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Purpose: This study aims to elucidate the biological behavior of Neuritin abnormal expres-

sion in pulmonary vascular endothelial cells (VECs) of non-small cell lung cancer (NSCLC),

and explore its possible underlying mechanisms.

Patients and methods: Primary NSCLC-VECs were isolated from 10 cancer tissues from

NSCLC patients, purified and identified by CD34 and Factor VIII staining. Real-time PCR

and Western-blot were adopted for detecting the expression levels of Neuritin, Notch1, and

VEGFR in NSCLC-VECs and HPMECs. Neuritin-overexpression, Neuritin-knockdown

NSCLC-VECs and HPMECs were constructed by transfection of pcDNA3, 1-Neuritin

vector, and pBS/U6-Neuritin siRNA. Changes in cell proliferation, migration, cell cycle,

and apoptosis were determined by using the MTT assay, scratch assay, transwell migration

assay, and flow cytometry, respectively. Post-transfection changes in cell morphology were

examined by scanning electron microscopy.

Results: The expression of Neuritin in NSCLC-VECs was significantly higher compared to

that in HPMECs (p<0.01). Overexpression of Neuritin increased the expression of VEGFR

while it reduced the expression of Notch1 (p<0.01); it also promoted cell proliferation,

scratch healing, and in vitro migration (p<0.05) in HPMECs and NSCLC-VECs cells.

Additionally, overexpression of Neuritin stimulated cell cycle progression and inhibited

apoptosis in HPMECs and NSCLC-VECs (p<0.001). Under electron microscope, the pseu-

dopodium of cell surface was obvious, indicating that the intercellular adhesion was upre-

gulated. However, knockdown of Neuritin in HPMECs and NSCLC-VECs played exactly the

opposite roles.

Conclusion: Neuritin was key in the progression of NSCLC through its biological activities,

including anti-apoptosis, promoting VEC proliferation, migration, and cell cycle progression.

Neuritin may affect its biological activity by positively regulating VEGFR expression and

negatively regulating Notch1 signaling. Neuritin may serve as a potential biomarker for

NSCLC.
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Introduction
Lung cancer was reported to be one of the most malignant cancers and the leading

cause of cancer-related deaths with the highest morbidity and mortality in the

world1. While non-small cell lung cancer (NSCLC) is the main subtype of lung

cancer, which accounts for 80–85% of the total lung cancer and its incidence has

elevated in recent years.2,3 Furthermore, NSCLC is featured with poor prognosis

and low 5-year survival. A majority of NSCLC patients are in the middle or
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advanced stage and over 50% of the patients present with

metastatic disease at the time of diagnosis.4

The study of related molecular markers, including

VEGF and Notch1, provides new therapeutic targets for

NSCLC.5 Angiogenesis was demonstrated to be crucial in

tumor growth and metastasis which has been widely studied

in the treatment of various cancers.6–8 Anti-angiogenic

therapy has provided novel insights and methods for tar-

geted therapy of multiple tumors. Vascular endothelial

growth factor (VEGF) and its receptors (VEGFR) are

proangiogenic factors which play an important role in

pathological angiogenesis and are closely related to the

occurrence, development, invasion as well as metastasis of

malignant tumors.9,10 In addition, abnormal expression of

Notch signal pathway has already been confirmed to be

connected with various solid tumors including NSCLC.

However, their underlying mechanism remains unclear.11,12

Neuritin, as a neurotrophic factor associated with

neuroplasticity, is highly expressed in many human

tumors.13 It has been shown that Neuritin acted as a

downstream factor for neurotrophins in the nervous

system.14 Besides, it could promote neuronal migration

and neuronal regeneration, inhibit neuronal apoptosis

and consolidate the formation of synaptic circuits.15

According to cancer-related research, it contributes to

stimulating human umbilical vein endothelial cells by

recombining and accelerating endothelial cell migration

as well as angiogenesis in tumor tissue.16 In addition,

Neuritin can be used as a molecular marker for tumor

hypoxia in multiple cancers consisting of muscle tumors

and liver cancer.17 It has also been demonstrated that

Neuritin inhibited Notch signaling.18 Nevertheless, its

role and mechanism of NSCLC has not been reported.

