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Construction of differential expression plasmids of NGF to
detect its influence on PC12 cell neuronal differentiation
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Abstract. Alongside angiogenesis and lymphangiogenesis,
neurogenesis also occurs within the cancer microenviron-
ment. Neurogenesis is a complex process involving multiple
factors, among which nerve growth factor (NGF) possesses
the dual biological roles of neuron nutrition and axon growth
promotion. Thus, NGF might be a key molecule involved in
regulating cancer-related neurogenesis, which could play a
crucial role in the signal transmission system that controls
nerve growth in tumors, and enhances the abilities of migra-
tion, invasion and metastasis of tumor cells. The present study
aimed to construct differential expression plasmids of NGF, in
order to detect whether NGF has a vital role in neurogenesis
in breast cancer cells. In the present study, 92 clinical cases
of breast cancer were collected and immunohistochemical
analysis was performed to verify the existence of neurons in
the breast cancer microenvironment. Furthermore, recombi-
nant NGF lentiviral overexpression, knockout and silencing
plasmids were constructed, and whether NGF has an effect on
neuron growth was preliminarily confirmed, indicating that
the successfully constructed plasmids could be used to verify
the roles of NGF in cancer-associated neurogenesis.

Introduction

Perineural invasion was traditionally considered as the primary
type of interaction between tumor cells and nerve cells in the
tumor microenvironment, and is considered critical in the
invasion and metastasis of pancreatic, colorectal and gastric
cancer, as well as other malignant tumors (1,2). Previous
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studies showed that there is a new way of communication
between tumor cells and nerve cells, which is called tumor
cell-mediated neurogenesis (3-6). In addition, newborn nerves
stimulate the proliferation and metastasis of tumor cells. In
2008, Ayala et al (7) described the phenomenon of neurogenesis
in prostate cancer, and defined cancer-associated neurogenesis
and cancer-related axonogenesis. The newborn nerves were
revealed to act as ‘channels’, leading to the migration of tumor
cells, which is closely associated with metastasis and degen-
eration of tumors (5,7). A similar phenomenon has recently
been reported in which the co-culture of dorsal root ganglion
(DRG) cells with pancreatic cancer cells led to a significant
increase in the density of DRG neurons (8). Under these condi-
tions, tumor cells could not only proliferate rapidly, but also
showed a tendency to grow close to the DGR cells, which
suggested that tumor cells can stimulate nerve growth (8,9).
In 2013, Magnon et al (5) confirmed that the sympathetic
nerves could release norepinephrine to activate the 2 and 33
adrenergic receptors, leading to the onset of prostate cancer;
whereas parasympathetic nerve-released acetylcholine could
bind to type I muscarinic receptor to promote the proliferation
and metastasis of prostate cancer. Since then, numerous patho-
logical studies have observed the existence of newly developed
nerves in a variety of malignant tumors (4-6,10,11). Although
the associated mechanisms have not been elucidated yet, the
understanding of cancer-related neurogenesis may provide a
novel approach for cancer treatment.

Neurogenesis is a complex process involving numerous
factors, and the growth of axons serves a crucial role in it (12).
New axons need neurotrophins to promote their growth,
and axon guidance cues guide them to extend to specific
areas (13,14). It is worth noting that nerve growth factor (NGF)
is one of the most important members of the neurotrophic
factor family. It possesses dual biological functions of neuron
nutrition and axon growth promotion, and plays important
regulatory roles in the development, differentiation, growth
and regeneration of neurons (15). Meanwhile, protein gene
product 9.5 (PGP9.5) is a ubiquitin hydrolase, which regulates
cellular processes in the cell hydrolysis pathway, including
cell cycle division and cell death (16). Previous studies have
detected a high expression of PGP9.5 in numerous tumors,
including colorectal, pancreatic, esophageal and bladder
cancer (16-18). In a previous study, in tumor tissues, PGP9.5
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induced an increase in cyclin ubiquitination resulting in
uncontrolled growth of undifferentiated cells, which is one of
the key factors leading to oncogene activation (19).

An increasing number of studies have confirmed that
tumor cells can obtain NGF through autocrine and paracrine
routes to assist their survival, proliferation and metastasis. For
example, several types of cancer cells, including breast cancer,
have been shown to produce autocrine NGF, and its high
mRNA and protein expression levels in these cells have been
confirmed (20). Of note, NGF binding receptors in cancer cells
are highly consistent with the receptors in nerve cells, which
are able to bind to tropomyosin receptor kinase A and p75
neurotrophin receptor, to mediate the survival and prolifera-
tion of tumor cells (20-22). In addition, paracrine NGF from
breast cancer cells could affect the growth and development
of adjacent neurons in addition to their own (20). It has been
reported that NGF can effectively induce the differentiation
of embryonic neural precursor cells (20), and the overexpres-
sion of proNGF in prostate cancer tissue could also effectively
induce neurogenesis (21).

In certain tumor cells, including breast cancer cells, auto-
crine NGF has been shown to not only be involved in their
development, but may also affect the growth and develop-
ment of neighboring neurons through the paracrine system.
Thus, NGF may be a key molecule involved in regulating
cancer-related neurogenesis, which might play a crucial role
in the signal transmission system that controls the related
nerve tumor growth, and enhances the migration, invasion and
metastasis of tumor cells. In the present study, PGP9.5 was
used as a neuronal marker, and its positive expression level
was scored. Furthermore, recombinant NGF lentiviral overex-
pression, knockout and silencing plasmids were constructed,
and whether NGF affects neuron growth was investigated
and preliminarily confirmed. Furthermore, the successfully
constructed plasmids could be used to verify the hypo-
thetical roles of NGF in cancer-associated neurogenesis and
cancer-related axonogenesis.

Materials and methods

Expression of PGP9.5 in breast cancer. In total, 92 immuno-
histochemically identified breast cancer tissues were collected
from patients (age, 24-79 years; mean age, 51.5+12 years) at
the First College of Clinical Medical Science, China Three
Gorges University (Yichang, China) between October 2014
and November 2015; patients provided written informed
consent and the study was approved by the Ethics Committee
of the First Affiliated Hospital of Three Gorges University.
Patients could be any age and pathological grade, and with or
without metastasis (Table SI). Samples were used to perform
immunohistochemistry using recombinant anti-PGP9.5
antibody (cat. no. abl09261; Abcam). The clinical data of the
specimens were classified by patient age, tumor size and degree
of differentiation, which in turn was classified according to
the Nottingham system (Table I) (23). Immunohistochemistry
was carried out according to the EnVision two-step method
as previously described (24), and PBS was used as a negative
control. PGP9.5 was used as a neuronal marker, and its positive
expression level was scored according to the following posi-
tive criteria: Cells that contain brown and yellow granules in

Table I. Relationship between PGP9.5 expression and the
clinicopathological features of breast cancer.

