
Int J Clin Exp Pathol 2015;8(6):6377-6386
www.ijcep.com /ISSN:1936-2625/IJCEP0008334

Original Article
Knockdown of Nestin inhibits proliferation and 
migration of colorectal cancer cells 
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Abstract: Nestin, a member of type VI intermediate filament protein family, is widely expressed in mammalian 
nervous tissue and stem/precursor cells of non-neuronal normal tissues. Nestin has also been investigated to 
determine possible tumor-promoting functions. However, whether Nestin is involved in colorectal cancer (CRC) 
cells remains unclear. In this report, Nestin expression was upregulated in stromal cells of human CRC tissues. 
Endogenous Nestin expression in CRC cell lines SW480 and HCT116 was knocked down by a lentivirus. MTT and 
colony formation assays revealed that Nestin deletion significantly inhibits the proliferation of CRC cell lines; flow 
cytometer analysis showed that Nestin deletion causes cell cycle arrest at S phase. Transwell chamber and wound 
healing scratch assays also revealed that Nestin deletion suppresses cell migration. Our findings indicated that 
Nestin plays an essential role in CRC progression; thus, Nestin can be applied as a therapeutic target of CRC.
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Introduction

Colorectal cancer (CRC) is regarded as the third 
most common type of cancer and the fourth 
leading cause of common cancer mortality 
worldwide [1, 2]. CRC mortality rate has shown 
a decreasing trend in the United States, and 
disease-specific mortality rate is approximately 
33% in developed countries [3, 4]. Although 
advances in therapeutic strategies have been 
applied in patients, treatment breakthroughs 
remain insufficient to improve the survival rate 
of patients with advanced disease or metasta-
sis [1]. Therefore, the underlying molecular 
mechanisms of CRC initiation and progression 
should be further investigated to determine 
new biomarkers for diagnosis or development 
of effective and side effect-free treatments.

Nestin is considered as a type VI intermediate 
filament protein, which was originally described 
as a neuronal stem cell marker during central 
nervous system development [5]. Nestin is also 
widely expressed in non-neuronal immature or 
progenitor cells of normal tissues; Nestin 

expression levels are downregulated with cellu-
lar differentiation [6-9]. Nestin has also been 
reported in various types of cell lines estab-
lished from human solid tumors, such as gas-
trointestinal stromal tumors [10], pancreatic 
cancer [11], malignant melanoma [12, 13], 
breast cancer [14], thyroid tumors [15], and 
nasopharyngeal carcinoma [16]. Nestin is 
required for cell migration and invasion of pros-
tate cancer cells [17]. Nestin is also necessary 
to promote cell proliferation of nasopharyngeal 
carcinoma [16] and astrocytoma cells [18]. 
Furthermore, Nestin is associated with 
increased aggressiveness in several tumors in 
the nervous system [19]. Therefore, Nestin is 
closely related to tumorigenesis. However, the 
precise role of Nestin and the relationship 
between Nestin and CRC progression remain 
unknown.

In this study, lentivirus-mediated stable trans-
fection was introduced to CRC cell line SW480 
and HCT116 to downregulate the expression of 
Nestin and to elucidate the role of Nestin in 
CRC. Our results showed that the knockdown of 
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Nestin arrested cell cycle at S phase and inhib-
ited cell proliferation and migration of CRC 
cells. We also detected Nestin upregulation in 
CRC samples. Nestin expression was located in 
stromal cells and small-sized tumor vessel 
endothelial cells of human CRC tissues. These 
findings elucidated that Nestin can be applied 
as a therapeutic marker of CRC because this 
protein elicits inhibitory effects on cell prolifera-
tion and migration.

Materials and methods

Specimens

CRC tissues and adjacent normal tissues were 
collected from the Department of General 
Surgery of the Shanghai 10th People’s Hospital. 
Tissue fragments were immediately frozen in 
liquid nitrogen at the time of surgery and stored 
at -80°C. The pathological type of each colorec-
tal tissue was identified as adenocarcinoma. All 
of the included patients or their guardians pro-
vided written informed consent to use their tis-
sue specimens for medical study. No patient 
received chemotherapy or radiotherapy prior to 
surgery.

