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Abstract. Neuron‑derived neurotrophic factor (NDNF) is a 
glycosylated, disulfide‑bonded secretory protein that contains 
a fibronectin type III domain. NDNF has been identified as a 
neurotrophic factor; however, its role in carcinogenesis has not yet 
been identified. To investigate the expression and role of NDNF 
in carcinogenesis, the expression of NDNF in human Renal cell 
carcinoma (RCC) cell lines and tissues was detected by reverse 
transcription‑quantitative polymerase chain reaction (RT‑qPCR) 
and western blot analysis. Cell proliferation was investigated using 
CCK‑8 and colony formation assays, and the cell invasion and 
immigration capacity was evaluated using the transwell assay. The 
results demonstrated that NDNF expression was downregulated 
in RCC cell lines and RCC tissues. Restoring NDNF expression 
significantly inhibited the proliferation, migration and invasion of 
RCC cells. The study also demonstrated that the inhibitory effect 
of NDNF on invasive ability was mediated by suppressing the 
epithelial‑mesenchymal transition (EMT) in RCC cells. NDNF 
may therefore be considered an important regulator of EMT in 
RCC progression and may represent a novel promising target for 
antimetastatic therapy.

Introduction

Renal cell carcinoma (RCC) accounts for 80% of all primary 
renal neoplasms and comprises 2‑3% of all malignancies (1). 

Partial nephrectomy is the most effective treatment for local 
clear cell RCC (ccRCC); however, 30% of patients develop 
metastatic disease after surgery. Although some kinase inhibi-
tors have been used in clinical applications, metastatic RCC 
remains largely incurable due to the off‑target effects of current 
agents, and resistance to chemotherapy and radiation (2,3). 
Therefore, the identification of novel markers and targets for 
the early detection and treatment of RCC is required (4‑7).

Neuron‑derived neurotrophic factor (NDNF) is a glyco-
sylated, disulfide‑bonded secretory protein that contains a 
fibronectin type III domain. NDNF has been identified as a 
neurotrophic factor that can promote neuron migration, growth 
and survival, as well as neurite outgrowth (8). Furthermore, 
NDNF promotes endothelial cell survival and vessel formation, 
and has an important role in the process of revascularization 
through nitric oxide synthase 3‑dependent mechanisms (9). 
NDNF can also exert favorable effects on various ischemic 
cardiovascular disorders (10); however, the functional role of 
NDNF in carcinogenesis has not yet been identified.

In the present study, the expression and roles of NDNF 
in RCC were investigated. The results demonstrated that 
NDNF was decreased in ccRCC. In addition, restoring NDNF 
expression inhibited the proliferation, migration and invasion 
of RCC via the suppression of epithelial‑mesenchymal transi-
tion (EMT), which contributes to the progression of cancer by 
promoting loss of cell‑cell adhesion, leading to a shift in cyto-
skeletal dynamics (11). NDNF may therefore be considered an 
important regulator of EMT in RCC progression.

Materials and methods

Patient samples. The present study included 69 samples from 
patients diagnosed with ccRCC. Renal cancer tissues and 
paired normal renal tissues were obtained from each patient 
and stored at ‑80˚C. Written informed consent was provided by 
the patients and their families for the use of tissue specimens. 
The present study was approved by the Ethics Committee of 
Shenzhen Second People's Hospital (Shenzhen, China).