The present study investigated whether Neuritin could

regulate VEGFR and Notch 1 expression and affect its

biologic activities in human NSCLC-vascular endothelial

cells (NSCLC-VECs).

Materials And Methods
Clinical Data Of Patients
Patients who were diagnosed with NSCLC and underwent

surgery at the Department of Lung and Mediastinal

Surgery of the Affiliated Tumor Hospital of Xinjiang

Medical University between September and December

2017 were enrolled in this study. Lung cancer tissues

were collected during surgeries. All patients signed the

informed consent form, and the study was approved and

supervised by the ethics committee of Xinjiang Medical

University.

Isolation, Purification, And Identification

Of NSCLC-VECs
Five to ten fresh lung cancer tissues were repeatedly washed

with PBS to remove the blood and necrotic tissue. Then, the

lung tissues were cut into 0.5 mm × 0.5 mm × 0.5 mm cubes,

homogenized using a glass homogenizer and filtered through

sterile 200 mesh filters. Residual tissues on the filter were

transferred into flasks, digested with 0.2% trypsin at room

temperature for 90min, then to be filtered by sterile 200mesh

filters. Capillary membrane tissues were chosen and placed

in F12 culture medium (JKChem, Shanghai, China) supple-

mented with 100U/mL heparin (EGTA, Beijing, China) and

10% fetal bovine serum (FBS) (Hyclone, Rockford, IL,

USA) and incubated at 37°C with 5% CO2. Culture medium

was replenished frequently until endothelial cells were

sprouted from the tissue. NSCLC-VECs that grew from the

tissues were observed and purified under an inverted micro-

scope. Later, NSCLC-VECs from the second and fourth

passage were identified by CD34 and Factor VIII IHC test

kit (Yansheng, Shanghai, China) following the manufac-

turer’s instructions. PBS was used as a negative control.

Cell Culture
The purified NSCLC-VECs and human pulmonary micro-

vascular endothelial cells (HPMECs, EK-Bioscience,

Shanghai, China) were cultured in 1640 medium contain-

ing 10% FBS (Hyclone, Rockford, IL, USA) in a humidi-

fied atmosphere of 5% CO2 at 37°C. A total of 2–4

generation cells were taken for subsequent experiments.

Real-Time PCR
Total RNA was extracted from NSCLC-VECs and

HPMECs by using TRIzol reagent (Invitrogen, Carlsbad,

CA, USA) as manufacturer’s protocol stipulates. Reverse

transcription kit (TaKaRa, Dalian, China) was applied for

cDNA reversion. The mRNA levels of GAPDH, Neuritin,

VEGF, and Notch1 were measured by quantitative PCR

(qPCR) kit (TaKaRa, Dalian, China) according to the man-

ufacturer’s instructions. PCR conditions were as follows:

initial denaturation at 95°C for 5 mins, 40 cycles of 95°C

for 1 min (denaturing), 55°C for 2 mins (annealing), and

72°C for 1 min (extension), followed by 95°C for 15 s, 60°

C for 1 min, and 95°C for 15 s for melting curve analysis.

Primers are shown in Table 1. Each sample was tested in 4
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replicate wells, and experiments were performed in tripli-

cate. A negative control was included in each experiment to

determine the presence or absence of PCR contamination

and dimers. The PCR reactions were performed in triplicate

and the data were analyzed by 2-ΔΔCt.

Cell Transfection And Morphology

Observation
The eukaryotic pcDNA3.1-Neuritin overexpression plas-

mid, pBS/U6-Neuritin siRNA interference plasmid, and

negative control (NC) plasmid were constructed. Cells

were seeded into 6-well plates one day before transfection.

When cells reached 70–80% confluency, culture medium

was removed and cells were washed once with PBS, fol-

lowed by addition of Opti-MEM culture medium.