Immunohistochemistry 

Primary antibodies against Nestin (1:300  
dilution; Merck, Germany) were used in our 
study, as described in a previous study [16]. In 
brief, tissue sections were treated with xylene 
and graded alcohol and then equilibrated  
in PBS. Antigen was retrieved by microwaving 
the slides for 15-20 min in a buffer containing 
10 mM sodium citrate (pH 6.0). Endogenous 
peroxidase was blocked by incubating the 
slides in methanol containing 3% H2O2 at  
room temperature for 10 min. Nonspecific  
binding was blocked by incubating with nor- 
mal goat serum (Invitrogen, USA) for 30 min  
at room temperature; sections were incuba- 
ted with anti-Nestin antibody (1:300 dilution) 
for 1 h at room temperature. Slides were 
washed several times in PBS; afterward, the 
slides were incubated with biotinylated  
anti-mouse IgG (1:100 dilution) for 30 min  
at room temperature and with peroxidase-
labeled streptavidin (1:200 dilution; Sigma-
Aldrich, USA) for 30 min at room tempera- 
ture. The antigen was visualized through  

Figure 1. Nestin is upregulated in human CRC clinical specimens. (A) Nestin expression was determined through 
qRT-PCR in tissues of patients with CRC compared with adjacent normal tissues. Data are shown as 2-∆∆Ct values 
relative to 18S rRNA expression in box plots. P=0.017 compared with adjacent normal tissues. (B) Representa-
tive immunohistochemistry images showing Nestin expression in (A) adjacent normal tissues and (B) CRC tissues. 
Magnification =200 ×.
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incubation for 10-20 min at room tempera- 
ture with diaminobenzidine tetrahydrochloride 
hydrade according to the manufacturer’s 
instructions.

Cell culture

Human CRC cell lines HCT116 and SW480 cells 
were purchased from the Chinese Academy of 

Figure 2. Relative Nestin expression in SW480 and HCT116 cells infected by shRNA-targeting Nestin. Represen-
tative images of (A) SW480 and (B) HCT116 cells infected with lentiviral-EGFP. mRNA expression of Nestin in (C) 
SW480 and (D) HCT116 cells determined through qRT-PCR. Data are shown as 2-∆∆Ct values standardized to 18Sr-
RNA expression and normalized to 1.0 in shCON-transduced cells. *P<0.05, **P<0.01 compared with shCON. (E) 
Protein levels of Nestin in SW480 and HCT116 cells revealed through Western blot analysis. Data represent at least 
three independent experiments with similar results.
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Sciences (Shanghai, China). HCT116 cells were 
maintained in DMEM/high glucose (Invitrogen) 

supplemented with 10% fetal bovine serum 
(Invitrogen) at 37°C and 5% CO2. SW480 cells 

Figure 3. Knockdown of Nestin suppressed the proliferation and colony-formation ability of CRC cells. MTT analysis 
performed in (A) SW480 and (B) HCT116 cells after a time course of transfection. Data represent mean ± SD from 
three independent experiments. (C-F) Colony-forming efficiency of transfected cells. Representative images of the 
plates used for enumeration of colonies are shown in (C and D) Values of colony-forming efficiency (E and F) repre-
sent the means ± SD of three independent experiments. **P<0.01, ***P<0.001 compared with shCON.
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were cultured in RPMI-1640 (Invitrogen) sup-
plemented with 10% fetal bovine serum 

(Invitrogen) in a humidified incubator at 37°C 
with 5% CO2.