Cell culture and lentiviral infection. The human RCC cell lines 
ACHN, Caki‑1, OS‑RC‑2, 786‑O and 769‑P, and the papillary 
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RCC cell line Caki‑2, were purchased from the American Type 
Culture Collection (Manassas, VA, USA), ACHN was cultured 
in MEM (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA), Caki‑1 and Caki‑2 were cultured in McCoy's 5A (Gibco; 
Thermo Fisher Scientific, Inc.), OS‑RC‑2, 786‑O and 769‑P 
were cultured in RPMI 1640 (Gibco; Thermo Fisher Scientific, 
Inc.). Cell lines were supplemented with 10% FBS (Gibco; 
Thermo Fisher Scientific. Inc.), 100 U/ml penicillin (Gibco; 
Thermo Fisher Scientific, Inc.) and 100 µg/ml streptomycin 
(Gibco; Thermo Fisher Scientific, Inc.) and were grown in 37˚C, 
5% CO2 atmosphere. The lentiviral plasmids pLVX‑3FLAG 
(Lenti‑Control) and pLVX‑NDNF‑3FLAG (Lenti‑NDNF) 
were designed by Shanghai GeneChem Co., Ltd. (Shanghai, 
China). The lentiviruses were generated by cotransfecting the 
20 µg lentiviral plasmid, 15 µg pHelper1.0 (gag/pol element) 
and 10 µg Helper2.0 (VSVG element) into 70‑80% confluence 
293T cells (ATCC, Manassas, VA, USA) using Lipofectamine® 
2000 (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA). After 48 h transfection, the viral supernatants were 
collected, centrifuged at 70,000 x g at 4˚C for 2 h and filtered. 
ACHN and 786‑O cells were infected with lentiviruses and 
8 µg/ml polybrene (Sigma‑Aldrich, Merck KGaA, Darmstadt, 
Germany). Infected cells were then exposed to 4 µg/ml puro-
mycin (cat no. s7417; Selleck Chemicals, Houston, TX, USA) 
for 4 days. Single‑cell clones with stable NDNF expression 
were identified by reverse transcription‑quantitative poly-
merase chain reaction (RT‑qPCR) and western blotting.

RT‑qPCR. RT‑qPCR was carried out as described previ-
ously (12,13). Briefly, total RNA was extracted using TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and cDNA 
was converted from total RNA using the PrimeScript™ RT 
reagent with gDNA Eraser (Takara Bio, Inc., Otsu, Japan) 
according to the manufacturer's protocol. RT‑qPCR was 
performed by using HotStarTaq DNApolymerase and buffer 
(Quiagen GmbH, Hilden, Germany) with an initial denatur-
ation period at 95˚C lasting for 15 min, followed by 35 cycles 
at 94˚C for 45 sec, annealing at 60˚C for 30 sec, and extension 
at 72˚C for 45 sec in a thermal cycler (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). RT‑qPCR was performed 
using SYBR Premix Ex Taq™ II (Takara Bio, Inc.) with the 
following cycling conditions: Initial denaturation at 95˚C or 
10 min, followed by 40 cycles of denaturation at 95˚C for 
45 sec and annealing at 60˚C for 30 sec. The primer sequences 
were as follows: NDNF, forward 5'‑GGG​AAG​GCT​CAG​GTG​
ATC​TGG​AAC‑3', reverse 5'‑AAA​CCG​GAT​GGG​GAA​CTA​
GAC​GAT‑3'; and β‑actin, forward 5'‑GGC​ACC​ACA​CCT​
TCT​ACA​ATG​AG‑3', and reverse 5'‑GGA​TAG​CAC​AGC​CTG​
GAT​AGCA‑3'. Each sample was analyzed in triplicate using 
the ABI 7300 Real‑Time PCR system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The relative expression levels 
of NDNF were calculated using the 2‑ΔΔCq method, as previ-
ously described (14).

Western blotting. Proteins were extracted from the cells using 
1 ml radioimmunoprecipitation assay buffer (Thermo Fisher 
Scientific, Inc.) containing 10 µl protease inhibitor cocktail 
(Sigma‑Aldrich, Merck KGaA). Protein concentration was 
quantified using the bicinchoninic acid assay kit (Pierce; 
Thermo Fisher Scientific, Inc.) Proteins (40 µg/sample) were 