Characteristics Total cases Positive rate (%) P-value
Age (years)
<50 44 39 (88.6) 0.867
>50 48 42 (87.5)
Tumor size (cm)
<2 58 50 (86.2) 0.707
>2 34 31(91.2)
Pathological grade
I 29 21 (72.4) 0.005
TI-11T 63 60 (95.2)

Statistical analysis was assessed by % test. P<0.05 was considered to
indicate a statistically significant difference.

the cytoplasm were considered positive, and the total number
of positive cells in 100 cells in every five fields of view was
counted. The average value was calculated and further scored
according to the staining intensity and the number of positive
cells. The staining intensity criteria were as follows: 0 was
considered negative, where there were no brown and yellow
granules in the cytoplasm; 1 was considered weakly positive,
with light yellow granules; 2 was considered positive, with
yellow granules; and 3 was considered strongly positive, with
brown and yellow granules. The number of positive cells was
scored according to the following criteria: O was considered
absence of positive cells; 1 was assigned when the percentage
of positive cells was <25%; 2 corresponded to 25-50% positive
cells; and 3 was assigned if the percentage of positive cells
was >50%.

Construction of recombinant NGF lentiviral overexpres-
sion plasmids. MDA-MB231 and T-47D cell lines (The Cell
Bank of Type Culture Collection of the Chinese Academy of
Sciences) were cultured in a 5% CO, incubator at 37°C with
DMEM (high-glucose) (cat. no. 31053028; Gibco; Thermo
Fisher Scientific, Inc.) containing 10% fetal bovine serum
(cat. no. 10099141; Gibco; Thermo Fisher Scientific, Inc.) and
1% pen/strep. Genomic DNA of the breast cancer cell lines
MDA-MB231 and T-47D was obtained using Ezup Column
Animal Genomic DNA Purification kit (cat. no. B518251;
Sangon Biotech Co., Ltd.), which was subsequently used to
construct recombinant pMDI18-T-NGF plasmids using the
pMD™ 18-T Vector Cloning kit (cat. no. 6011; Takara Bio, Inc.)
with the primers listed in Table II. Recombinant pMD18-T-NGF
was sequenced and used as a template to amplify NGF and
NGF-FLAG. The PCR cycling conditions were as follows:
Initial denaturation at 95°C for 5 min; followed by 34 cycles
at 95°C for 40 sec, 56.2°C for 50 sec and 72°C for 30 sec;
and a final extension at 72°C for 5 min. The FLAG-labeled
NGF (PCR product of pMD18-T-NGF-FLAG) was further
linked to pCDH-CMV-MCS-EF1-puro (#vt1480; YouBio) to
construct the recombinant FLAG-labeled NGF overexpres-
sion plasmid pCDH-CMV-MCS-EFI1-puro-NGF-FLAG
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Table II. Recombinant overexpression NGF primer pairs.

Restriction
Primer name Sequences (5'-3") enzyme
pCDH-NGEF-F TGCTCTAGAATGTCCATGTTGTTCTACACTCTG BamHI
pCDH-NGF-R CGCGGATCCTCAGGCTCTTCTCACAGCCTT Xbal

pCDH-NGF-FLAG-F
pCDH-NGF-FLAG-R

TGCTCTAGAATGTCCATGTTGTTCTACACTCTG
CGCGGATCCTCACTTATCGTCGTCATCCTTGTAATCGGCCTTCTCACAGCCTT

F, forward; R, reverse; NGF, nerve growth factor.

(pCDH-NGF-FLAG) with Xbal/BamHI enzyme loci. NGF
(PCR product of pMDI8-T-NGF) was also directly linked
to pCDH-CMV-MCS-EFI-puro to construct the NGF
overexpression plasmid pCDH-CMV-MCS-EF1-puro-NGF
(pCDH-NGF). Furthermore, 3 pg proteolipid protein (pLP)I,
3 ug pLP2 and 3 ug pLP/VSVG from ViraPower™ Lentiviral
Packaging Mix (cat. no. K4975-00; Invitrogen; Thermo Fisher
Scientific, Inc.), 3 ug pCDN-NGF, 3 ug pCDN-NGF-FLAG,
3 ug pCDH-puro and 3 ug pCHD-EGFP were transfected
into 5 ml 1.2x10°293FT cells (cat. no. R70007; Invitrogen;
Thermo Fisher Scientific, Inc.) using 36 ul Lipofectamine®
2000 reagent (Thermo Fisher Scientific, Inc.), and incu-
bated overnight at 37°C in a humidified 5% CO, incubator,
according to the manufacturer's protocol, and the vector
(pCDH-puro) was used as a negative control. After 72 h, the
supernatants were collected, sterilized by filtration (0.45 ym
filter; cat. no. SLHV033RB; EMD Millipore) and were used
to infect the breast cancer cell lines MDA-MB231 and T-47D
(2.5x10° cells; twice, every 24 h; MOI, 8) at 37°C, and bright
field and fluorescence microscopy were used to detect the
infection efficiency. After 48 h, the infected cells were used to
screen target cells by puromycin selection; 2 and 6 yg/ml puro-
mycin were used for MDA-MB-231 and T-47D, respectively.
The puromycin-screening time was determined according to
the results of a preliminary puromycin-resistance experiment.

