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Abstract: Lung cancer is currently the leading cause of cancer-related death worldwide and it is important to iden-
tify the predictive and/or prognostic markers for the cancer. Nestin, a proliferative and multipotent biomarker has 
been reported to be associated with prognosis in non-small cell lung cancer (NSCLC) in a few studies. In the pres-
ent study, we retrospectively recruited 153 patients with NSCLC. Nestin protein expression in tumor samples was 
determined by immunohistochemistry staining. Nestin expression was related with tumor differentiation (P=0.036), 
lymphatic metastasis (N stage, P=0.011), and p-TNM stage (P=0.013), while there was no significant association 
between Nestin expression level and age, smoking habits, gender, histologic type, and T stage. Nestin was an inde-
pendent prognostic factor for overall survival in NSCLC with an adjusted hazard ratio of 2.701 (95% CI, 1.616-4.513, 
P<0.001) after controlling the confounding factors. Then we determined the effects of Nestin on cell proliferation, 
colony formation, invasion, and apoptosis by knockout of Nestin with a new developed method, CRISPR/Cas9 me-
diated genome editing. It was observed that knockout of Nestin caused enhancement of cancer cell apoptosis 
and inhibition of cell proliferation, colony formation, and invasion in A549 and H1299 cell lines. Furthermore, we 
examined the expression of epithelial-mesenchymal transition (EMT) related biomarkers such as E-cadherin and 
Vimentin in Nestin-depleted lung cancer cells and knockout of Nestin was found to inhibit EMT, suggesting the 
involvement of Nestin mediated EMT signaling in lung cancer. The finding above demonstrated that Nestin might 
serve as a prognostic factor and therapeutic target in NSCLCs.
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Introduction

Lung cancer is the leading cause of cancer 
death worldwide [1]. The non-small cell lung 
cancer (NSCLC), approximately 80% of all lung 
cancer cases, are further divided into adeno-
carcinoma (ADC), squamous cell carcinoma 
(SCC), and large cell carcinoma (LCC) [2]. Des- 
pite the advance of treatments including new 
chemotherapeutic agents introduction and sur-
gical techniques improvement, the prognosis  
of NSCLC is still very low with only 15% patient 
survival at 5 years after diagnosis [3]. Thus the 
identification of predictive and/or prognostic 
markers is important to stratify patients with 
resected NSCLCs and to select high-risk pa- 

tients who should receive aggressive adjuvant 
chemotherapy.

Nestin is a member of the intermediate fila-
ment (IF) family and serves as a potential pro- 
liferative and multipotent marker in progenitor 
and stem cells of the developing central ner-
vous system (CNS) [4, 5]. It is expressed in the 
dividing cells of CNS and myogenic tissues  
during the early stages of development. Then 
its expression becomes rapidly downregulated 
and is replaced by tissue-specific intermediate 
filaments upon differentiation [6, 7]. In recent 
years, it is identified to be expressed in epithe-
lial tumors and linked malignant characteristics 
and poor prognosis in pancreatic cancer, pros-
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tate cancer, breast cancer, and lung cancer 
[8-12]. Nestin also has an anti-apoptotic func-
tion through inhibiting caspase activation [13]. 

In our latest research, we performed a system-
atic review and meta-analysis to clarify the  
correlations of Nestin expression with clinico-
pathologic features and prognosis in NSCLCs 
and found that Nestin high/positive expression 
was significantly associated with lymph node 
matastasis, TNM stage, and overall survival 
(OS) [14]. However, the included study number 
was very small (n=6) due to rare related stud-
ies, indicating more clinical evidence should be 
provided. Although a few in vitro studies have 
suggested that Nestin could promote cell prolif-
eration in both NSCLC and small cell lung can-
cer (SCLC) cells and upregulated cell invasion in 
NSCLC cells, additional underlying mechanisms 
need to be investigated, especially for the ef- 
fects of Nestin of cell invasion and migration 
[15-17].

