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EGFLY7 silencing inactivates the Notch signaling pathway; enhancing cell
apoptosis and suppressing cell proliferation in human cutaneous melanoma
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Melanoma is the main cause of death in patients with skin cancer. While the pathogenesis of cutaneous melanoma is
poorly understood, increasing evidence shows that epidermal growth factor (EGF) may be involved. Herein, we tested
the hypothesis that down-regulation of EGFL7 inhibits development and progression of human cutaneous melanoma
(CM). Initially, we performed immunohistochemical analysis of EGFL7 in 130 specimens and the findings indicated that
EGFL7 was highly expressed in CM. The expressions of EGFL7 and Notch signaling pathway-related genes in CM were
then measured by reverse transcription quantitative polymerase chain reaction (RT-qPCR) and Western blot assay. In order
to assess biological functions of EGFL7 in CM we up-regulated or down-regulated endogenous EGFL7 using EGFL7-OE
or shRNA against EGFL7 in the A375 CM cell line. To better understand the pivotal role of Notch signaling pathway in
CM, we blocked this pathway in A375 cells by inhibitor treatment. Finally, tumor xenograft in nude mice was performed
to test the in vivo tumorigenesis of the transfected A375 cells. While EGFL7 activated the Notch signaling pathway in CM,
gain- and loss-of-function studies established that decreased EGFL7 inhibited cell proliferation and promoted apoptosis
in A375 cells. Moreover, down-regulated EGFL7 suppressed in vivo tumorigenesis. Most importantly, we determined that
down-regulating EGFL7 inhibited CM development by suppressing the Notch signaling pathway. The combined findings
define potential roles of decreased EGFL7 as inhibitors of CM development by suppressing the Notch signaling pathway, and
EGFL7 may therefore be a novel therapeutic target in cutaneous melanoma patients.
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Human cutaneous melanoma (CM) is the most malignant
skin tumor and a leading cause of skin cancer deaths [1]. It is
also one of the most aggressive forms of human cancer and
considerable phenotypic plasticity is exhibited by melanoma
cells [2]. As phenotypically and molecularly heterogeneous
diseases, cutaneous, uveal, acral and mucosal melanomas
have different clinical courses, involving various mutational
profiles and possessing different risk factors [3]. Impor-
tantly, approximately one third of women diagnosed with
melanoma are of childbearing age [4]. In both the initiation
and progression of CM, a recent study indicated that ultra-
violet radiation is a major factor inducing DNA mutation
[5]. For the treatment of advanced malignant melanoma, an
anti-CTLA-4 IgG1 monoclonal antibody (also called ipili-
mumab) was approved by the United States in 2011 and in
Japan in 2015 [6]. Although overall survival of melanoma
patients has been improved by new treatments, prognosis

remains poor [7] and cutaneous melanoma metastases cause
treatment difficulty [8].

Recently, polymorphisms of epidermal growth factor
(EGF) G1380A, bFGF C754G and VEGF T460C have
been correlated with malignant melanoma susceptibility
and prognosis [9]. An EGF-based approach was therefore
adopted to investigate related genes involved in CM occur-
rence, and this may well aid future intervention and treat-
ment strategies.

EGF is a member of the epidermal growth factor super-
family and acts as a potential mitogenic factor with important
roles in different cell type growth, proliferation and differen-
tiation [10]. Moreover, EGFL7 has recently been considered
an important factor in vascular development and in carcino-
genesis associated with vascular tube formation [11, 12]. The
vascular development of melanoma tumors is closely related
to tumor angiogenesis [13], and the Notch signaling pathway
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is an important factor there because its activation can be
triggered by DII4 disruption [14].

While the Notch signaling pathway has only a small
number of core signaling components and simple molecular
design, it affects cell differentiation decisions across a wide
spectrum of metazoan species and a broad range of cell types
[15]. However, secreted EGFL7 has been reported to bind to
a Notch region involved in ligand mediated receptor activa-
tion and to be an antagonist in Notch signaling [16]. This
study therefore investigates the association between EGFL7
and the Notch signaling pathway in cutaneous melanoma.