Figure 4. Knockdown of Nestin inhibited CRC cell migration. (A, B) Treated cells were re-plated in serum-free me-
dium layered onto the top chambers and invaded the bottom chamber containing serum-supplemented medium for 
18 h at 37°C. (C, D) Quantification of cell invasion of (A) and (B) by detecting absorbance at 570 nm. Data represent 
at least three independent experiments with similar results.*P<0.05 compared with shCON. (E) Phase-contrast mi-
croscopy images of the same wounded area at 0, 24, and 48 h after scratching. (F) Cell migration quantification of 
(E) was assessed on the basis of the scratch area at 0 h normalized to 24 h or 48 h. Data represent at least three 
independent experiments with similar results.*P<0.05, **P<0.01 compared with shCON.
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Stable infection

HCT116 or SW480 cells were infected with len-
tivirus expressing shRNA targeting Nestin 
(Genchem, China) or its negative control at 
30%-50% confluency to perform stable knock-
down of Nestin. The monoclonal population of 
stably infected cells was selected through limit-
ing dilution assay and positive clone was 
detected through qRT-PCR and Western blot 
analysis.

Quantitative RT-PCR analysis

Total RNA was extracted from tissues and cul-
tured cells by using Trizol Reagent (Invitrogen) 

according to the manufacturer’s instructions. 
Reverse transcription reaction was performed 
using PrimeScript™ RT-PCR kit (TaKaRa, Japan) 
in accordance with the manufacturer’s instruc-
tions. Qualitative RT-PCR (qRT-PCR) was per-
formed using SYBR premix ExTaq (TaKaRa) and 
7900 real-time PCR system (Applied Bio- 
systems, USA) equipped with analytical soft-
ware. The following forward and reverse primer 
pairs were designed for Nestin and 18S rRNA: 
Nestin (forward, 5’-GGAAGAGTCTGACCCTGT-3’; 
reverse, 5’-AGACTAGCGGCATTCCTT-3’) and 
18SrRNA (forward, 5’-CCTGGATACCGCAGCTA- 
GGA-3’; reverse, 5’-GCGGCGCAATACGAATGCC- 
CC-3’). 2-∆∆Ct method for relative quantization 
was used to determine gene expression.

Figure 5. Knockdown of Nestin arrested cell cycle progres-
sion. (A) Transduced cells harvested at 0, 24, and 48 h af-
ter pure cells were cultured in a complete medium; cell cy-
cle distribution in SW480 cells was analyzed through FACS. 
(B) Percentage of transduced cells at S phase. *P<0.05 
compared with shCON.
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Western blot analysis

Infected cells were subjected to Western blot 
analysis with anti-Nestin (1:500 MERCK) and 
actin (1:1500 Santa Cruz, USA) antibodies. 
Cells were harvested and lysed in RIPA buffer 
(Beyotime, China) with protease inhibitor mix-
ture tablet (Roche, USA). Protein (20 μg) was 
processed for 8% SDS-PAGE. Proteins were 
electrophoretically transferred to PVDF mem-
branes (Millipore, USA) and incubated with pri-
mary antibody and then with an HRP-conjugated 
secondary antibody (Santa Cruz). After the 
membranes were washed with TBS, bound anti-
bodies were visualized through enhanced che-
miluminescence (Pierce, USA) and recorded on 
X-ray films.

Cell proliferation assay 

Cell proliferation was determined using an MTT 
assay kit (Sigma) in accordance with the manu-
facturer’s instructions. In brief, treated cells (2 
× 103 cells) were plated into 96-well plates. 
MTT assays were performed at 1 d to 7 d. The 
absorbance of samples was determined using 
a spectrophotometer at 490 nm. Each assay 
was performed in triplicate.

Colony formation assay

Treated cells were seeded in 6-well plates (100 
cells per well) and incubated for 10 d to allow 
colony growth. Colonies were stained with crys-
tal violet; colonies containing 50 or more cells 
were counted. To calculate plating efficiency, 
we divided the average number of colonies per 
dish by the number of plated cells. We also cal-
culated survival fractions by normalizing to the 
plating efficiency of appropriate control groups.

Transwell chamber assay 

In accordance with Transwell chamber instruc-
tions, 5 × 104 shCON or shNES cells were seed-
ed in a Matrigel-coated chamber with 8.0 μM 
pores (Corning Costar, USA). The cells were 
seeded in serum-free medium in the upper 
chamber and translocated to complete growth 
medium for 18 h. The lower compartment of 
the chamber was fixed in 1.5% glutaraldehyde 
for 1 h, stained with 0.1% violet crystal dye for 
15 min, and washed twice with distilled water. 
The stained cells were viewed under a light 
microscope (Olympus, USA). Membrane-binding 

crystal violet was dissolved in 300 μl of 33% 
glacial acetic acid; absorbance at 573 nm was 
determined using a microplate reader.