Transfection was performed in line with the instructions of

the LipofectamineTM 2000 transfection reagent (Invitrogen,

Carlsbad, CA, USA). After 24–48 hrs of culturing at 37°C,

culture medium was replaced with fresh complete culture

medium containing 2 g/mL puromycin, and cells were

maintained for 3–5 passages until stable transfected cell

lines were obtained. Changes in the morphology of trans-

fected HPMECs and NSCLC-VECs were observed by scan-

ning electron microscope (Oxford, INCA).

MTT Assay
Cells were seeded into 96-well plates at a density of 5×103

cells/well. MTT (5 mg/mL, 100 µL; Aladdin, China) was

added to each well at 24 hrs, 48 hrs, 72 hrs, 96 hrs, or 120

hrs post-seeding, and incubated for 4 hrs at 37°C as Jue Xu

et al described.19 Then, DMSO was added for 30 mins to

dissolve MTT crystals. Optical density (OD) was mea-

sured using a 96-well microplate reader (DNM-9606,

Perlong Medical) at 570 nm. For each group, the mean

OD value of 5 replicate wells was calculated.

Flow Cytometry Analysis
Cells were fixed overnight at 4°C in 70% ice-cold ethanol.

For cell cycle analysis, cells were stained with PI from Cell

cycle kits (Beyotime, China) based on the manufacturer’s

instructions. Cells were analyzed on FACScanAnalytic Flow

Cytometer (BD Bioscience, San Jose, California, USA). Cell

cycle distribution was analyzed by using the Modfit software

(Bio-Rad, Hercules, CA, USA).

For cell apoptosis analysis, cells were fixed and then

stained with Annexin V-FITC from Annexin-V-FITC cell

apoptosis kit (Beyotime, China) and then stained with PI.

Cells were analyzed on a flow cytometer (BD Bioscience).

Cell apoptotic rate was calculated by the ratio of early and

late apoptotic cells to total cells.

Scratch Assay
Cells were seeded into 6-well plates. When cells reached

90% confluency, a vertical line was scratched down the

middle of the well using a 10 µL pipette tip. Culture

medium was removed. Cells were washed 2–3 times in

PBS and then cultured in low serum or serum-free culture

medium. At 48 hrs post-scratch, wound healing was exam-

ined and imaged in each well.

Transwell Migration Assay
Cells were seeded into transwell inserts (Corning, NY,

USA) at 2×104 cells/insert. Subsequently, serum-free cul-

ture medium was added into each insert to a final volume

of 200 µL. Transwell inserts were placed into the wells

(upper chamber) of a 24-well plate, and 600 µL of com-

plete culture medium was supplemented into the upper

chamber. Each group was tested in triplicate. After incu-

bation for 36 hrs, culture medium was detached from each

insert/well, cells were washed 3 times in PBS and fixed in

ice cold 75% ethanol for 30 mins. Upon removal of

ethanol, inserts were air-dried, stained with crystal violet

for 5–10 mins. Excess stain was washed later. Cells that

migrated across the pores to the bottom side of the filter

were visualized under the microscope. Cells in 5 random

fields of view per well were counted. The assay was

repeated 3 times to calculate the mean number of migrated

cells in each group.

Western Blot Analysis
Cells were lysed in RIPA lysis buffer on ice for 30 mins,

centrifuged at 12,000 r/min for 30 min at 4°C, and the

supernatant was collected. The amount of protein was

Table 1 Primer Sequences

Name Of

Primer

Primer Sequence

GAPDH Forward:5ʹ-CATTGGCTACGAATACAGCA-3’

Reverse:5ʹ-AGGGGCAACTGGTCTACATG-3’

Neuritin Forward:5ʹ-ACAGCCCTTACGGATTGCCA-3’

Reverse:5ʹ-GCTGCCGCAGAGTTCGAATAA-3’

VEGF Forward:5ʹ-GCCGCCTCTGTGGAGAATGA-3’

Reverse:5ʹ-ACCCTTTGCTCACTGCCACT-3’

Notch1 Forward:5ʹ-TTCTGCCTGACCTGGACGAC-3’

Reverse:5ʹ-ATCCAGGTGCTGCTGAGTCC-3’
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determined using BCA protein assay kit (Thermo Fisher,

San Jose, CA, USA). Proteins were separated by 12%

SDS-PAGE and transferred onto a PVDF membrane.