Patients and methods

Ethics statement. The experiment was conducted in strict
accordance with Guidance on Laboratory Animal Experi-
ment Process (NSC398, 2006) released by Ministry of Science
and Technology of the People’s Republic of China and Guide
for the Care and Use of Laboratory Animals (NIH publi-
cation number 85-23, revised 1996). Efforts were made to
minimize both animal suffering and the number of animals
used. This study protocol was approved by the Institutional
Review Board of our hospital (No. 20130701) and written
informed consent obtained from all patients.

Subjects and specimen collection. From July 2012 to
May 2017, 65 patients diagnosed with malignant CM by
histological examination and who underwent surgical resec-
tion in our hospital pathology department were enrolled in
this study. A total of 65 resected CM tissues were collected.
The patients comprised 36 males and 29 females, aged from
29 to 82; 46 > 65 and 19 < 65. The inclusion criteria were
as follows: 1) patients had complete clinical-pathological
data; 2) no chemotherapy, radiotherapy or other new treat-
ment was received before the operation and 3) the patient
had no other primary tumors. The NSCLC stage was made
according to the TNM classification criteria with 16 stage I,
25 stage II-a and 24 stage II-b (no lymph node metastases in
stage I, regional lymph node metastases but without distant
metastasis in stage II). We then collected 65 specimens from
para-cancerous tissues as controls.

Hematoxylin-eosin (HE) staining. Fixed specimens
were de-waxed using terephthalaldehyde (Wuhan Kangdeli
Chemical, China). The slices were rinsed in ethanol, different
concentrations of ethanol and then distilled water, stained
by hematoxylin (Baiaolaibo Technology, China) for about 4
min and rinsed until the cell nuclei were stained blue. After-
wards, they were stained by rinsing in eosin, 95% ethanol
and absolute ethanol, followed by repeat process. The stained
specimens were immersed in xylene, sealed and labeled.
Finally, the specimens were analyzed by ordinary optical
microscope (Ausiwei Optical Instrument, China). The exper-
iment was repeated three times.

Immunohistochemical analysis. Tissue mass was fixed
by 10% formalin, embedded in paraffin and sliced (about
4mm). The slices were rinsed in xylene (20 min) and xylene

IT (20 min) for de-waxing, dehydrated by gradient alcohol
(100%, 90%, 80% and 70%). High-pressure antigen retrieval
was conducted as follows: immersing in citrate buffer at 95°C,
cooling and rinsing in phosphate buffered solution (PBS) for
three times (3 min each). For suppressing the endogenous
peroxidase activity, 50 pl of 3% hydrogen peroxide was added.
Successively, all slices were added with 50 pl blocking serum
for 30 min and cultured with rabbit anti-human EGFL7
polyclonal antibody (ab115786, 1:100 dilution, Abcam, UK)
in wet boxes in a refrigerator at 4°C overnight. Slices were
then re-warmed at 37 °C for 45 min and goat anti-rabbit IgG
labeled by biotin was added to each slice for 30 min at 37 °C.
Following adding with chain enzyme avidin, the specimens
were colored by diaminobenzidine (DAB) and counter-
stained with hematoxylin. Excess xylene was removed and
neutral gum was added. The slices were then placed on
slides with coverslips and were observed under a micro-
scope (DMM-300D, Shanghai Cai Kang Optical Instrument,
China). The result of the immunohistochemical analysis was
confirmed positive when brown particles appeared in the
cytoplasm. Five non-repetitive areas were randomly selected
on each slice under the microscope, and about 200 cells were
chosen in each area. The proportion of positive cells was
regarded as the positive expression rate.