Here, we retrospectively recruited 156 patients 
with NSCLC and determined the associations 
of Nestin expression with clinicopathologic fea-
tures and OS. And we verified the role of Nestin 
in cell proliferation and invasion by knockout of 
Nestin in lung cancer cells with CRISPR/Cas9 
mediated genome editing method. Furthermore, 
we have examined the regulation of epithelial-
mesenchymal transition (EMT) related genes to 
reveal underlying mechanism of Nestin involved 
in cell invasion. 

Materials and methods

Patients and tissue samples

156 patients with non-small cell lung cancer 
underwent surgery at Qilu Hospital of Shan- 
dong University in Jinan (China) and Shandong 
Cancer Hospital Affiliated to Shandong Univer- 
sity from April 2000 to December 2010. After 
surgery, these patients were followed up for  
3.2 to 109.3 months with a median follow up  
of 60.2 months. All patients were pathological- 
ly confirmed and their Formalin-Fixed and Par- 
rffin-Embedded (FFPE) cancer tissue samples 
were collected. The clinical characteristics of 
patients including age, sex, smoking habits, 
histologic grade, invasion depth (T stage), lym- 
ph node metastasis (N stage), distant metasta-
sis (M stage), and differentiation were obtain- 
ed from clinical or pathological records. The 
tumor, node, metastasis (TNM) classification 

was performed according to the American Joint 
Committee on Cancer staging manual (7th edi-
tion, 2010). The study protocol was approved 
by the ethics boards of Qilu Hospital of Shan- 
dong University and Shandong Cancer Hospi- 
tal Affiliated to Shandong University, and tissue 
specimen acquisition was performed in accor-
dance with the institutional guidelines. 

Immunohistochemistry staining

All the FFPE cancer tissue specimens were seri-
ally sectioned at 5 μm in thickness. Tissue sec-
tions were deparaffinized in xylene and hydrat-
ed in graded ethanol. Then the sections were 
incubated in 3% hydrogen peroxide at room 
temperature for 5 to 10 minutes to eliminate 
endogenous peroxidase activity. After that they 
were heated in 10 mM citrate buffer (pH 6.0)  
for antigen retrieval. Goat serum was used to 
block the nonspecific binding. Then the slides 
were incubated with primary antibody (Nestin, 
1:150, BD Biosciences) over night at 4°C fol-
lowed by washing and incubation with second-
ary antibodies for 30 min at 37°C. The sections 
were next incubated with avidin-biotin complex 
for 60 min at 37°C and diaminobenzidine (DAB, 
ZLI-9032, ZSGB, Beijing, China) was added to 
develop peroxidase activity. PBS instead of the 
primary antibodies was used as negative con-
trols. To evaluate the immunostaining intensity, 
the sections were observed under a light mi- 
croscope and scored by three independent in- 
vestigators. Conflicting scores were resolved  
by selecting the value that was consistent be- 
tween two observers or the average of the 
scores. The final score was determined by mul-
tiplying the staining intensity (scored as: 0, no 
staining; 1, weak staining; 2, moderate staining 
and 3, strong staining) by the percentage  
of positive cells (scored as: 0, 0-10% positive 
cells; 1, 10-25% positive cells; 2, 26-50% po- 
sitive cells; 3, 51-75% positive cells; and 4, 76- 
100% positive cells). The expression of Nestin 
was divided into low expression group and high 
expression group by the cut-off value (final 
score, 4) obtained from X-title software accord-
ing clinical outcomes [18]. 

Cell culture

Human A549 and H1299 cells were cultured in 
Roswell Park Memorial Institute (RPMI) medi-
um 1640 (Gibco) supplemented with 10% (vol/
vol) FBS, 100 U/mL penicillin, and 100 μg/mL 
streptomycin, and incubated at 37°C in a hu- 
midified atmosphere containing 5% CO2.
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Knockout of Nestin gene by CRISPR/Cas9-
mediated genome editing 