Wound healing scratch assay

For the wound healing scratch assay, SW480 
cells were seeded in 6-well plates. After 24 h, 
wound was made by scratching a line across 
the bottom of the dish on the monolayer of the 
confluent cells with a sterile p-200 pipette tip. 
The cells were rinsed very gently with PBS and 
then cultivated in the corresponding serum-
deprived medium supplemented with 0.5% 
FBS. The same area of the gap was imaged at 
50 × magnifications by using a microscope 
equipped with a digital camera (Olympus) at 0, 
24, and 48 h after scratching was performed 
and then quantified using Image J software 
(http://rsbweb.nih.gov/ij/). The difference be- 
tween initial and final areas was calculated. 

Cell cycle analysis

Parental and transfected cells in the log phase 
of growth were stained with propidium iodide 
(PI) and examined using a fluorescence-activat-
ed cell sorting (FACS) flow cytometer. DNA his-
tograms were analyzed with modified software. 
shCON and shNES cells were synchronized in 
serum-free medium for 24 h and cultured in 
complete medium with 10 nM of doxorubicin 
for 10 h to examine the effect of Nestin sup-
pression on cell cycle. The cells were harvested 
at 0, 24, and 48 h and analyzed through FACS 
(FACS Caliber II Sorter, BD Biosciences, USA) to 
determine DNA content.

Statistical analysis

Data were presented as mean ± standard devi-
ation (SD) from at least three independent 
experiments. Two-tailed t-test was performed 
to evaluate differences between groups. 
P<0.05 indicated statistically significant 
results.

Results

Nestin was upregulated in human CRC clinical 
specimens

We compared Nestin expression profiles 
between 34 pairs of CRC tissues and matched 
adjacent normal colon tissues. qRT-PCR results 
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revealed that the mRNA expression of Nestin 
was higher in human CRC tissues than in nor-
mal tissues (Figure 1A). Nestin was also 
observed in vascular endothelial cells of small-
sized tumor vessels and stromal cells in human 
CRC tissues but not in adjacent normal colon 
tissues (Figure 1B). These results indicated 
that Nestin was associated with tumorigenesis 
of CRC.

Nestin expression was downregulated by lenti-
virus-mediated shRNA

HCT116 and SW480 cells were infected with 
lentivirus shRNA specifically targeting Nestin to 
knockdown Nestin expression. As a marker of 
lentivirus infection efficiency, a high GFP 
expression was observed in HCT116 and 
SW480 cell lines after these cells were infected 
for 48 h (Figure 2A and 2B). mRNA (Figure 2C 
and 2D) and protein (Figure 2E) levels of Nestin 
also significantly decreased 4 d after infection. 
These results showed that endogenous Nestin 
expression in CRC was effectively downregulat-
ed by lentivirus. 

Knockdown of Nestin suppressed the prolifera-
tion of CRC cells 

MTT and colony formation assays were per-
formed in Nestin-depleted cells to investigate 
the effects of Nestin on CRC cell proliferation. 
The optical density (OD) value (0.695 ± 0.045) 
of Nestin-depleted SW480 cells at 6 d 
decreased by 28.4% compared with the OD 
(0.970 ± 0.046) of control cells (Figure 3A). 
Similar results were observed in HCT116 cells 
(Figure 3B); the OD (0.783 ± 0.071) of Nestin-
depleted cells was significantly lower than the 
OD (1.14 ± 0.098) of the control cells. We also 
found that Nestin depletion significantly sup-
pressed colony-forming efficiency of SW480 
cells (Figure 3C and 3D) and HCT116 cells 
(Figure 3E and 3F). These data indicated that 
Nestin promoted CRC cell proliferation.