Primary antibodies, including anti-Notch1 (sc-376403),

anti-VEGFR (sc-7269), anti-β-actin (sc-58673), and anti-

Neuritin (sc-365538) were purchased from Santa Cruz.

The membrane was washed with TBST lasting 5 mins

for three times, then to be incubated with the secondary

goat anti-Rabbit IgG (1:1000 dilution; Protech, Asia)

marked with HRP for 1 hr under 37°C and washed. The

bands were visualized with an enhanced chemilumines-

cence (ECL) system (Tanon, Shanghai, China), and protein

levels were quantified using Image-Pro Plus 6.0 (Media

Cybernetics, Inc., Rockville, MD, USA).

Statistical Analysis
The experimental results were analyzed by SPSS 19.0

software (IBM Corp., Armonk, NY, USA). Variance ana-

lysis was used after normality analysis and homogeneity

test of variance followed by the Tukey’s Honest

Significant Difference post hoc test. All results were

presented as mean ±SD. All functional assays were per-

formed in triplicate. p<0.05 was considered statistically

significant.

Results
Primary NSCLC-VECs Identification
To identify the isolated cells, two specific markers of

endothelial cells, CD34 and Factor VIII were stained.

Merging images showed that both CD34 and factor VIII

were expressed in the isolated primary NSCLC-VECs

(Figure 1), suggesting that primary cells are purified suc-

cessfully, thus can be used for subsequent experiments.

Neuritin Is Highly Expressed In

NSCLC-VEC Cells
The expression of Neuritin protein and mRNA in NSCLC-

VECs and HPMECs was evaluated by Western blot ana-

lysis and qPCR. In accordance with the result, the Neuritin

expression in NSCLC-VECs was notably higher than that

in normal HPMECs (p<0.01) (Figure 2A and B), revealing

that Neuritin level was upregulated in pulmonary vascular

endothelial cells of NSCLC patients.

Neuritin Promotes VEGFR And Inhibits

Notch1 Expression
To determine the effect of Neuritin on VEGFR and Notch1

expression, Western blot analysis and qPCR were

Figure 1 Identification of NSCLC-VECs. Cells were stained by Hoechst, CD34, and Factor VIII and detected by confocal laser scanning microscopy. Scale bar 20μm.
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performed after Neuritin overexpression or knockdown in

HPMECs and NSCLC-VECs. Our findings showed that

the mRNA and protein of Notch1 were obviously des-

cended (p<0.01) in both HPMECs and NSCLC-VECs by

Neuritin overexpression but markedly ascended when

Neuritin was knocked down (p<0.01) (Figure 2C and D).

Conversely, VEGFR was a vascular regulatory factor

whose expression was opposite to Notch1 (p<0.01)

(Figure 2E and F). These results indicated that Neuritin

negatively regulated Notch1 signaling pathway and had a

positive regulatory effect on VEGFR expression in VECs.

Neuritin Promotes Proliferation And

Migration Of VECs
The effect of Neuritin on cellular behavior of HPMECs

and NSCLC-VECs was determined after Neuritin over-

expression or knockdown. From the results, at 72 hrs

after post-adhesion, cell proliferation (Figure 3A and B),

wound healing (Figure 3C), and cell migration (Figure 3D)

were particularly enhanced in Neuritin overexpressing

cells in contrast with NC (all p<0.05). Whereas, cell pro-

liferation, wound healing, and migration were significantly

suppressed in Neuritin knockdown cells when compared to

the NC group (both p<0.05). Consequently, Neuritin pro-

moted the proliferation and migration of VECs.