Target sequences for CRISPR interference were 
designed at CRISPR direct (http://crispr.dbcls.
jp/) which was provided by the Database Cen- 
ter for Life Science (Chiba, Japan). The target 
sequences for human Nestin are Sg1+: CCTA- 
CAGAGCCAGATCGCTC. Two complementary oli-
gonucleotides with BpiI restriction sites for 
guide RNAs (gRNAs) were synthesized and 
cloned into pX459 CRISPR/Cas9-Puro vector 
(Addgene, Cambridge, MA) deposited by the 
Feng Zhang Lab. A549 or H1299 cells were 
transfected with pX459-gRNA using Lipofec- 
tamine 2000 (Life Technologies, Carlsbad, CA) 
according to the manufacturer’s instructions. 
After transfection, these cells were selected 
with 2 μg/ml of puromycin for two days and 
then reseeded at 500 cells per well of a 96- 
well plate. Expressions of Nestin of the ex- 
panded colonies were detected by immuno- 
blotting to select the Nestin knockout colo- 
nies. The genome sequences of the edited 
locus in selected colonies were confirmed by 
sequencing. 

Western blotting

Cells were lysed by RIPA Lysis Buffer (50 mM 
Tris, 150 mM NaCl, 1% Triton X-100, 1% so- 
dium deoxycholate, 0.1% SDS, sodium ortho- 
vanadate, sodium fluoride, EDTA, leupeptin) 
and PMSF (Phenylmethanesulfonyl fluoride, 
Beyotime, China) and proteins were extracted. 
The extracts were separated by SDS-PAGE  
gel electrophoresis, transferred to polyviny- 
lidenedifluoride membrane, blocked with 5% 
non-fat dry milk, and incubated with primary 
antibodies (Nestin, 1:1000, BD Biosciences; 
vimentin and E-cadherin, 1:1000, DAKO; β- 
actin antibody, 1:1000, Abcam, Cambridge, 
MA, USA) overnight at 4°C. Then, horseradish 
peroxidase-conjugated secondary antibodies 
were added. Bands were subsequently visual-
ized using a chemiluminescence detection  
system (EMD Millipore, Billerica, MA, USA)  
and density was determined using an image 
analyzer.

CCK8 assay

The proliferation of A549 and H1299 cells  
was detected using 2-(4-indophenyl)-3-(4-nitro- 
phenyl)-5-(2,4-disulphophenyl)-2Htetrazolium 

monosodium salt (cell counting kit-8 (CCK8)). 
After knockout of Nestin, the cells were seed- 
ed in 96-well plates at a cell density of 5 ×  
104/well and incubated for 0, 24, 48, and 72 h. 
At different time intervals, the cells were incu-
bated with CCK8 reagent for 1 h at 37°C. The 
absorbance of each well was measured at 450 
nm using Thermo Scientific Varioskan Flash 
(Thermo Scientific, Finland) and percentage  
of viable cells were calculated. 

Clonogenic assay

Nestin depleted A549 or H1299 cells were 
treated with Trypsin to generate a single cell 
suspension and seeded in 6-well plates at 500 
cells per well. 14 days after seeding, colonies 
were stained with crystal violet, and the num-
ber of colonies containing at least 50 cells  
was counted and the colony survival fraction 
was calculated. 

Transwell invasion assay

The transwell membrane (8-mm pore size, 
6.5-mmdiameter, Corning Costar) was coated 
with Matrigel (BD Biosciences). Nestin-depleted 
A549 or H1299 cells were resuspended in 
serum-free medium and added to the upper 
chamber of precoated transwells at a density  
of 2.0 × 105/ml. The lower chamber contained 
normal medium with 10% FBS. After incubation 
for 24 h, a cottontipped swab was used to swab 
the cells on the upper chamber. The invasive 
cells, which were attached to the lower sur- 
face of the membrane, were fixed with me- 
thanol and stained with 0.1% Crystal violet 
(Sigma). Then the number of the invasive cells 
(5 fields per filter) was counted under an in- 
verted microscope.