RNA extraction and reverse transcription quantita-
tive polymerase chain reaction (RT-qPCR). Total RNA
was extracted using Trizol reagent (Thermo Fisher Scien-
tific, USA) and 5pug was used. The cDNA was synthesized
by reverse transcription kit (Abbiotec, USA) according to
instructions. All target genes were amplified in PCR using
a 25-ul system: 300 ng cDNA, 1xPCR buffer, 200 pmol/l
dNTPs, forward and reverse primers of 80 pmol/l each and
0.5 U Taq enzyme (Yuanye Biological Technology, China).
Reaction condition of RT-qPCR consisted of pre-denatur-
ation at 95 °C for 5 min, followed by 30 cycles of denaturation
at 95°C for 305, annealing at 60°C for 30s and extension at
70°C for 30s. U6 was utilized as the internal reference. The
primer sequences are shown in Table 1. The 2744 referred
to the relative expressions of target genes, with the formula
as follows: AACT= ACteperimentat growp — ACteontrol group ACt =
Ctyirna — Ctys. Ct is the logarithmic increase in the number
of amplification cycles required for the real time fluorescence
intensity of the reaction to reach a set threshold. The experi-
ment was conducted three times. This part is also suitable for
cell experiments.

Western blot assay. Total proteins were measured
according to the instructions of Radio Immunoprecipitation
Assay (RIPA) kit (Suolaibao Scientific Technology, China).
The transfected cells were rinsed three times in cold PBS,
added with protein lysate (60% RIPA + 39% sodium dodecyl
sulfate (SDS) + 1% protease inhibitor) into cell flask. After
being collected in an Ependorf (EP) tube, cells were then
lysed on ice for 30 min, centrifuged at 12,000 rpm and 4°C
for 30 min, followed by the supernatant being collected, and
then placed in an ice bottle. The bicinchoninic acid (BCA)
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protein assay kit (Shanghai Jining, China) tested protein
concentration. The SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) kit was applied to prepare 10% separation gel
and 5% stacking gel for the electrophoretic separation of
protein. Then, the protein specimens were transferred onto
nitrocellulose (NC) membranes and sealed with 5% bovine
serum albumin (BSA) at room temperature for an hour.
Subsequently, the diluted rabbit anti-mouse polyclonal
antibodies purchased from Abcam; EGFL7 (ab102796,
1:500), Notchl (ab52627, 1:1000), Hesl (ab71559, 1:200),
Bcl-2 (ab32124, 1:1000), Bax (ab32503, 1:1000) and HEY1
(ab154077, 1:500) were added and incubated overnight at
4 C. The specimens were then rinsed 3 times (10 min each)
with tris buffered saline tween (TBST). Skim milk (5%)
diluted secondary IgG/FITC polyclonal antibody. Specimens
were then incubated for an hour and rinsed three times with
TBST. Eikonogen (Shanghai Yingdian Detection Equipment,
China) and Bio-rad gel imaging system (MG8600, Beijing
Thmorgan Biotechnology, China) were employed for devel-
opment. IPP7.0 software (Media Cybernetics, Singapore) was
used for quantitative analysis. The gray value ratio of EGFL7,
Notchl, Hes1, Bcl-2 and Bax bands to band of internal refer-
ence of B-actin was considered relative protein expression.
The experiment was repeated three times.

Plasmid construction. The shRNA sequences were
designed according to the sequence of S-phase kinase-associ-
ated protein 2 (SKP2) reported by Genbank. This identi-
fied the target sequence in accordance with design princi-
ples. BLAST software determined the homology of other
non-related genes. The oligonucleotide chain that could
encode siRNA was designed based on the requirements
of the Pg-PU6/Neo carrier. Unrelated shRNA sequence
was synthesized by oligonucleotide fragments provided by
Shanghai SANGON Biological Engineering Technology
and Services. Carriers (ER0052 & ER0271, Kebai Biotech-
nology, China) and pSIREN (HAB 2-9, Huaao Technology,
China) linearized by Bam HI and Eco RI were inserted. After
annealing through the construction of recombinant plasmid
pSI-REN/S and pSIREN/CN, the ampicillin resistant colonies
of bacteria were chosen in transformed Escherichia coli
DH5a, then amplified and cultured. Plasmids were prepared
rapidly in small number and they underwent nucleic acid
sequencing and identification to select clones with correct
sequence for amplification and culture. The sequence with
best silencing effect was used for subsequent cell experi-
ments. The sequences of shRNA are shown in Table 2.