Neuritin Affects Cell Cycle Distribution

And Inhibits Apoptosis Of VECs
The cell cycle distribution and apoptosis of HPMEC and

NSCLC-VECs were detected by flow cytometry after

inhibition or overexpression of Neuritin. Knockdown of

Neuritin promoted G0/G1 cell cycle arrest while reduced

S phase cell distribution (Figure 4A–C). On the contrary,

Neuritin overexpression significantly accelerated cell

cycle progression into the G2 phase and S phase

(Figure 4A–C). In addition, apoptosis of HPMECs and

NSCLC-VECs had an obvious rise by Neuritin interfer-

ence but significantly reduced by Neuritin overexpression

Figure 2 Expression level of Neuritin, VEGFR, and Notch1 in HPMEC and NSCLC-VECs cells. (A) The expression level of Neuritin protein in HPMEC and NSCLC-VECs

cells was detected by Western blot. (B) The relative expression level of Neuritin mRNA in HPMEC and NSCLC-VECs cells was detected by qRT-PCR. Compared with

HPMEC, **p<0.01. (C-F) Neuritin was overexpressed or silenced in HPMECs and NSCLC-VECs. Expression of Notch1 protein (C), Notch1 mRNA (E), VEGFR protein

(D), and VEGFR mRNA (F) was detected. Compared with NC group, **p<0.01.
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(all p<0.05) (Figure 4D and E). As a result, Neuritin

overexpression promoted cell cycle progression and

inhibited apoptosis of VECs.

Neuritin Affects Cell Morphology
Scanning electron microscopy analysis indicated that pri-

mary NSCLC-VECs and HPMECs appeared as short spin-

dles. Cells were relatively large, highly refractive with

fewer and shorter filopodia on the cell surface (Figure 5).

Upon Neuritin overexpression, the increased number and

thicker filopodia were observed on the surface of HPMECs

and NSCLC-VECs, with few visible secondary bifurca-

tions and enlarged terminal structures. These results sug-

gested that Neuritin may improve vascular endothelial cell

migration by promoting cell pseudo foot formation and

enhancing intercellular adsorption.

Discussion
Neuritin is mainly expressed in human brain tissues, liver,

and lungs whose regional distribution contributes to its

participation in various biological processes.20 Neuritin

expression is significantly elevated in VECs of tumor,21

such as Kaposi sarcoma and lung cancer. Still, the role and

mechanism of abnormal Neuritin expression in tumor

development and progression remain elusive. Therefore,

our study attempts to examine the level of Neuritin expres-

sion in NSCLC and to determine the effect of dysregulated

Neuritin expression on the biological behavior of VECs,

exploring its possible potential mechanism of action.

Yuan et al found that the rate of strong Neuritin expres-

sion in gastric cancer tissues (82.76%) was notably upre-

gulated in comparison with that in the adjacent normal

tissues, which was consistent with the results found in

lung cancer, colon cancer, prostate cancer, glioblastoma,

and other solid tumors.16,22,23 According to the previous

study results, it is reasonable to speculate that Neuritin

expression might be associated with NSCLC-VECs.

Consequently, the expression of Neuritin protein and

mRNA in NSCLC-VECs and HPMECs was evaluated by

Western blot analysis and qPCR. As expected, the Neuritin

protein was highly expressed in NSCLC-VECs, suggesting

that Neuritin may play a role in NSCLC development and

Figure 3 Neuritin promoted the proliferation and in vitro migration ability of HPMECs and NSCLC-VECs. Neuritin was overexpressed or silenced in HPMECs and NSCLC-

VECs. (A) Cell proliferation of HPMECs was detected with MTT. (B) Cell proliferation of NSCLC-VECs was detected. (C) Wound healing of HPMECs and NSCLC-VECs.