Apoptosis analysis by FACS

A549 and H1299 cells were plated at a  
density of 1 × 106 cells/well in six-well plates 
overnight. Media were removed and cells were 
incubated with CRISPR-Nestin at a multipli- 
city of infection of 30 of A549 or MOI=10 of 
H1299, or control with PBS in 5 ml media for  
2 h, after which 10 ml media was added. After 
72 h, harvested cells were trypsinized, washed 
with PBS and apoptosis analysis was perform- 
ed with the Annexin V-FITC apoptosis detection 
kit and then analyzed by flow cytometry (both 
from BD Biosciences, San Jose, CA, USA).
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Table 1. Basal characteristics of the patients 
and correlations of Nestin with clinicopatho-
logic features
Clinical  
features Total

Nestin expression
P-value

Low High
Age 0.128 
    <60 83 60 23
    ≥60 70 58 12
Smoke 0.562 
    Yes 90 71 19
    No 63 47 16
Gender 0.677 
    Male 106 83 23
    Female 47 35 12
Histology 0.918 
    ADC 66 51 15
    SCC 64 50 14
    Others 23 17 6
Differentiation 0.036 
    Poor 47 39 8
    Moderate 85 60 25
    Well 21 19 1
T stage 0.098 
    T1 39 34 5
    T2 90 65 25
    T3 13 12 1
    T4 11 7 4
N stage 0.011 
    N0 94 78 16
    N1 25 21 4
    N2 32 18 14
    N3 2 1 1
p-TNM stage 0.013
    I 74 62 12
    II 35 29 6
    III 44 27 17
Outcome <0.001
    Alive 81 74 7
    Death 68 40 28
    Lost follow-up 4 4 0

Statistical analysis

All statistical analyses were performed with  
the SPSS 19.0 software (SPSS, Chicago, IL). 
Correlations between Nestin and clinicopatho-
logical factors were evaluated by the chi-square 
test. The Kaplan-Meier method was used to 
calculate the survival curves, and the log-rank 
test was used to compare the survival differ-

ence between patient subgroups according to 
Nestin expression. Univariate and multivariate 
Cox regression analyses were performed to 
investigate the prognostic value of Nestin ex- 
pression in overall survival. Difference of CC- 
K8 index, colony formation, apoptosis, and cell 
invasion between Nestin-depleted group and 
control group were compared with Student’s 
t-test. Pearson and Spearman tests were per-
formed to analyze the mRNA correlations of 
Nestin with EMT biomarkers in database TCGA 
and correlation coefficient r was used to indi-
cate correlation degrees. Two-sided P value 
<0.05 was considered statistically significant.

Results

Patient characteristics

The clinicopathologic characteristics of 153 
patients were summarized in Table 1. Of the 
patients, 106 were male and 47 were female 
with a median age of 59 (29-88) years. 90 
patients had smoking habit. There were 66 
ADC, 64 SCC, and 23 other NSCLCs including 
mixed type of ADC and SCC, large cell neuro- 
endocrine carcinomas, and large cell carcino-
mas. 21 cases were well-differentiated, 85 
cases were moderate-differentiated, and 47 
cases were poor-differentiated. According to 
TNM classification, the patients with stage I, II, 
and III NSCLCs were 74, 35, and 44, respec-
tively. The overall follow-up durations ranged 
from 3.2 to 109.3 months (median, 62 months). 
A total of 81 patients were alive at the end  
of the follow-up, 68 patients died of lung can-
cer, and four patients were lost to follow-up.

Correlations of Nestin expression with clinico-
pathologic characteristics

Nestin expression in tumor samples were de- 
termined by immunohistochemistry, the stain-
ing intensity and the percentage of positive 
cells were evaluated and their products were 
used to indicate Nestin expression (Figure 1). 
With the aid of the software X-title, the cut- 
off value of Nestin expression was calculated 
according to the clinical outcomes and the 
expression of Nestin was divided into low ex- 
pression group and high expression group. 118 
patients were Nestin low expression and 35 
patients were high expression. Then the cor- 
relations of Nestin expression with clinicopath-
ological characteristics were analyzed. As sh- 
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own in Table 1, Nestin expression was related 
with tumor differentiation (P=0.036), lymphatic 
metastasis (N stage, P=0.011), and p-TNM 
stage (P=0.013), while it did not correlated with 
age, smoking habits, gender, histological can-
cer type, and T stage.

sion, and apoptosis

To reveal the role of Nestin in lung cancer, we 
used CRISPR/Cas9 directed gene editing to 
knockout Nestin expression in human lung  
cancer cell lines, A549 and H1299, and deter-

Figure 1. Immunohistochemical stain analysis of Nestin expression in non-
small cell lung cancer (NSCLC, 400 ×). Note: Arrow, Nestin expression.