Cell culture, grouping and transfection. Human
melanoma cell line A375 purchased from Shanghai Insti-
tute of cell biology of Chinese Academy of Sciences was
incubated in Dulbecco’s Modified Eagles Medium (DMEM)
supplied with 10% fetal bovine serum (FBS) at 37°C and 5%
CO,. Cells were divided into blank, negative control (NC),
EGFL7-OE (cells transfected with overexpressed EGFL7),
EGFL7-shRNA1, DAPT (a Notch inhibitor) and EGFL7-
shRNA1 + DAPT groups. Cells in the logarithmic growth

Table 1. Primer sequences for RT-qPCR.

Gene Sequence (5’ - 3’)

EGEL7 Forward: TGAATGCAGTGCTAGGAGGG
Reverse: GCACACAGAGTGTACCGTCT

Notchl Forward: CGGGCGACGTCACCC
Reverse: TCGTCGATATTTTCCTCACAGTTC

Hesl Forward: TGGAAATGACAGTGAAGCACCT
Reverse: GTTCATGCACTCGCTGAAGC

Bel2 Forward: ATGTGTGTGGAGAGCGTCAACC
Reverse: TGAGCAGAGTCTTCAGAGACAGCC

Bax Forward: GAGGATGATTGCCGCCGTGGACA
Reverse: GGTGGGG GAGGAGGCTTGAGG

HEY1 Forward: CGAGGTGGAGAAGGAGAGTG
Reverse: CTGGGTACCAGCCTTCTCAG

. Forward: GCCCAGAGCAAGAGAGGCAT
B-actin

Reverse: GGCCATCTCTTGCTCGAAGT

Notes: RT-qPCR: reverse transcription quantitative polymerase chain
reaction; EGFL7: epidermal growth factor-like domain 7; HEY1: hairy/
enhancer-of-split related with YRPW motif protein 1; B-actin: beta-actin.

Table 2. The shRNA sequences.
Gene
EGFL7-shRNA1
EGFL7-shRNA2
EGFL7-shRNA3
NC-shRNA

Sequence
GGGCATCTGAGCCTTTCATCA
GCCTAAGGGAACTGCATTTAT
GCTCCACAAGGCTTTCTCAAG
ACTACCGTTGTTATAGGTG

Note: EGFL7: epidermal growth factor-like domain 7; shRNA: short hair-
pin RNA; NC: negative control

phase were inoculated in a 6-well plate. When cells grew
to a density of 70%, transfection was conducted in accor-
dance with the instructions of Lipofectamine 2000 kit (Invit-
rogen, USA). 100 pmol EGFL7-OE, EGFL7-shRNA1, DAPT,
EGFL7-shRNA1 + DAPT, blank and NC was then diluted
with 250 pl of serum-free Opti-MEM (Gibco, USA) to a final
concentration of 50nM cells, mixed, and incubated at room
temperature for 5 minutes. The Lipofectamine 2000 (5pl)
was diluted with 250 pl serum-free Opti-MEM and incubated
for 5 min at room temperature. The above two were mixed
and incubated at room temperature for 20 min. Following
incubation at 37°C and 5% CO, and culturing for 6-8 h, the
cells were further cultured in complete culture medium for
24-48 h for following experiments.
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetra-
zolium bromide (MTT) assay. After reaching about 80%
confluence, cells were washed twice with PBS, treated with
0.25% trypsin and made into single cell suspension, followed
by cell counting. Cells were then seeded in a 96-well plate
with a density of 3x10° — 6x10° cells/well (200 pl). Six repli-
cates were prepared with 200l per well. The medium was
replaced by medium contain 10% MTT solution (5 mg/ml,
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Guduo Biotechnology, China) at 24, 48 and 72 h for further
4-h culture. With the MTT solution aspirated, each well was
added with 100 pl of DMSO and shaken gently for 10 min in
order to dissolve the formazan crystals formed by living cells.
The optical density (OD) at 490 nm was measured by micro-
plate reader for cell viability. Each experiment was repeated
three times. Finally, the cell growth curve was drawn based
on time points as abscissa and OD values as ordinate.