The puromycin-screened breast cancer cells, including the
overexpression (pPCDH-NGF and pCDH-NGF-FLAG), vector
(pCDH-puro) and untransfected groups (MB231 and T-47D
cells), were seeded onto 100-mm culture plates (2.5x10° cells
in DMEM in triplicate. After 72-h incubation at 37°C, the cells
were collected, and the RNA was extracted by RNAsimple kit
(cat. no. DP419; Tiangen Biotech Co., Ltd.), according to the
manufacturer's instructions, and reverse transcribed into cDNA
using the Takara Reverse Transcriptase kit (cat. no. RR036Q);
Takara Bio, Inc.). The reverse transcription (RT) conditions
were 65°C for 5 min, 42°C for 40 min and 70°C for 15 min.
GAPDH was used as the internal reference (GAPDH primer
sequence: forward, 5~AGGTGAAGGTCGGAGTCA-3' and
reverse, 5'-GGTCATTGATGGCAACAA-3") to normalize
NGF expression. Fluorescence quantitative PCR (qPCR) [TB
Green Premix Ex Taq II (Tli RNase H Plus); cat. no. RR820A;
Takara Bio, Inc.] was performed to detect the expression
levels of NGF with the following primers: forward, 5'-GGC
AGACCCGCAACATTACT-3'and reverse, 5'-CACCACCGA
CCTCGAAGTC-3' using a CFX96 Touch™ Real-Time PCR
Detection system (Bio-Rad Laboratories, Inc.) as follows:

Initial denaturation at 95°C for 5 min; followed by 34 cycles
of 95°C for 30 sec, 56°C for 60 sec and 72°C for 60 sec; and a
final extension at 95°C for 5 sec. The results were quantified
using the 2224 method (25).

Measurement of NGF expression levels by ELISA and
western blotting. The overexpression (pCDH-NGF-FLAG),
vector (pCDH-puro) and untransfected (MDA-MB231 or
T-47D cells) groups were seeded (2.5x10° cells in DMEM)
onto 100-mm culture plates in triplicate. After 72-h incuba-
tion at 37°C, the cell supernatants from the vector and normal
groups were collected (~8.5 ml per dish) and analyzed with a
human NGF-f3 ELISA kit PicoKine (cat. no. EK0469; Boster
Biological Technology) using their original concentrations,
whereas the supernatants obtained from the overexpression
group were diluted 1:200 and further detected in parallel
with the other groups using the same ELISA kit. ELISA was
conducted according to the manufacturer's protocol.

In addition, proteins from cell supernatants were concen-
trated using 15-ml 3-kDa ultrafiltration centrifuge tubes
(cat. no. UFC900396; EMD Millipore) at 5,000 x g for 20 min
at 4°C. The protein concentrations were determined with a
BCA Protein Assay kit (cat. no. P0010; Beyotime Institute
of Biotechnology). A total of 25 ug proteins from each group
were incubated with SDS loading buffer at 95°C for 10 min
and then separated by SDS-PAGE on 15% gels. Proteins were
then transferred to nitrocellulose membranes, which were
blocked with 5% skim milk for 1 h at room temperature. The
protein expression levels of NGF-f3 in the pCDH-NGF-FLAG
group were detected with rabbit anti-FLAG antibody (1:1,000;
cat. no. F7425; Sigma-Aldrich; Merck KGaA) in TBS-0.1%
Tween-20 overnight at 4°C, followed by detection with
IRDye® 680LT goat anti-rabbit (1:20,000; cat. no. 926-68021;
LI-COR Biosciences) at room temperature for 2 h. The protein
expression of B-actin (rabbit polyclonal antibody; 1:1,000;
cat. no. D110001; Sangon Biotech Co., Ltd.) was used as the
internal reference, and the protein bands were visualized on
the CLx Dual-color Infrared Laser Imaging system (Odyssey®;
LI-COR Biosciences). RealBand 3-color High Range Protein
Marker (cat. no. C620014-0250; Sangon Biotech Co., Ltd.) was
used as a marker.

Construction of recombinant NGF lentiviral CRISPR/Cas9
knockoutplasmids NGF-guide(g)RNA1,-gRNA2and-gRNA3
were designed and synthesized by Sangon Biotech Co.,Ltd.,and
used for the construction of recombinant NGF-CRISPR/Cas9
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Table III. NGF-gRNA primer pairs.

Primer name

Sequences (5'-3")

NGF-gRNAI-F
NGF-gRNA1-R
NGF-gRNA2-F
NGF-gRNA2-R
NGF-gRNA3-F
NGF-gRNA3-R
NGF-gRNA-F*
NGF-gRNA-R*
Lenti-CRISPR-NGF-F
Lenti-CRISPR-NGF-R
MV-CRISPR-NGF-F
MV-CRISPR-NGF-R
GAPDH-F

GAPDH-R

CACCGCGATAGCTGCACGCGTGGCG
AAACCGCCACGCGTGCAGCTATCGC
CACCGAGCTTTTCTGATCGGCATAC
AAACGTATGCCGATCAGAAAAGCTC
CACCGTCGCCGCTTTTTAAACAGCC
AAACGGCTGTTTAAAAAGCGGCGAC
CACCGGCGTCGGAGCGGCAGAACTC
AAACGAGGCGGTACGGACGGCCGCC
TTCGGGTTTATTACAGGGACA
GACTGTGGGCGATGTGC
GTGCATAGCGTAATGTCCAT
CTATAAATTACCATGCAGTCCTT
AGGTGAAGGTCGGAGTCA
GGTCATTGATGGCAACAA

F, forward; R, reverse; NGF, nerve growth factor; gRNA guide RNA. “‘gRNAs refers to negative control.

plasmids. The non-sequencing NGF-gRNA was used as
a negative control. Exon 3 of NGF was the targeted exon,
which affected the signal peptide domain. The designed
NGF-gRNAs (Table IIT) were annealed and linked to the cas9
vector lentiCRISPRv2 (cat. no. 52961; Addgene) to construct
LentiCRISPRv2-NGF-gRNAs (-1/2/3, non-sequencing). The
constructed recombinant plasmids were validated by ampi-
cillin resistance, appearing at the correct molecular weight on
a 1% agarose gel and sequenced by a commercial company
(Sangon Biotech Co., Ltd.).

The verified 3 ug LentiCRISPRv2-NGF-gRNA2/3
(sequencing proved the gRNA1 was incorrect), 3 ug
pCMV-VSV-G (cat. no. 8454; Addgene), 3 g pLIMI1-EGFP
(cat. no. 19319; Addgene), 3 ug psPAX2 (cat. no. 12260;
Addgene) and 3 ug negative control (non-sequencing gRNA)
were transfected into 5 ml 1.2x109293FT cells by 36 ul
Lipofectamine 2000. After a 7-h incubation at 37°C, the
cell supernatants were collected, filter sterilized and used to
infect the breast cancer cell lines MDA-MB231 and T-47D
(2.0x10° cells/ml; MOI, 8; twice, every 24 h), 48 h post-infec-
tion, the infected cells were further used to screen target cells
by puromycin selection as described in NGF overexpression
section. After puromycin selection the infected single clone
was further sorted using flow cytometry (MoFlo Astrios EQ
Cell Sorter; Beckman Coulter, Inc.).