separated by 10% SDS‑PAGE and transferred onto polyvi-
nylidene difluoride membranes (EMD Millipore, Billerica, 
MA, USA). Membranes were blocked in 5% skimmed milk 
at room temperature for 1 h and were incubated with the 
following primary antibodies diluted in PBS with 5% bovine 
serum albumin (cat no.  4240GR100; NeoFROXX GmbH, 
Hesse, German) overnight at 4ºC: NDNF (1:1,000 dilution, cat 
no. sc‑242196; Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA), β‑tubulin (1:5,000 dilution, cat no. ab6046; Abcam, 
Cambridge, UK), N‑cadherin (1:1,000 dilution, cat no. sc‑7939; 
Santa Cruz Biotechnology, Inc.), E‑cadherin (1:1,000 dilution, 
cat no. sc‑31020; Santa Cruz Biotechnology, Inc.), Vimentin 
(1:1,000 dilution, cat no. sc‑7557‑R; Santa Cruz Biotechnology, 
Inc.), MMP‑7 (1:1,000 dilution, cat no. sc‑8832, Santa Cruz 
Biotechnology), Cyclin D1 (1:1,000 dilution, cat no. 2978, Cell 
Signaling Technology, Inc., Danvers, MA, USA) and β‑catenin 
(1:1,000 dilution, cat no. sc‑7963; Santa Cruz Biotechnology, 
Inc.). After three washes with TBST [20  mM Tris‑HCl 
(pH 7.5), 150 mM NaCl, 0.1% Tween‑20], membranes were 
incubated goat anti‑rabbit (1:1,000 dilution, cat no. sc‑2004, 
Santa Cruz Biotechnology, Inc.), rabbit‑anti‑goat (1:1,000 
dilution, cat no.  sc‑2922, Santa Cruz Biotechnology, Inc.), 
or horse anti‑mouse (1:1,000 dilution, cat no. 7076P2, Cell 
Signaling Technology, Inc.). At room temperature for 1 h. 
Bands were detected using the Alliance Imaging system 
(Uvitec, Cambridge, UK) with the Immobilon Western 
Chemiluminescent HRP Substrate (EMD Millipore).

Immunofluorescence. Immunofluorescence was carried out 
as previously described (11). Briefly, 2x103 cells were fixed in 
ice‑cold 4% paraformaldehyde containing 0.1% Triton X‑100 
for 5 min, and incubated with a mouse anti‑flag monoclonal 
antibody (1:5,000 dilution; cat no. ABIN3020559, Abgent 
Biotech Co., Ltd., Suzhou, China) at 4˚C overnight. Cells were 
then washed three times with PBS and incubated with a donkey 
anti‑rabbit immunoglobulin G secondary antibody conju-
gated to Alexa Fluor® 647 (1:1,000 dilution, cat no. A32795 
Thermo Fisher Scientific, Inc.). Cell nuclei were stained with 
4',6‑diamidino‑2‑phenylindol (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany). Immunofluorescence was visualized 
using a confocal fluorescence microscope.

NDNF ELISA. To detect extracellular NDNF released by 
ACHN and 786‑O cells, 2x106 cells were cultured in MEM 
(Gibco; Thermo Fisher Scientific, Inc.) and O RPMI 1640 
(Gibco) supplemented with 1% FBS (Gibco; Thermo Fisher 
Scientific, Inc.) for 24 h. The supernatant was collected and 
concentrated by ultrafiltration at 1,000 x g at room temperature 
for 20 min. Subsequently, 10 µl aliquots were analyzed using 
the commercially available NDNF ELISA kit (cat no. SEU433 
Hu; Cloud‑Clone Corp., Katy TX, USA), according to the 
manufacturer's protocol. Each ELISA plate was read on a 
microplate reader at 450 nm absorbance, with a correction 
wavelength of 540 nm.

Cell proliferation and colony formation assays. Cell prolif-
eration was assessed using the Cell Counting Kit‑8 assay 
(Beyotime Institute of Biotechnology). Lentivirus‑infected 
cells were grown in a 96‑well plate at 2x103 cells/well. After 
0, 24, 48, 72 and 96 h, the CCK‑8 reagent (10 µl) was added to 
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each well and incubated at 37˚C for 2 h. Then, the absorbance 
at 450 nm was detected using a microplate reader (Bio‑Rad 
Laboratories Inc., Hercules, CA, USA). With regards to the 
colony formation assays, 1x103 infected ACHN and 786‑O 
cells were seeded in a 6‑well plate and cultured in MEM 
(Gibco; Thermo Fisher Scientific, Inc.) and RPMI 1640 
(Gibco; Thermo Fisher Scientific, Inc.) for 2 weeks, respec-
tively. Cells were then stained with 0.1% crystal violet for 
5 min after fixation with 4% paraformaldehyde for 20 min at 
room temperature. Images of the results were captured, and 
the number of colonies was counted. Each experiment was 
performed in triplicate.