Knockdown of Nestin inhibited the migration 
of CRC cells

To investigate the effects of Nestin on the 
migration of CRC cells, we performed a 
Transwell chamber assay and assessed cell 
migration in SW480 and HCT116 cells. We 
found that Nestin knockdown notably reduced 
the migration ability of CRC cells (Figure 4A-D). 

HCT116 cells showed lower migration ability 
than SW480 cells; thus, only SW480 cells were 
subsequently subjected to wound-healing 
scratch assay to determine the effects of 
Nestin on cell migration. Control cells or Nestin-
depleted cells were cultured in a medium with 
10% FBS for 24 h; confluent monolayer of these 
cells was scratched and cultured in a medium 
with 0.5% FBS for 48 h. The same wounded 
area/well was examined through phase-con-
trast microscopy after scratching was per-
formed at 0, 24, and 48 h. The knockdown of 
Nestin significantly inhibited scratch healing in 
SW480 cells (Figure 4E and 4F). These data 
suggested that Nestin could promote CRC cell 
migration. 

Knockdown of Nestin arrested the cell cycle of 
CRC cells

Control and Nestin-depleted cells were har-
vested at 0, 24, and 48 h after pure cells were 
cultured again in a complete medium cell cycle. 
Cell cycle distribution in SW480 cells was then 
analyzed through FACS. Our results showed 
that the population of Nestin-depleted cells 
and control cells at S phase significantly 
increased (43.92% and 25.83% at 24 h and 
28.39% and 18.92% at 48 h) (Figure 5A and 
5B). Therefore, Nestin knockdown arrested 
SW480 cells at S phase, thereby contributing to 
the suppression of cell proliferation.

Discussion

Surgery, radiotherapy, and chemotherapy are 
the main strategies applied to treat CRC. The 
five-year relative survival of patients with CRC 
has reached approximately 65% in high-income 
countries, but remained >50% in low-income 
countries [20-22]. Hence, molecular mecha-
nisms underlying CRC development should be 
investigated for accurate prognosis and treat-
ment response of patients with CRC [23].

In this study, we found average mRNA levels of 
Nestin were higher in CRC tissues than in adja-
cent normal tissues. Increased Nestin expres-
sion was also detected in endothelial cells of 
small-sized tumor vessels and stromal cells. 
This result is consistent with that of Teranishi 
[24]. However, Nestin is not detected in cancer 
cells of human CRC tissues. Studies have also 
demonstrated that Nestin is expressed in newly 
formed small-sized blood vessels in various 
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tumor tissues, including CRC [24], gastric ade-
nocarcinoma [25], glioblastoma [26], pancre-
atic cancer [27], and prostate cancer [28]. This 
finding indicates that Nestin is associated with 
tumor angiogenesis and prognosis of multiple 
human cancers [29, 30]. Therefore, Nestin was 
not detected in cancer cells of CRC tissues. 
Nevertheless, Nestin can be used as a marker 
of CRC diagnosis and prognosis.

Nestin is involved in various tumor progression 
stages, such as cell proliferation, apoptosis, 
migration, and invasion. The knockdown of 
Nestin remarkably decreases migration of 
prostate cancer cells [17, 31], inhibits prolifera-
tion of nasopharyngeal carcinoma [16] and 
lung cancer [32] cells, and arrests G2/M cell 
cycle of nasopharyngeal carcinoma [16]. In the 
present study, Nestin could be detected in CRC 
cell lines SW480 and HCT116. This study is the 
first to demonstrate that lentivirus-mediated 
knockdown of Nestin not only inhibits CRC cell 
proliferation and migration, but also promotes 
CRC cell cycle arrest at S phase. However, fur-
ther studies should be conducted to character-
ize the functions of Nestin in promoting cell 
proliferation and migration.

In conclusion, Nestin can promote cell prolifer-
ation and migration of CRC cells. Nestin exhib-
its abnormally high expression in small-sized 
tumor vessels of endothelial cells and stromal 
cells of CRC tissues. This finding confirms the 
significant role of Nestin in diagnosis and prog-
nosis of CRC. 
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