Figure 2. Cumulative survival of 
patients with NSCLC according to 
Nestin expression estimated by the 
Kaplan-Meier analysis. A. For all pa-
tients. B. For patients with stage I 
cancer. C. For patients with stage II/
III cancer. All other causes of death 
and lost to follow-up were treated as 
censored cases.

High Nestin expression was 
associated with poor progno-
sis in NSCLC patients

To investigate the effects of 
Nestin expression on progno-
sis in NSCLC patients, Kaplan-
Meier analysis was firstly per-
formed. As shown in Figure 2, 
the cumulative overall surviv-
al probability of the patients 
with high Nestin expression 
was lower than those with low 
Nestin expression in whole 
cohort (P<0.001, Figure 2A). 
Furthermore, the association 
of high Nestin expression with 
poor prognosis was also ob- 
served in the patients with 
stage I cancers or stage II/III 
cancers (Figure 2B, 2C). Then, 
a Cox proportional hazards 
model was applied to esti-
mate the effect of Nestin 
expression on overall survi- 
val. Nestin high expression 
increased the hazard of lung 
cancer related death by six 
times than that of Nestin low 
expression (HR, 6.069; 95% 
CI, 2.805-13.132; P<0.001, 
Table 2). In addition, the clini-
copathologic features includ-
ing smoking habits, differen- 
tiation, T stage, and N stage 
were significantly associated 
with overall survival in NSCLC 
in Univariate analysis. After 
controlling these clinicopa- 
thological features, the adju- 
sted HR of Nestin high ex- 
pression was 2.701 (95% CI, 
1.615-4.516) compared with 
Nestin low expression, sug-
gesting Nestin was an inde-
pendent risk factor for poorer 
survival. 

Knockout of Nestin altered 
cancer cell proliferation, inva-
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mined the effects of Nestin on cell prolifera-
tion, apoptosis, and invasion. In the CCK8 as- 
says, knockout of Nestin inhibited cell growth  
in both A549 and H1299 cells (Figure 3A). 
Knockout of Nestin also resulted in prominent 
decrease in colony-forming ability and invasion 
in A549 and H1299 cells (colony formation, 
0.43% to 0.20% and 0.52% to 0.27%; invasion, 
167.00 to 63.00 and 120.67 to 61.67; Figures 
3B and 4A). On the other hand, an increase in 
cell apoptosis was observed in Nestin-depleted 
A549 and H1299 cells (7.40% to 16.77% and 
6.27% to 15.87%, Figure 4B). The results were 

Discussion

In the present study, we analyzed the correla-
tion of Nestin expression with clinicopathologi-
cal features and overall survival in 156 resect-
ed NSCLC patients. The results demonstrated 
that Nestin expression was related with tumor 
differentiation, lymphatic metastasis. Survival 
analysis showed that high Nestin expression 
was an independent prognostic factor for poor 
survival in NSCLC. To investigate the underlying 
mechanisms of Nestin involved in NSCLC, we 
also revealed the effects of Nestin on cell prolif-

Table 2. Univariate and multivariate analyses of Nestin in prognosis of 
NSCLCs

Parameters
Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value
Age 1.113 0.694-1.785 0.658
Smoke 0.616 0.382-0.992 0.046 1.822 1.093-3.039 0.022
Gender 0.760 0.462-1.249 0.279
Histology 1.013 0.727-1.411 0.939
Differentiation 3.534 1.282-9.709 0.015 3.097 1.101-8.711 0.032
T stage 1.968 1.055-3.673 0.033 1.796 0.942-3.425 0.075
N stage 2.455 1.521-3.962 <0.001 1.981 1.215-3.228 0.006
Nestin 6.069 2.805-13.132 <0.001 2.701 1.616-4.513 <0.001