To select the target cells that had been correctly
CRISPR/Cas9-edited by NGF-gRNA?2/3, the genomic DNA of
sorted cells was obtained by Ezup Column Animal Genomic
DNA Purification kit (cat. no. B518251; Sangon Biotech Co.,
Ltd.) and used as template to perform standard PCR (EXTagq;
cat. no. RROO1A; Takara Biotechnology Co., Ltd.). The PCR
cycling conditions were as follows: Initial denaturation at 95°C
for 5 min; followed by 34 cycles of 95°C for 40 sec, 56°C for
50 secand 72°C for 54 sec; and a final extension at 72°C for 5 min.
The standard PCR NGF primers used are presented in Table II,
and the NGF was detected by 2% agarose gel electrophoresis

and visualized by ethidium bromide (cat. no. A600195; Sangon
Biotech Co., Ltd.). Furthermore, 1.2x10> PCR-verified cells
were seeded onto 96-microwell plates in triplicate. Then,
the cells were collected from different wells to verify NGF
(726 bp) by standard PCR, and the open-reading frame (ORF)
of NGF was further sequenced (Sangon Biotech, Co., Ltd.) to
verify the CRISPR/Cas9-edited cells. After three rounds of
selection by sorting, PCR and sequencing, as aforementioned,
the CRISPR/Cas9-edited mutants (MDA-MB231-E3-A and
MDA-MB231-E3-B) cells were verified.

CRISPR/Cas9-edited MDA-MB231-E3-A and
MDA-MB231-E3-B cells were seeded onto 60-mm culture
plates (2.5x10° cells in 5 ml DMEM) in triplicate. After
72-h incubation at 37°C, total cell RNA was collected for
NGF gPCR as aforementioned, and GAPDH was used as the
internal reference. The cycling conditions were as follows:
Initial denaturation at 95°C for 5 min; followed by 35 cycles
of 95°C for 30 sec, 56°C for 60 sec and 72°C for 60 sec; and a
final extension at 95°C for 5 sec.

Construction of recombinant lentiviral NGF-silencing plas-
mids. The NGF-short hairpin (sh)RNA1/2/3 and non-targeting
negative control shRNA were designed (Table IV) and synthe-
sized by Sangon Biotech, Co., Ltd.; these sequences were
annealed (95°C for 4 min and 70°C for 10 min) and linked to
the lentiviral vector pLKO.1-TRC (cat. no. 10878 Addgene).
pLKO.1-NGF-shRNAI, -shRNA2, -shRNA3 and negative
shRNA were further verified by ampicillin-resistance, double
enzyme digestion assays by EcoRI and Ncol, and sequenced
(Sangon Biotech, Co., Ltd.). The non-targeting shRNA was
used as a negative control.

Verified 3 g pLKO.1-NGF-shRNA1/3 (sequencing proved
that shRNA2 was incorrect), 3 ug -shRNA (non-targeting
shRNA as the negative control), 3 ug pLPI, 3 ug pLP2,
3 ug pLP/VSVG and 3 pug pLKO.1 were transfected into
5 ml 1.2x109293FT cells using 36 ul Lipofectamine 2000,
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Table I'V. NGF-shRNA primer pairs.

Primer name

Sequences (5'-3")

NGF-shRNA1-F
NGF-shRNA1-R
NGF-shRNA2-F
NGF-shRNA2-R
NGF-shRNA3-F
NGF-shRNA3-R
NGF-shRNAs-F*
NGF-shRNAs-R

CCGGGCAGACCCGCAACATTACTGTCTCGAGACAGTAATGTTGCGGGTCTGCTTTTTG
AATTCAAAAAGCAGACCCGCAACATTACTGTCTCGAGACAGTAATGTTGCGGGTCTGC
CCGGGAGAGGTGAACATTAACAACACTCGAGTGTTGTTAATGTTCACCTCTCTTTTTG
AATTCAAAAAGAGAGGTGAACATTAACAACACTCGAGTGTTGTTAATGTTCACCTCTC
CCGGGGGATATGGTACAACCCTTGTCTCGAGACAAGGGTTGTACCATATCCCTTTTTG
AATTCAAAAAGCATTGACTCAAAGCACTGGACTCGAGTCCAGTGCTTTGAGTCAATGC
CCGGGGGATATGGTACACCGCGGTTTATCCGGATAGATACCTCGAGGTATCTATCCGG
AATTCAAAAAGCATTAAAAGCGGTTTATCCGGATAGATACCTCGAGGTATCTATCCGG

q-NGF-F GGCAGACCCGCAACATTACT
g-NGF-R CACCACCGACCTCGAAGTC
GAPDH-F AGGTGAAGGTCGGAGTCA
GAPDH-R GGTCATTGATGGCAACAA

F, forward; R, reverse; NGF, nerve growth factor; shRNA, short hairpin RNA. *shRNAs refers to negative control.

along with empty lentiviral vectors as a control. After a 72-h
incubation at 37°C, the supernatants were collected, filter
sterilized and further used to infect the breast cancer cell lines
MDA-MB231 and T-47D (twice, every 24 h; MOI, 8). A total
of 48 h post-infection, the infected cells were used to select
target cells by puromycin selection as aforementioned.

MDA-MB231-pLKO-NGF-shRNA1/3, T-47D-pLKO-
NGF-shRNA1/3, MDA-MB231-pLKO-shRNA (nega-
tive control), T-47D-pLKO-shRNA (negative control) and
MDA-MB231 or T-47D cells were seeded onto 60-mm
culture plates (2.5x10° cells in 5 ml DMEM) in triplicate.
After 72 h, total cell RNA was collected for NGF qPCR, as
aforementioned, using the following cycling conditions: Initial
denaturation at 95°C for 5 min; followed by 35 cycles of 95°C
for 30 sec, 50°C for 60 sec and 72°C for 60 sec; and a final
extension at 95°C for 5 sec. The GAPDH was used as the
internal reference.

Detection of cell viability in breast cancer cells
containing different recombinant plasmids. Cell
viability of MDA-MB231-pCDH-NGF-FLAG (over-
expression group), MDA-MB231 (untreated group),
MDA-MB231-pLKO-NGF-shRNAT1 (silent group) and
MDA-MB231-E3-A (knockout group) was determined by MTT
assays. Cells were seeded (2.5x10* cells/ml; 4,000 cells/well)
onto 96-microwell plates in triplicate. After 24, 48, 72 and
96 h at 37°C, cells were collected for MTT assay. Briefly, MTT
(200 pg/ml; prepared in serum-free DMEM) was added to
the wells, and the cells were incubated at 37°C for 4 h. The
supernatants were removed, and 150 ul dimethyl sulfoxide was
added to each well to dissolve the purple formazan crystals.
After shaking for 15 min at room temperature, the optical
density was detected at 490 nm using a Multiskan Spectrum
microplate spectrophotometer (Thermo Fisher Scientific, Inc.).
Experiments were repeated three times.