Cell migration and invasion assays. Cell migration was 
measured using 24‑well Transwell chambers (pore size, 
8 µm; Corning Incorporated, Corning, NY, USA). In total, 
1x105  cells/well were seeded onto the upper chamber in 
serum‑free medium. With regards to the cell invasion assay, 
~2x105 cells/well were seeded onto the upper chamber, which 
was coated with Matrigel (1:8; 50 µl/well; BD Biosciences, 
San Jose, CA, USA). The lower chamber was filled with MEM 
(Gibco; Thermo Fisher Scientific, Inc.) medium for ACHN and 
RPMI 1640 (Gibco; Thermo Fisher Scientific, Inc.) medium 
for 786‑O containing 10% FBS. After 48 h, the cells on the 
surface of the upper chamber were wiped with cotton buds, 
whereas the cells on the bottom chamber were fixed in 4% 
paraformaldehyde for 15 min and stained with 0.1% crystal 
violet for 20 min at room temperature. Images of cell migra-
tion and invasion were captured using an inverted microscope. 
Eventually, cells contained in each chamber were removed 
using 1 ml 33% acetic acid and seeded into 96‑well plates, 
after which, the absorbance was measured at 570 nm with a 
microplate reader. Each experiment was performed at least 
three times.

Database mining.  The Oncomine database  (15) 
(https://www.oncomine.org/) was used for retrieving the 
alterations in NDNF mRNA levels in RCC tissues and corre-
sponding disease‑free normal and/or normal adjacent tissues. 
Data from Gumz et al (16), (C) Lenburg et al (17) and (D) 
Yusenko et al (18) were retrieved using standard settings.

Statistical analysis. All the data are presented as the 
means ±  standard deviation obtained from three separate 
experiments. Statistical analysis was conducted using 
GraphPad Prism 5.0 (GraphPad Software, San Diego, CA, 
USA) and SPSS 22.0 software (SPSS, Chicago, IL, USA). 
Paired t‑tests were used to analyze the expression levels of 
NDNF in ccRCC compared with in adjacent normal kidney 
tissues, and nonpaired t‑tests were used to determine the 
associations between NDNF expression in ccRCC compared 
to that in normal kidney tissues. Nonpaired t‑tests were used 
to determine the effects of ectopic expression on cell function. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

NDNF expression is reduced in ccRCC. In our previous study, 
deep sequencing analysis demonstrated that NDNF expression 
is decreased in ccRCC compared with in paired nontumor 
tissues  (19). To investigate whether NDNF expression was 
altered during RCC carcinogenesis, NDNF expression in 69 
ccRCC and paired nontumor tissues was analyzed. Results 
demonstrated that NDNF expression was silenced or strongly 
decreased in 65 of 69 ccRCC samples (P<0.001; Fig. 1A). An 
analysis of the Oncomine database also revealed that NDNF 
expression was significantly lower in RCC tissues compared 
with in normal renal tissues in three independent studies 