Flow cytometry. After transfection for 48 h, 0.25% trypsin
treated collected cells. Cells were adjusted to a density of
1x10%/ml and 100 pL cell suspensions were centrifuged at
1,500 rpm. The supernatant was discarded. The cells were
collected, and 1 ml cells were added with 2 ml PBS, followed
by centrifugation. With the supernatant discarded, cold
ethanol (volume fraction of 70%) was added to fix cells at
4°C overnight. Cells were washed twice by PBS the following
day, and we collected 100 ul cell suspension (no less than
10°cells/ml) and used 1 ml propidium iodide (PI) solution
(50 mg/1) containing RNAase to stain cells. After avoiding
light for 30 min, cells were filtered by 300-mesh nylon net.
Flow cytometry recorded the wavelength of the red fluores-
cence at 488 nm to detect the cell cycle.

Annexin V-FITC/PI double staining then detected cell
apoptosis using the same process as in cell cycle detec-
tion. After incubation at 37°C with 5% CO, for 48 h, cells
were collected and washed with PBS twice before being
re-suspended in 20 pl buffer. Annexin V-FITC of 10 ul and
PI of 5 pl were mixed gently and reacted for 15 min in the
dark at room temperature and 300 yul buffer was added. Flow
cytometry recorded the wavelength of the red fluorescence
at 488 nm to detect cell apoptosis. (6HT, Wuhan Keliwa
Trading, China)

Tumor xenograft in nude mice. A total of 30 male nude
mice (age: 6-8 weeks; weight: 14-16 g) in pathogen free
condition were purchased from Shanghai Silaike Experi-
mental Animal Limited Company (Experimental Animal
Center of Chinese Academy of Sciences in Shanghai). Mice
were randomly classified into 6 groups with 5 in each group.
Cells were inoculated after anesthesia, and cells in each group
of logarithmic growth phase were re-suspended in 50%
Matrigel (BD, Biosciences, US) to adjust the cell concentra-
tion to 1x107 cell/ml. Single cell suspension (5x10° cells) of
0.5 ml was injected subcutaneously in each mouse in the left
axilla. After three-day free growth of tumor, the mice were
treated with intraperitoneal injection of 5 mg/kg cisplatin
every three days. The size of the tumor was determined by
digital caliper and tumor volume was estimated using the
formula volume = (lengthxwidth?)/2. The changes in tumor
growth rate were assessed by comparing the tumor volume
on that treatment day with the tumor volume on the first
treatment day; with a total of 21 days.

We then detected tumor microvascular density (MVD)
in the transfected mice by immunohistochemical analysis.
According to the method of Weidner et al., [17] for each
stained section, 3 highest MVD areas were selected under

x100 microscope. The number of brown blood vessels was
counted (x 200). Three visual fields were counted in each
specimen and the mean was calculated. Single red-stained
endothelial cell or endothelial cell collection was numbered;
regardless lumen formation. When the lumen was too large
with thick muscularis or when there were more than 8 red
cells in the lumen, these were not counted.

Statistical analysis. Data analysis was by SPSS 21.0
software (IBM Corp. Armonk, USA). Measurement data
is presented as mean + standard deviation. The differences
between two groups were analyzed using t-test, and statis-
tical analysis in multiple groups was by one-way analysis of
variance. A p<0.05 indicated statistical significance.

Results

Pathological observation of CM and para-cancerous
tissues. HE staining evaluated pathological changes, and
results under light microscope showed that the tumor was
composed of epithelioid cells, spindle cells and plasma cells
(Figure 1). Most cells were arranged in nests, cords, acinar
or were diffuse. Spindle tumor cells were mainly in bundle
distribution. Nuclear fission was common and tumor nuclei
were large with obvious eosinophilic nucleolus. Rich blood
vessels could be seen between interstitial cells. Some had
obvious hemorrhage and the boundary between tumor
tissues and surrounding tissues was unclear. In contrast, the
cell nucleolus of the para-cancerous tissues was clear and
there was no cell aggregation.