Influence of NGF on PCI2 cell neuronal differentiation activity.
PC-12 is a classic neuronal cell line. Studies have suggested

that NGF can induce PC-12 cell differentiation (26-28). Thus,
undifferentiated PC12 cells (The Cell Bank of Type Culture
Collection of the Chinese Academy of Sciences) were cultured
in RPMI-1640 medium (cat.no. SH30809.018; Hyclone; Cytiva)
supplemented with 10% horse serum (cat. no. 26050088;
Gibco; Thermo Fisher Scientific, Inc.) and 5% FBS, and were
treated with 10, 50 and 100 ng/ml NGF cell supernatants from
NGF-overexpressing MDA-MB231 cells at 37°C. NGF was
obtained from the supernatants of NGF-overexpressing cells
and the concentrations were confirmed by ELISA (Human
NGF/NGF-f ELISA kit; cat. no. EK0469; Boster Biological
Technology). NGF-f3 standards was used to establish the stan-
dard curve. The cell number and axon length were calculated
by fluorescence microscopy (NIKON Ti-s inverted fluores-
cence microscope; Nikon Corporation); 250 cells from five
fields of vision (n=50) were analyzed.

Statistical analysis. All data are presented as the
mean =+ standard deviation. Statistical analysis was assessed by
Kruskal-Wallis followed by Dunn's post hoc test for multiple
comparison test; Student's t-test was used to compare two
groups. Clinicopathological characteristics were compared by
¥*. P<0.05 was considered to indicate a statistically significant
difference.

Results

Association between PGP9.5 expression level and clini-
copathological features of breast cancer. The 92 clinical
specimens of breast cancer were collected and classified
according to the age of the patients, tumor size and histolog-
ical grade (Table I; Table SI); the tissue samples were used to
examine PGP9.5 expression by immunohistochemical analysis
(Fig. S1); PGP9.5 was used as a neuronal marker. The results
showed that the positive expression rate of PGP9.5 was not
associated with the age or tumor size of patients with breast
cancer (both P>0.05), whereas it was positively related with
the pathological grade of breast cancer (P<0.05).
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Figure 1. Bright field and fluorescence microscopy were used to observe the infection efficiency of nerve growth factor lentiviral overexpression vector in
breast cancer cells. (A) White light and (B) fluorescence imaging of MDA-MB231 cells; magnification, x10. (C) White light and (D) fluorescence imaging of

T-47D cells; magnification, x10.
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Figure 2. NGF mRNA expression levels in lentiviral NGF overexpression vector-infected breast cancer cells. (A) MDA-MB-231 cell line. (B) T-47D cell
line. Overexpression groups, MDA-MB-231-pCHD-NGF-FLAG and T-47D-pCDH-NGF-FLAG; untransfected cells groups, MDA-MB-231 and T-47D cells;
pCDH-puro groups, MDA-MB-231-pCHD-NGF-puro and T-47D-pCDH-NGF-puro. Data are presented as the mean + SD of three independent experiments.

“P<0.01. NGF, nerve growth factor; puro, puromycin.

Construction of recombinant NGF lentiviral overexpression
plasmids. Genomic DNA from MDA-MB231 and T-47D breast
cancer cells was extracted and used to construct recombinant
pMDI8-T-NGF plasmids, which were verified by PCR and
sequencing, and used as a template to construct NGF-FLAG
using primers containing FLAG sequences and Xbal/BamHI
enzyme loci. The double-enzyme digested product was further
linked to the vector pCDH-CMV-MCS-EFI1-puro to construct
a recombinant NGF lentiviral overexpression plasmid; the
infection efficiency was verified by fluorescence microscopy.
Bright field and fluorescence microscopy were used to observe

the infection efficiency of NGF lentiviral overexpression
vector in breast cancer cells, and the results showed that NGF
lentiviral overexpression plasmids could efficiently infect
breast cancer cells (Fig. 1).

The puromycin-screened breast cancer cells, including the
overexpression (pPCDH-NGF and pCDH-NGF-FLAG), vector
(pCDH-puro) and untransfected (MDA-MB231 and T-47D
cells) groups, were collected and NGF mRNA expression
levels were examined by qPCR (Fig. 2). The results showed
that NGF mRNA expression levels in the overexpression
groups were significantly higher compared with those in the
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Figure 3. Concentration of NGF-f3 in the supernatant of lentiviral NGF
overexpression vector-infected breast cancer cells. Overexpression groups,
MDA-MB231-pCHD-NGF-FLAG and T-47D-pCDH-NGF-FLAG;
untreated cells, MDA-MB231 and T-47D; vector control groups,
MDA-MB231-pCHD-NGF-puro and T-47D-pCDH-NGF-puro. Data are
presented as the mean = SD of three independent experiments. ““P<0.001.
NGF, nerve growth factor; puro, puromycin.
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Figure 4. NGF protein expression levels in NGF lentiviral overexpression
vector-infected breast cancer cells using anti-FLAG antibody. (A) Upper
row, 1, MDA-MB231-pCDH-NGF-FLAG; 2, MDA-MB231-pCDH-puro;
3, MDA-MB231; 4, T-47D-pCDH-NGF-FLAG; 5, T-47D-pCDH-puro;
6, T-47D. Overexpression groups, MDA-MB231-pCHD-NGF-FLAG and
T-47D-pCDH-NGF-FLAG; untransfected cells groups, MDA-MB231
and T-47D; pCDH-puro groups, MDA-MB-231-pCHD-NGF-puro and
T-47D-pCDH-NGF-puro. (B) Lower row, (3-actin was used as internal refer-
ence. M, marker; NGF, nerve growth factor; puro, puromycin.

untransfected and pCDH-puro groups (P<0.01), whereas there
was no statistically significant difference between the untrans-
fected and pCDH-puro groups (P>0.05) (Fig. 2), suggesting
the successful construction and infection of recombinant NGF
lentiviral overexpression plasmids.