Figure 1. NDNF expression is reduced in ccRCC. (A) NDNF expression in 69 ccRCC and paired noncancerous tissues was determined by reverse transcrip-
tion‑quantitative polymerase reaction (P<0.0001). The Oncomine database was used to analyze NDNF expression in previously published RCC datasets: 
(B) Gumz et al (16), (C) Lenburg et al (17) and (D) Yusenko et al (18) using standard settings. (E) NDNF protein in ccRCC and paired healthy tissues, as 
determined by western blotting. (F) Immunofluorescence staining captured by fluorescence microscopy, including Alexa Fluor® 647, DAPI and merged 
images. The NDNF protein was observed mainly in the cytoplasm. Scale bar, 10 µm. ccRCC, clear cell RCC; DAPI, 4',6‑diamidino‑2‑phenylindol; NDNF, 
neuron‑derived neurotrophic factor; RCC, Renal cell carcinoma.
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(Fig. 1B‑D) (16‑18), thus indicating that NDNF was reduced in 
ccRCC. NDNF protein was also examined by western blotting 
in 16 RCC clinical specimens and paired nontumor tissues. 
NDNF expression in RCC was markedly reduced compared 
with in paired nontumor tissues (Fig. 1E). These data revealed 
that the loss of NDNF expression may be associated with RCC 
carcinogenesis. Since the NDNF antibody used for western blot-
ting was not suitable for immunofluorescence, NDNF expression 
and subcellular location in renal tissues were not determined. 
However, after the infection of ACHN cells with NDNF‑3Flag 
expression lentiviruses, immunofluorescence analysis revealed 
the cytoplasmic location of NDNF‑3Flag (Fig. 1F).

Analysis of NDNF expression in human RCC cell lines. The 
expression of NDNF in five RCC cell lines (ACHN, OS‑RC‑2, 
Caki‑1, 786‑O and 769‑P) and in the Caki‑2 papillary RCC 
cell line was determined. The results revealed that Caki‑1 and 
Caki‑2 cell lines expressed high NDNF mRNA expression 
levels, whereas no NDNF mRNA was detected in ACHN, 
OS‑RC‑2, 786‑O and 769‑P cell lines (Fig. 2A). NDNF protein 
expression levels were also examined in the RCC cell lines 
by western blotting. Notably, no NDNF protein was detected 
in the six cell lines while NDNF protein is high in normal 
kidney tissues, although Caki‑1 and Caki‑2 cells exhibited 
high NDNF mRNA levels (Fig. 2B). It has been reported that 
NDNF is a glycosylated, disulfide‑bonded secretory protein 
and was detected in cell supernatants (8). However, no NDNF 
was detected in any of the RCC cell line supernatants (data 
not shown).

NDNF suppresses proliferation and colony formation of RCC 
cells. Since ACHN and 786‑O RCC cell lines exhibited the 

lowest mRNA and protein expression levels (Fig. 2A and B), 
NDNF expression was reintroduced into human ACHN and 
786‑O cell lines. RCC infection with NDNF‑bearing lentiviral 
or empty vectors (control) was performed. The infected cells 
were subsequently selected with puromycin, and single‑cell 
clones were selected to establish stable cell lines. The ectopic 
expression of exogenous NDNF was confirmed by RT‑qPCR 
analysis (data not shown) and western blotting (Fig. 2C). Only 
a very small amount of NDNF was detected in the cell culture 
supernatant (data not shown). Clones 2 and 3 for 786‑O, and 
clones 1 and 2 for ACHN presented high NDNF expression, 
and were therefore selected for further analysis.

The effects of NDNF on RCC were then assessed by 
measuring cell proliferation and colony formation. The results 
revealed that ectopic expression of NDNF significantly reduced 
the proliferation of ACHN (clone 2) and 786‑O (clone 3) in a 
time‑dependent manner (P<0.05) (Fig. 2D and E). The colony 
formation assay also revealed that ectopic expression of 
NDNF significantly decreased ACHN (clone 2) (Fig. 2F) and 
786‑O (clone 3) (Fig. 2G) colony formation. Similar results 
were obtained from ACHN (clone 1) and 786‑O (clone 2) cells 
(data not shown).

NDNF inhibits the migration and invasion of RCC cells. To 
further investigate whether NDNF affects RCC cell migra-
tion and invasion, Transwell migration and invasion assays 
were performed. Compared with control cells, ectopic 
expression of NDNF significantly suppressed the migra-
tory abilities of ACHN (clone 2) and 786‑O (clone 3) cells 
(Fig. 3A‑D). The Boyden chamber tests demonstrated that 
the invasive abilities of ACHN (clone 2) and 786‑O (clone 
3) cells transfected with NDNF were decreased compared 