Figure 3. Effect of Nestin on lung cancer cell growth and colony formation. 
A. Cell growth after Nestin depletion was analyzed by CCK8 assay in A549 
and H1299 cells. B. Cell colony formation after Nestin depletion was ana-
lyzed by crystal violet staining. *, **, and ***indicate P<0.05, P<0.01, and 
P<0.001, respectively.

consistent with our clini-
cal outcomes that high 
expression of Nestin was 
associated with poor 
prognosis in NSCLC and 
the previous reports. Gi- 
ven that a few studies 
have explored the under-
lying mechanism of Nes- 
tin regulating cell prolif-
eration, here, we focus- 
ed how Nestin modulat-
ed cell invasion in NSC- 
LC cells. 

We hypothesized that Nestin 
might promote cell invasion 
via regulating the express- 
ion of epithelial-mesenchy- 
mal transition (EMT) pathway 
related genes. Then we exam-
ined the effects of Nestin on 
EMT related biomarkers in 
Nestin depleted cells and  
the results suggested that, 
after knockout of Nestin, E- 
cadherin expression was in- 
creased whereas Vimentin ex- 
pression was inhibited (Fig- 
ure 4C). To verify the con- 
clusion, Nestin and EMT bio-
markers mRNA expression 
profile from 1124 patients 
with NSCLCs were download-
ed from online database, TC- 
GA, and association analysis 
suggested Nestin was corre-
lated with some EMT biomark-
ers, especially Vimentin and 
transcription factors, Zeb1 
and ETS1 (Table 3).
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Figure 4. Effects of Nestin on cell apoptosis, invasion, and expression of biomarkers related to epithelial-mesen-
chymal transition (EMT) in lung cancer cells. Cell apoptosis (A) and cell invasion (B) were analyzed by FACS and 
transwell assay, respectively, after knockout of Nestin in A549 and H1299 cells. (C) Expression of Nestin and EMT 
biomarkers, E-cad and Vimentin, in Nestin-depleted A549 and H1299 cells were examined by western blotting. 
***indicate P<0.001.
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eration, apoptosis, and invasion by knockout of 
Nestin with CRISPR/Cas9 method. 

Up to now, there were only six studies that 
explored the potential correlations of Nestin 
protein expression with clinicopathologic para- 
meters and prognosis in NSCLC. We summa-
rized these studies in a recent meta-analy- 
sis and found Nestin high/positive expression 
was significantly associated with lymph node 
matastasis, TNM stage, and overall survival 
(OS) in NSCLC [14]. Another meta-analysis also 
revealed that the associations of Nestin pro- 
tein expression with lymph node metastasis 
and TNM stage in regardless of cancer types 
[19]. Consistent with these results, we also 
identified the associations between Nestin ex- 
pression and lymphatic metastasis and p-TNM 
stage in NSCLC. For the overall survival, sub-
groups stratified by p-TNM stage were also  
performed and the results among patients  
with stage I cancer and stage II-IV cancer were 
consistent. 

For the molecular function of Nestin in lung 
cancer, we found that knockout of Nestin by 
CRISPR inhibited cell proliferation, colony for-
mation ability, and invasion in lung cancer cell 
lines A549 and H1299, the results were simi- 
lar with the previous reports in NSCLC cells in 
vitro [15-17]. Further, we also determined the 
effects of Nestin on cell apoptosis and this  