Levels of NGF in breast cancer cells transfected with
overexpression plasmid. The cell supernatants from the
untransfected (MDA-MB-231 and T-47D), vector (MDA-
MB231-pCHD-NGF-puro and T-47D-pCDH-NGF-puro)
and overexpression (MDA-MB231-pCHD-NGF-FLAG
and T-47D-pCDH-NGF-FLAG) groups were collected and
analyzed by NGF-f§ ELISA. The results showed that the levels
of NGF-p in the overexpression groups were significantly
higher than those in the untransfected and pCDH-puro groups
(P<0.001), whereas the levels of NGF-f§ showed no statisti-
cally significant difference between the untransfected and
pCDH-puro groups (P>0.05) (Fig. 3).

The cell supernatants from the untransfected (MDA-MB231
and T-47D), overexpression (MDA-MB231-pCHD-NGF-

FLAG and T-47D-pCDH-NGF-FLAG) and vector (MDA-
MB231-pCHD-NGF-puro and T-47D-pCDH-NGF-puro)
groups were concentrated by ultrafiltration centrifuge tubes,
and P-actin (42.0 kDa; lower row) was used as the internal
reference. The results showed that NGF overexpression breast
cancer cell lines could secrete mature NGF protein (NGF,
13.5 kDa; FLAG, 1 kDa; FLAG binds to NGF, the total size
is 14.5 kDa; upper row), whose expression levels were mark-
edly higher than those of the vector and untransfected groups
(Fig. 4).

Together, these results demonstrated that MDA-MB231-
pCHD-NGF-FLAG and T-47D-pCDH-NGF-FLAG-infected
breast cancer cells contained NGF overexpression plasmids.

Construction of recombinant NGF lentiviral knockout
plasmids. The results showed that NGF lentiviral knockout
plasmids could efficiently infect MDA-MB231 and T-47D
breast cancer cells (Fig. 5).

Flow cytometry was used to sort individual
CRISPR/Cas9-edited cells, which were subsequently verified
by PCR and agarose gel electrophoresis (Fig. S2; 726 bp), and
the PCR identified-cells were used for further sequencing
(Fig. 6). After repetition of the described analysis three times,
the genotype of the breast cancer cell could be confirmed.
As shown in Fig. 7, MDA-MB231-E3-A was a homozygous
(biallelic) knockout cell line, whereas MDA-MB231-E3-B was
heterozygous (monoallelic) knockout cell line.

Puromycin-screened breast cancer cells were collected,
including the knockout (MDA-MB231-E3-A and -E3-B) and
untreated cells (MDA-MB231) groups, and their RNA was
extracted and used for RT-qPCR analysis. The results showed
that the NGF mRNA expression levels in the knockout groups
were significantly lower compared with those in the normal
group (P<0.01; Fig. 8), suggesting the successful construc-
tion and infection of recombinant NGF lentiviral knockout
plasmids.

Construction of recombinant shRNA-NGF lentiviral plasmids.
The designed NGF-shRNA1/2/3s and negative control shRNA
were designed and inserted into the lentiviral vector pLKO.1
using the primers listed in Table III. pPLKO-NGF-shRNA1/2/3
and control shRNA were verified by ampicillin-resistant assay,
double enzyme digestion assay and sequenced. The results
showed that shRNA?2 failed to knockdown NGF, thus only
shRNA1 and 3 were used in subsequent experiments.
Puromycin-screened breast cancer cells, including the
silenced (MDA-MB-231-NGF-shRNA1 and -shRNA3,
and T-47D-NGF-shRNA1 and -shRNA3), negative control
(MDA-MB231-pLKO-shRNA and T-47D-pLKO-shRNA) and
untreated (MDA-MB231 and T-47D) groups, were examined by
gPCR. The results showed that NGF mRNA expression levels
in the MDA-MB231-NGF-shRNA1, T-47D-NGF-shRNAI
and MDA-MB231-NGF-shRNA3 groups were significantly
lower compared with those in the untreated cells and negative
control groups (P<0.05); whereas no statistically significant
differences were identified when T-47D-NGF-shRNA3 was
compared with untreated and negative control groups (P>0.05)
(Fig. 9), which suggested the successful construction and
infection of the recombinant shRNA-NGF lentiviral plasmids
MDA-MB231-NGF-shRNA1 and T-47D-NGF-shRNAL.
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Figure 5. Brightfield and fluorescence microscopy was used to observe the infectious efficiency of NGF lentiviral knockout plasmids in breast cancer cells.
(A) White light and (B) fluorescence imaging of MDA-MB-231 cells (MDA-MB231-LentiCRISPRv2-NGF-gRNA?2), magnification, x20. (C) White light and
(D) fluorescence imaging of T-47D cells (T-47D-LentiCRISPRv2-NGF-gRNA?2), magnification, x20.

CLUSTAL 0(1.2.4) multiple sequence alignment

NGF ATGTCCATGTTGTTCTACACTCTGATCACAGCTTTTCTGATCGGCATACAGGCGGAACCA 60

NGF_edit ATGTCCATGTTGTTCTACACTCTGATCACAGCTTTTCTGATC——————~ GGCGGAACCA 52
*opoksokiokiokooksokiokiokokioktokiokolokroktoktokotokokkorokokokok sorsforsforofokdok

NGF CACTCAGAGAGCAATGTCCCTGCAGGACACACCATCCCCCAAGCCCACTGGACTAAACTT 120

NGF_edit CACTCAGAGAGCAATGTCCCTGCAGGACACACCATCCCCCAAGTCCACTGGACTAAACTT 112
Fopoksokiokioksoksokiokiokookiokiokiokoiokoklokiokososkorolorook soksorsorsoksokaokofokdok

NGF CAGCATTCCCTTGACACTGCCCTTCGCAGAGCCCGCAGCGCCCCGGCAGCGGCGATAGCT 180

NGF_edit CAGCATTCCCTTGACACTGCCCTTCGCAGAGCCCGCAGCGCCCCGGCAGCGGCGATAGCT 172

Skokokskskskskokokokokskokskkokskokokokokokskkkkokokokokskkkskkokokokokokok sk kkskokokokok sk sk k sk kkkokokokok

Figure 6. The CRISPR/Cas9-edited cells were verified through sequencing. Flow cytometry was used to sort the CRISPR/Cas9-edited cells, which were
verified by sequencing. Upper sequence, wild type; lower sequence, NGF CRISPR/Cas9 knockout cell (deletion mutation). Asterisks (*) refer to where the
wild-type and CRISPR/Cas9 knockout cell sequences share an identical base; horizontal bars (-) refer to where the wild-type and CRISPR/Cas9 knockout cell
sequences have different bases.

