (33). 
These data are consistent with our experimental hypothesis. 
The present study downregulated NEDD9 and observed that 
the expression of p‑JNK was decreased and the EMT‑related 
protein expression changed. Therefore, it was hypothesized 
that NEDD9 may regulate the development of EMT via the 
JNK signaling pathway in CRC. Therefore, the JNK inhibitor 
SP600125 was added to colorectal cancer cells and the expres-
sion of EMT‑related proteins was measured. The results 
revealed that the expression of EMT‑related proteins changed. 

Taken together the results of the present study demonstrated 
that NEDD9 promotes EMT via the JNK pathway in colorectal 
cancer.

NEDD9 mediated tumor invasion by promoting the secre-
tion of MMP9  (34), and the negative regulation of tumor 
suppressor gene LKB1 modulated the progression of lung 
cancer (35). NEDD9 is also affected by miRNA regulation 
affecting tumor invasion and metastasis (36). NEDD9 as a 
tumor factor is closely associated with the occurrence and 
development of tumors (37); nevertheless, numerous mecha-
nisms for NEDD9 are unknown and have not been studied; 
therefore, the current state of knowledge of NEDD9 remains 
scarce and requires further investigation.

Consult the relevant literature to know that NEDD9 
can interact with FAK to affect tumors  (38) and related 
literature has also found that FAK can activate JNK (39), 
so NEDD9 may activate JNK through FAK. In addition, 
NEDD9 may also activate JNK via P38MAPK‑Erk1/2 (40). 
NEDD9 may also activate JNK in other ways, but it has 
not been discovered yet. A review of the literature reveals 
the relevant situation downstream of JNK. For example, 
IL‑2/sorafenib can affect tumor survival, growth and 
mobility through JNK‑TAZ pathways (41), GPS1 can activate 
the c‑Jun N‑terminal kinase (JNK)/Jun pathway to affect 
breast cancer growth and migration (42), Saikosaponin D 
induced apoptosis via the activation of TGFα‑JNK‑p53 (43), 
Thymoquinone inhibits the metastasis through activation 
of JNK‑p38 (44), JNK‑ELK1 The pathway can also have 
an effect on the tumor (45). These are the pathways already 
known downstream of JNK, but there must be downstream 
pathways that have not been studied.

Our experiment investigated the effect of NEDD9 on 
colorectal cancer through JNK, which is currently not done in 
colorectal cancer. It is innovative and meaningful. However, 
due to the limitations of experimental conditions, we did not 
study the specific mechanism of NEDD9 activation of JNK and 
the downstream pathway of JNK in this experiment. In future 
experiments, we will work to study the specific mechanism by 

Figure 5. JNK promoted EMT. (A) Western blot assays for JNK, E‑cadherin and vimentin in HCT116 after adding SP600125. (B) Quantification of the western 
blot results following the addition of SP600125. *P<0.05, **P<0.01. EMT, epithelial mesenchymal transition.
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which NEDD9 activates JNK and the pathway downstream 
of JNK.

In conclusion, we found that NEDD9 was highly expressed 
in colorectal cancer tissues and colorectal cancer cell lines, and 
that NEDD9 promoted invasion and migration of colorectal 
cancer. These data suggested that NEDD9 can be used as a 
new and effective target for therapy of colorectal cancer.
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