Figure 2. NDNF suppresses the proliferation of RCC cells. (A) Expression levels of NDNF mRNA in normal kidney tissues and various RCC lines (ACHN, 
Caki‑1, Caki‑2, 769‑P, OS‑RC‑2 and 786‑0) were determined by RT‑PCR. (B) NDNF protein expression in RCC cell lines was determined by western blot-
ting. (C) NDNF protein expression in single‑cell clones infected with NDNF, and in control cells, was determined by western blotting. β‑tubulin was used 
as an internal control. (D and E) Effects of ectopic NDNF expression on ACHN (clone 2) and 786‑O (clone 3) cells; proliferation was detected using the Cell 
Counting Kit‑8 assay. Experiments were repeated three times. Results are presented as the means ± SD (*P<0.05, ***P<0.001). (F and G) Effects of ectopic 
NDNF expression on the colony formation of ACHN (clone 2) and 786‑O (clone 3) cells. NDNF‑stable cells and control cells were seeded at low density and 
cultured for 2 weeks. Experiments were repeated three times. Results are presented as the means ± SD (n=3, *P<0.05, **P<0.01). NDNF group: Lenti‑NDNF 
infected cells; Control group: Lenti‑Control infected cells. NDNF, neuron‑derived neurotrophic factor; OD, optical density; RCC, Renal cell carcinoma; SD, 
standard deviation.
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with control cells (Fig. 3E‑H). Similar results were obtained 
from ACHN (clone 1) and 786‑O (clone 2) cells (data not 
shown).

NDNF alters the expression of EMT markers in RCC cells. 
EMT serves a critical role in tumor progression by transforming 
epithelial cells into a mesenchymal state (11). To determine 
whether NDNF inhibits RCC invasion via regulating EMT, the 
expression levels of the epithelial marker E‑cadherin, and the 
mesenchymal markers N‑cadherin and vimentin, were exam-
ined. Western blotting demonstrated that ectopic expression of 
NDNF induced a marked increase expression in E‑cadherin in 
ACHN and 786‑O cells; however, N‑cadherin and Vimentin 
expression was decreased (Fig. 4).

Since membrane‑type matrix metalloproteinases 
(MT‑MMPs) are pivotal regulators of cell invasion, growth 
and survival, the effects of NDNF on MT‑MMP expression 
were examined. The results revealed that ectopic expression of 
NDNF markedly inhibited MMP‑7 expression (Fig. 4).

Discussion

Although neurons are considered the primary source of 
NDNF (8,9), a previous study revealed that NDNF is expressed 
in normal renal tissues and is downregulated in ccRCC (19). In 
the present study, NDNF expression was analyzed in 69 ccRCC 
samples and paired noncancerous tissues, and in silico gene 
expression data screening was conducted using the Oncomine 
database (16‑18). The present study confirmed that NDNF was 
decreased in ccRCC. The molecular weight of the strongest 
band for NDNF was determined at 72 kD, although additional 
unspecific bands were visible. Whether these unspecific bands 
are modifications of the NDNF protein remains unknown. In 
addition, NDNF antibody available was used only for western 
blot analysis and is not suitable for immunohistology staining. 

Figure 3. NDNF inhibits the migration and invasion of ACHN (clone 2) and 786‑O (clone 3) RCC cells. (A) Representative whole well (x20) and local 
magnification (x100) image of effects of NDNF on the migration of ACHN cells, as determined by Transwell migration assays. (B) The quantitative analysis 
of the migrated ACHN cells. (C) Representative whole well (x20) and local magnification (x100) image of effects of NDNF on the migration of 786‑O 
cells, as determined by Transwell migration assays. (D) The quantitative analysis of the migrated 786‑O cells. (E) Representative whole well (x20) and 
local magnification (x100) image of effects of NDNF on the invasion ability of ACHN cells, as determined by Matrigel‑coated Transwell invasion assays. 
(F) The quantitative analysis of the invaded ACHN cells. (G) Representative whole well (x20) and local magnification (x100) image of effects of NDNF on 
the invasion ability of 786‑O cells, as determined by Matrigel‑coated Transwell invasion assays. (H) The quantitative analysis of the invaded 786‑O cells. All 
experiments were performed in triplicate. Data are presented as the means ± SD (n=3, ***P<0.001). NDNF group; Lenti‑NDNF‑infected cells; Control group, 
Lenti‑Control‑infected cells. NDNF, neuron‑derived neurotrophic factor; OD, optical density; RCC, Renal cell carcinoma; SD, standard deviation.