) ) B MDA-MB231-E3-B:Mutations in 15 sequenced clones
A MDA-MB231-E3-A:Mutations in 15 sequenced clones

In/Del  Freq In/Del  Freq
ATCACAGCTTTTCTGATCGGCA TACAGGCGG CACAGCTTTTCTGATCGECATACAGGCGGAACCACACTCAGAG 0 2
X
ATCACAGCTTTTCTGATCGGCARTACAGGCGG +1 2x CACAGCTTTTCTGATCGGCATACAGGCGGAACCACACTCAGAG.
ATCACAGCTTTTCTGATCGGCATACAGGCGG CACAGCTTTTCTGATCGGCA TACAGGCGGAACCACACTCAGAGAG
ATCACAGCTTTTCTGATCGG GG -8 7 CACAGCTTTTCTGATCGGCARTACAGGCGGAACCACACTCAGAGAG +1 6x
CACAGCTTTTCTGATCGGCAT) TCAGAGAG
ATCACAGCTTTTCTGATCGGCATACAGGCGGAACC, -8 4x
_1 7 6X CACAGCTTTTCTGATCGGCES======IGGAACCACACTCAGAGAG
ATCACAGCTTTTCTGASEE==============C, TTTCTGATCGGCAT T
-7 3x

CACAGCTTTTCTGAT(E=====2AGGCGGAACCACACTCAGAGAG

Figure 7. Genotypes of two MDA-MB231-CRISPR/Cas9 edited cells. (A-B) The open-reading frame of NGF was sequenced. The upper row refers to the
wild-type NGF sequence, and the lower row refers to the sequencing report of the alignment sequence. The red bar represents the base deletion. By comparing
each sequence with the wild-type sequence, what changes (the base insertion or deletion, or no change) have taken place in the genome of CRISPR/Cas9 edited
single cell could be confirmed. MDA-MB231-E3-A was a homozygote cell line (biallelic knockout cell), whereas MDA-MB231-E3-B was a heterozygote cell
line (monoallelic knockout cell). Freq, frequency; In/Del, insertion deletion.

Levels of NGF in knockout and knockdown MDA-MB231  knockout (MDA-MB231-E3-A and -E3-B), silenced
breast cancer cells. Culture supernatants from the (MDA-MB231-pLKO-NGF-shRNA1), negative control
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Table V. Influence of NGF on the formation of PC12 cell protrusion (n=50, cell numbers).

Group Number of protrusions Maximum diameter (xm) Longest protrusion length (xzm)
Control 0.6 6.5 25

NGF (10 ng/ml) 3.0° 79 5.1*

NGF (50 ng/ml) 3.52¢ 9.3* 8.16

NGF (100 ng/ml) 3.8 11.2% 13.54

NGF, nerve growth factor. *refers to significance (P<0.05) when compared with control.
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Figure 8. Relative NGF mRNA expression levels in NGF lentiviral knockout
MDA-MB231 breast cancer cells. (A) Homozygous (biallelic) knockout
cell (MDA-MB231-E3-A). (B) Heterozygous (monoallelic) knockout cell
(MDA-MB231-E3-B). Knockout groups (MDA-MB-231-E3-A and -E3-B)
and control group (MDA-MB231). Data are presented as the mean + SD of
3 independent experiments. "P<0.05, vs. MDA-MB231. NGF, nerve growth
factor.
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Figure 9. Relative NGF mRNA expression levels in siIRNA-NGF lentiviral
silenced breast cancer cells. (A) MDA-MB231 cell line. (B) T-47D cell
line. Silenced groups, MDA-MB231-NGF-shRNA1 and -shRNA3 and
T-47D-NGF-shRNA1 and -shRNA3; untransfected groups, MDA-MB231
and T-47D; negative control groups, MDA-MB231-pLKO-shRNA and
T-47D-pLKO-shRNA. The silenced groups were compared with untrans-
fected and negative control groups. Data are presented as the mean + SD of
three independent experiments. “P<0.05. NGF, nerve growth factor; ShRNA,
short hairpin RNA.

(MDA-MB231-pLKO-shRNA) and untreated (MDA-MB231)
groups were collected and analyzed using an NGF- ELISA
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Figure 10. Concentration of NGF-f in the supernatant of NGF lenti-
viral knockout and silenced breast cancer cells. Knockout groups,
MDA-MB231-E3-A and MDA-MB231-E3-B; knockout negative group, lenti-
CRISPRvV2-NGF-gRNA; silent group, MDA-MB231-pLKO-NGF-shRNAT;
silent negative group, MDA-MB231-pLKO-NGF-shRNA; normal group,
MDA-MB231. Data are presented as the mean + SD of three independent
experiments. "P<0.05, ““P<0.001. NGF, nerve growth factor; shRNA, short
hairpin RNA; gRNA, guide RNA.

kit. The results showed that the levels of NGF-f in the knockout
and shRNA groups were significantly lower than those in the
negative control groups (P<0.05), whereas the levels of NGF-f3
in the knockout groups were lower than those in the shRNA
silenced group (P<0.001) (Fig. 10).

Detection of cell viability in breast cancer cells trans-
fected with the different recombinant plasmids. The
overexpression (MDA-MB231-pCDH-NGF-FLAG),
knockout (MDA-MB231-E3-A), silenced
(MDA-MB231-pLKO-NGF-shRNA1), negative control
(MDA-MB231-pCDH-NGF-puro, lentiCRISPRv-NGF-gRNA
and MDA-MB231-pLKO-NGF-shRNA) and untreated
(MDA-MB231) groups were used to examine the effects on
the viability of breast cancer cells transfected with different
recombinant plasmids. The results showed that the viability of
cells in the NGF overexpression group was significantly higher
compared with the negative control group at 24, 48, 72 and
96 h (P<0.05), whereas the viability of the NGF knockout and
silenced groups was lower than that of the negative control
groups at 24 or 48 h (P<0.05) and showed no statistically
significant difference at 72 or 96 h (Fig. 11).
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B MDA-MB23148 h

OD490 nm

B MDA-MB231-shRNA1
B MDA-MB231-E3-A
£ MDA-MB231-pCHD-NGF-Flag

Figure 11. Detection of breast cancer cell viability in cells with different recombinant plasmids. Overexpression group, MDA-MB231-pCDH-NGF-FLAG;
overexpression negative group, MDA-MB231-pCDH-NGF-puro; knockout group, MDA-MB231-E3-A; knockout negative group, lentiCRISPRv-NGF-gRNA;
silent group, MDA-MB231-pLKO-NGF-shRNAI; silent negative group, MDA-MB231-pLKO-NGF-shRNA; normal group, MDA-MB231. The effects on the
viability of breast cancer cells transfected with different recombinant plasmids at (A) 24, (B) 48, (C) 72 and (D) 96 h were detected. Data are presented as the
mean + SD of three independent experiments. "P<0.05. NGF, nerve growth factor; shRNA, short hairpin RNA; gRNA, guide RNA; puro, puromycin; OD,

optical density.