was the first time to report the apoptosis in- 
crease after downregulation of Nestin in NSC- 
LC. A few studies have demonstrated some 
underlying mechanisms of Nestin in regulating 
lung cancer cell phenotype. Chen et al. report-
ed that Nestin can promote AKT-GSK3b-Rb  
signaling pathway to increase cell cycle pro-
gression phosphorylation allowing the expres-
sion of genes necessary to enter the S phase  
in cell cycle [15]. In this pathway, Nestin aber-
rant expression increases AKT phosphorylation 
leading to the phosphorylation of GSK3b and 
Rb [20-22]. In the present study, to reveal the 
mechanisms of Nestin contributing to cell in- 
vasion, we evaluated the change of epithe- 
lial mesenchymal transition (EMT) related bio-
markers, E-cadherin and Vimentin after Nestin 
depletion and found that Nestin depletion in- 
creased E-cadherin expression while inhibited 
Vimentin, suggesting Nestin modulated EMT to 
promote cell invasion, resulting in lung cancer 
tumor metastasis. The analysis of the TCGA 
mRNA profile consisting of 1124 NSCLC can- 
cer also suggested that levels of Nestin mRNA 
expression were correlated with the changes  
of the mRNA expression of EMT biomarkers. In 
addition, Nestin was known as one of the mar- 
ker for cancer stem cells (CSCs), which were 
defined as a subpopulation that can self-renew 
and maintain than tumor presence and resis-
tant to radiation and chemotherapy [23-25]. 
Regard of the involvement of Nestin in EMT  
in lung cancer, it might maintain cancer stem 
cell state partly via inducing continuous EMT 
signals, consistent with the recent findings in 
Anaplastic thyroid carcinoma [26].

Currently, little is known regarding the mecha-
nism of expression of Nestin in cancers, espe-
cially in lung cancer. It has been reported that 
the in vivo transcription of Nestin is upregu- 
lated by the thyroid transcription factor gene  
1 (TTF-1), which plays a significant role in the 
development of small cell lung cancer [27, 28]. 
In addition, Watkins et al. have reported that 
Nestin was decreased by inhibition of Hedgehog 
(Hh) signaling in an SCLC cell line and this sig-
naling known as crucial for the regulation of NE 
features and the survival of SCLC [29, 30]. And 
Narita et al. found that inhibition of Akt and 
p-Akt by Akt inhibitor IV resulted in downregula-
tion of Nestin in lung adenocarcinoma cells 
[17].

Table 3. Correlation of Nestin with EMT biomark-
ers at the transcription level in NSCLC from TCGA 
database
EMT  
biomarkers

Pearson Spearman
r P-value r P-value

Claudin -0.2885 <0.001 -0.2799 <0.001
Twist1 -0.1586 <0.001 -0.1667 <0.001
E-cad -0.1557 <0.001 -0.1874 <0.001
Slug -0.08256 0.006 -0.08302 0.005
LEF1 -0.04169 0.163 -0.04387 0.142
β-catenin 0.1195 <0.001 0.1249 <0.001
N-cad 0.1253 <0.001 0.1344 <0.001
Occludin 0.1851 <0.001 0.2106 <0.001
α-catenin 0.2573 <0.001 0.261 <0.001
Snail 0.3572 <0.001 0.3466 <0.001
ZO-1 0.3879 <0.001 0.3574 <0.001
Vim 0.5057 <0.001 0.5129 <0.001
Zeb1 0.5244 <0.001 0.5007 <0.001
ETS1 0.5278 <0.001 0.5243 <0.001
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Some shortcomings still existed in our study. 
Firstly, prognostic value of Nestin in lung can-
cer should be estimated in more clinical sam-
ple and research centers. Secondly, all though 
we verified the effects of Nestin on EMT bio-
markers, E-cad and Vim, in vitro and the corre-
lations of Nestin with EMT biomarkers in 1124 
patients mRNA profile from TCGA database, 
detailed mechanisms that how Nestin modu-
lated EMT biomarker expression had not been 
investigated. Thirdly, as Nestin was a biomarker 
of CSCs, crosstalk between the signaling of 
CSC and EMT might be involved in the develop-
ment in lung cancer and should be explored in 
the future.  

In summary, we found that Nestin was an inde-
pendent prognostic factor for overall survival  
in NSCLC after retrospective analysis of 156 
patients underwent surgery. In vitro experi-
ments suggested that knockout of Nestin  
with CRISPR/Cas9 mediated genome editing 
caused enhancement of cancer cell apoptosis 
and inhibition of cell proliferation, colony for- 
mation, and invasion in lung cancer cells. Fur- 
thermore, mechanism research revealed that 
Nestin might regulate that cell process by me- 
diating EMT signaling in lung cancer. All the  
evident above demonstrated that Nestin might 
serve as a prognostic factor and therapeutic 
target in NSCLCs. 
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