Figure 4. NDNF inhibits EMT in Renal cell carcinoma cells. The protein 
expression levels of EMT markers and MMP‑7 were assessed in ACHN 
(clone 2) and 786‑O (clone 3) cells infected with NDNF, and in control cells, 
by western blotting. β‑tubulin served as a loading control. NDNF group; 
Lenti‑NDNF‑infected cells; Control group, Lenti‑Control‑infected cells. 
EMT, epithelial‑mesenchymal transition; MMP‑7, matrix metalloproteinase 
7; NDNF, neuron‑derived neurotrophic factor.
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The expression of NDNF in patients with RCC cannot be 
correlated with clinical data, e.g. tumor status, grading and 
survival. The expression of NDNF in a panel of RCC cell 
lines was also assessed. No NDNF protein was detected in 
the RCC cells, although NDNF mRNA expression was high in 
Caki‑1 and Caki‑2 cells. This lack of protein detection could 
be due to a frameshift mutation or deletion of the NDNF gene, 
translational regulation via microRNAs or post‑translational 
modifications. These results suggested that the reduced NDNF 
expression may be associated with RCC carcinogenesis.

To investigate the role of NDNF in RCC carcinogenesis, 
functional assays were performed. The results demonstrated 
that restoring NDNF expression decreased the cell prolifera-
tion rate by ~20%, and inhibited the migration and invasion 
rates by >40%. These data demonstrated that restoring the 
expression of NDNF markedly suppressed RCC cell prolif-
eration, migration and invasion in vitro, although they were 
in contradiction with the data observed in neurons (8) and 
hypoxic endothelial cells (9). This observation may reflect the 
tissue‑specificity of NDFN. It has been reported that some 
oncogene proteins in glioma may act as tumor suppressors in 
other types of carcinoma (20‑22). In addition, it was demon-
strated that restoring NDNF expression could inhibit Cyclin 
D1 expression in ACHN and 786‑O RCC cells. Cyclin D1 is 
able to form active complexes with either cyclin‑dependent 
kinase (CDK) 4 or CDK6, which, in turn, drives G1 to S phase 
progression (23). NDNF may therefore inhibit RCC cell prolif-
eration by causing G1 to S phase cell cycle arrest.

The EMT is a normal process associated with organ 
development and disease, including tumor growth and aggres-
siveness  (7,24,25). During EMT, epithelial cells become 
more motile and invasive, which are characteristics of 
mesenchymal‑like cells (25,26). It is generally accepted that 
EMT contributes to tumor development and progression. In 
the present study, it was demonstrated that restoring NDNF 
expression reduced the expression levels of some hallmarks of 
mesenchymal cells, including N‑cadherin and Vimentin, but 
increased E‑cadherin. In addition, ectopic NDNF expression 
significantly inhibited the expression of MMP‑7, which is known 
to cleave E‑cadherin (27). It has been reported that MMP‑7 is a 
downstream target gene of Wnt/β‑catenin signaling, and has an 
important role in early tumor progression and metastasis (28). 
Reducing NDNF expression may therefore induce RCC invasion 
and stimulate EMT via the Wnt/β‑catenin signaling pathway. 
However, NDNF ectopic expression has a minor effect on the 
nuclear localization of β‑catenin (data not shown). The effects 
of NDNF on RCC cell migration and invasion may therefore 
involve other pathways, including the Ras signaling pathway; 
these other pathways should be investigated in future studies.

In conclusion, NDNF was significantly downregulated in 
ccRCC tissues. In addition, restoring NDNF expression inhib-
ited RCC proliferation, migration and invasion. Ectopic NDNF 
expression also inhibited RCC progression by suppressing the 
EMT process. NDNF may therefore act as a regulator of EMT 
in RCC progression and may represent a novel therapeutic 
target for the treatment of advanced RCC.
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