Figure 12. Morphological features of PC12 cells treated with different
concentrations of NGF for 96 h. (A) Untreated cells. (B) 10 ng/ml NGF.
(C) 50 ng/ml NGF. (D) 100 ng/ml NGF. The number of protrusions, the length
of protrusions and the size of the PC12 cells can be seen. Green arrows refer
to protrusions; pink arrows refer to PC12 cells. NGF, nerve growth factor.

Influence of NGF on neuronal differentiation activity of
PCI2 cells. The classic neuronal cell line, PC12, was cultured
and treated with cell supernatants containing 10, 50 and
100 ng/ml NGF from NGF-overexpressing MDA-MB231
cells. The results showed that the maximum protrusion length,

and the number of protrusions and the maximum diameter of
cells were increased with the increasing NGF concentrations
(Fig. 12; Table V), which suggested that PC12 cells could be
altered by NGF in a concentration-dependent manner.

Discussion

Nerve fibers, like blood vessels and lymphatics, are spread
throughout the body. Numerous studies have reported that
cancer angiogenesis and lymphangiogenesis occur in the cancer
microenvironment (29-32), but the potential biological effects
of cancer-related neurogenesis have been rarely reported.
Tumor cells can use a large number of factors secreted by nerve
fibers to create microenvironments to help them survive and
proliferate, such as epinephrine, catecholamines and adrena-
line (7,33-38). At the same time, tumor cells can stimulate the
production of neurons by secreting neurotrophic factors and
axonal guiding molecules (11). The interaction between tumor
cells and their microenvironment promotes tumor develop-
ment (39). In general, if the tumor is diagnosed early, surgical
resection of the primary lesion can be used for an effective
cure. Tumor cells can invade surrounding tissues and develop
into invasive diseases, leading to severe consequences. The
majority of cancer-related deaths are closely associated with
the formation of invasive tumor tissues. Numerous cytokines
and soluble components, such as IL-1f, IL-6, IL-17 and IL-32
in the tumor microenvironment affect tumorigenesis, and the
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microenvironment is continually changing according to the
evolution of the tumor. Recruitment of a variety of cytokines
to the surrounding environment can help to form the secretory
environment of soluble factors, and also assist in the regenera-
tion of blood vessels and the lymphatic system (40-47).

In the early 1970s, Folkman et al (48) first discovered
the tumor angiogenesis ability. Since then, numerous studies
have attempted to determine the mechanism of angiogenesis
and develop corresponding treatments (49,50). Angiogenesis
markedly affects the development of the tumor and is involved
in the development of in situ invasive tumors. Vascular endo-
thelial growth factor (VEGF) A and its receptor 2 (VEGFR?2,;
also known as FLK1) play an important role in it (51).
Currently, treatments based on VEGF can effectively improve
the survival time of patients with a malignant tumor, but only
for a few months (52). Lymphangiogenesis is an important
cause of tumor cell invasion (53). Previous studies have shown
that lymphangiogenic factors affect the proliferation of tumor
cells, and the specific marker of lymphatic angiogenesis is
LYVE-1 (54-58). In addition, VEGF-c and VEGF-d play a
role in lymph node metastasis in multiple human tumor cells,
which demonstrates the importance of this factor in tumor
metastasis (54,58,59).

Similar to angiogenesis and lymphangiogenesis, neurogen-
esis also occurs in tumor cells. Although previous studies have
demonstrated that bladder (59,60), prostate (61), breast (62) and
pancreas (63) cancers contain nerve endings, only in prostate
cancer have newborn axons been identified (64). Numerous
studies have shown that neuropeptides and neurotransmitters
in the tumor microenvironment affect neurogenesis (61-64).

Early studies suggested that nerve fibers guide the migra-
tion of the invading nerve cells (63). Other studies have found
that the nervous system regulates numerous secreted mole-
cules associated with the development of tumors. For example,
neurotransmitters are associated with the immune suppression
of tumors and induce changes in angiogenesis and vascular
density (65-67). The presence of neurons in the tumor tends to
lead to a poor prognosis (68). Besides, the nervous system and
the tumor are mutually beneficial, since tumor cells can secrete
nerve molecules (69-71) and axonal guide molecules (72) to
stimulate the nerve endings to penetrate the tumor.

Previous data showed that NGF serves crucial regula-
tory roles in the development, differentiation, growth and
regeneration of neurons (73). In the present study, 92 clinical
cases of breast cancer were collected, and the presence of
neurons in the breast cancer microenvironment was veri-
fied by immunohistochemistry. To explore the role of NGF
in cancer-related neurogenesis, recombinant NGF lentiviral
overexpression, knockout and silencing plasmids were
constructed. Furthermore, whether NGF affected neuron
growth was preliminary confirmed, and the results showed
that the maximum length, and number of protrusions and
maximum diameter were increased with the increase in NGF
concentration.

For further direction, since previous studies reported that
as a classical tumor angiogenesis regulatory factor, VEGF also
plays a role similar to neurotrophic factor and axon guidance
factor, and is involved in the processes of axon growth, neuronal
cell migration, axon guidance and neural connection (51,74).
VEGF not only affects the growth of primary cortical neurons

as a neurotrophic factor, but also stimulates the growth of axons
and neurons in dorsal root ganglia and regulates the migration
of neural crest cells and astrocytoma cells (51,75,76). However,
whether it is involved in cancer-related neurogenesis remains
unknown. Multiple differential expression plasmids of VEGF
will be constructed to detect if it is a downstream target of
NGF. Since there are few studies regarding the role of NGF in
cancer-associated neurogenesis and cancer-related axonogen-
esis (2,7,9,11), the differential expression plasmids constructed
in the present study may provide an important basis for further
studies to elucidate its role in this phenomenon.
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