(D) Changes in migration of HPMECs and NSCLC-VECs. Compared with NC group, *p<0.05, **p<0.01.
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progression. It has been shown that Neuritin overexpres-

sion correlated positively with the malignancy of

astrocytoma as reflected in promoting proliferation and

inhibiting apoptosis.23 Consistent with this previous

Figure 4 Neuritin regulated cell cycle and cell apoptosis in HPMECs and NSCLC-VECs. Neuritin was overexpressed or silenced in HPMECs and NSCLC-VECs. (A) Cell

cycle distribution of HPMECs and NSCLC-VECs was analyzed by flow cytometry. (B and C) Cell cycle distribution was calculated. (D and E) Cell apoptosis was analyzed in

HPMECs and NSCLC-VECs by flow cytometry. Compared with NC group, *p<0.05, **p<0.01, ***p<0.001.

Figure 5 Changes in HPMEC and NSCLC-VEC morphology following Neuritin knockdown/overexpression as detected by scanning electron microscopy.
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research, our study found that Neuritin significantly

enhanced proliferative activity, wound healing and migra-

tion abilities of VECs, and reduced cell apoptosis. To the

best of our knowledge, handful research exhibited the

relation between the expression of Neuritin and the cell

cycle. While we found that Neuritin overexpression pro-

moted cell cycle progression of VECs, as indicated by

increased transition from the G1 phase to the S phase.

Moreover, further confirmation by knocking down

Neuritin suggested that Neuritin may be critical in tumor-

igenesis and progression of NSCLC by its biologic activ-

ities. However, the mechanism of action of Neuritin

regulation in NSCLC-VEC is not clear.

VEGFR is an important regulator of tumor angiogen-

esis, activation of multiple intracellular signaling mole-

cules can promote VEGFR signal transduction from the

cell membrane, Tyr951 phosphorylation, and intracellular

NO release, which facilitate VEC proliferation, migration,

and angiogenesis of many tumors under hypoxic condi-

tion, resulting in the development, progression, invasion,

and metastasis of malignant tumors.24,25 However, it is

unclear whether the upregulation of VEGFR expression

is synergistic with Neuritin. In addition, Neuritin protein is

a negative regulator of Notch signaling pathway, and

Notch signaling pathway and its associated receptor

Notch1 are highly conserved cellular components.26 The

Notch1 signaling pathway has also been shown to be

closely related to the various biological processes of

VECs in angiogenesis studies.27 Wang et al28 in earlier

study demonstrated that knockdown of Notch-1 can effec-

tively inhibit the growth and proliferation of colorectal

cancer cells HT29, arrest the cell cycle at G1 phase, and

promote apoptosis. Sha et al proved that curcumin-induced

G0/G1 arrest and apoptosis in prostate cancer DU-145

cells by downregulating Notch signaling.29 Nevertheless,

the activation of Notch-1 could lead to reactive astrogliosis

after Intracerebral Hemorrhage.30 To better understand the

role of Neuritin in VEGFR and Notch 1, VEGFR and

Notch1 expression were assessed after Neuritin overex-

pression or knockdown in HPMECs and NSCLC-VECs.

In the current study, overexpression of Neuritin upregu-

lated VEGFR and downregulated Notch 1 expression.

Hence, we considered that Neuritin might affect its biolo-

gical activity by positively regulating VEGFR expression

and negatively regulating Notch 1 signaling pathway.

Finally, scanning electron microscopy examination

demonstrated that Neuritin may also alter EC morphology

to promote the biological function of cells during

tumorigenesis.

Conclusion
In summary, differences of Neuritin expression detected in

NSCLC-VECs and HPMEC cells suggest that Neuritin is

associated with tumor angiogenesis. Neuritin may play a

key role in the development and progression of NSCLC

through its biological activities, including anti-apoptosis,

promotion of VEC proliferation, migration, and cell cycle

progression. In terms of potential molecular mechanisms,

Neuritin may affect its biological activity by positively

regulating VEGFR expression and negatively regulating

Notch1 signaling. Neuritin may be a valuable biomarker

for molecular diagnosis of NSCLC and can be severed as a

potential target for the treatment of NSCLC. Further stu-

dies are needed in order to gain insight into the diagnostic

and therapeutic efficiency of Neuritin in NSCLC.
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