EGFL?7 is highly expressed in CM tissues. Since EGFL7
was confirmed to show abnormal expression in several
cancers, we employed immunohistochemical analysis to
detect the positive expression of EGFL7 in CM tissues
(Figure 2). EGFL7 positive-expression was mainly in the
cytoplasm and positive cells had yellow-brown granules.
The positive expression rate of EGFL7 in the para-cancerous
tissues was (12.45+3.11%), and that in the CM tissues was
(89.3245.31%); thus indicating EGFL7 expression was
notably elevated in the CM tissues (p<0.05).

EGFL7 and Notch related gene expression are elevated
in CM tissues. To study the mechanisms and functions of
EGFL7 and Notch related genes in CM tissues, their expres-
sions were detected via RT-qPCR and Western blot assay
(Figure 3). The results indicated that in contrast to the para-
cancerous tissues, protein and mRNA expressions of EGFL7,
Notchl, HES1, Bcl-2 and HEY1 in the CM tissues were
obviously increased and Bax mRNA and protein expression
decreased (p<0.05).

Down-regulation of EGFL7 inhibited the Notch
signaling pathway in transfected A375 cells. RT-qPCR and
Western blot assay measured the A375 cell expression of
EGFL7 and Notch related genes in each group after transfec-
tion (Figure 4). Results revealed no significant difference in
the EGFL7 and Notch related gene expression between the
blank and NC groups (p>0.05). Compared with the blank and
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Figure 1. HE staining of CM and para-cancerous human tissues under light microscope (x200). CM, cutaneous melanoma; HE, hematoxylin-eosin.
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Figure 2. Inmunohistochemical analysis indicated that EGFL7 expression was notably higher in the CM tissues than the paracancerous tissues. A)
Staining of EGFL expression in CM and para-cancerous tissues; B) EGFL7 positive expression rate in CM and para-cancerous tissues. Measurement
data is presented as mean * standard deviation. The differences between two groups were analyzed using t-test; *, p<0.05 compared with the para-
cancerous tissues; para-cancerous tissues (n=65); CM, cutaneous melanoma (n=65); EGFL7, epidermal growth factor-like domain 7.

NC groups, the mRNA and protein expressions of EGFL7,
Notchl, Hesl, Bcl-2 and HEY1 in the EGFL7-OE group were
up-regulated while Bax mRNA and protein expression were
down-regulated (p<0.05). In the EGFL7-shRNA1 group, the
mRNA and protein expressions of EGFL7, Notchl, Hesl,
Bcl-2 and HEY1 were remarkably reduced, but Bax mRNA
and protein expression was significantly increased (p<0.05).
When compared with the blank and NC groups, the mRNA
and protein expressions of EGFL7 in the DAPT group
showed no significant difference (p>0.05), and Notch1, Hesl1,
Bcl-2 and HEY1 mRNA and protein expressions significant
decreased. In contrast, Bax protein and mRNA expression
increased (p<0.05). The result of the EGFL7-shRNA1 +
DAPT group was the reverse of that in the EGFL7-OE group,
with significantly increased mRNA and protein expres-
sion of EGFL7, Notchl, Hesl, Bcl-2 and HEY1 and notably
decreased Bax mRNA and protein expression (p<0.05).
Down-regulated EGFL7 inhibited A375 cell prolif-
eration. We then investigated the effects of EGFL7 on the
proliferation of A375 cells using MTT assay, and Figure
5 results showed there was no significant difference in cell
proliferation ability at 24 hours. However, different prolif-
eration ability was noted at 48, 72 and 96 h, but there was

no difference in the blank and NC groups. The proliferation
ability of A375 cells in the EGFL7-OE group was signifi-
cantly enhanced (p<0.05), while the proliferation ability in
the EGFL7-shRNA1, DAPT and EGFL7-shRNA1 + DAPT
groups was reduced (p<0.05); thus indicating that decreased
EGFL?7 expression inhibits the proliferation of CM A375 cells
by suppressing the Notch signaling pathway.

EGFL7 repression facilitated A375 cell apoptosis by
inactivating the Notch signaling pathway. Flow cytometry
evaluated the regulatory effects of EGFL7 and Notch signaling
pathway on CM A375 cell apoptosis. Figure 6, depicts no
significant difference in cell apoptosis between the blank and
NC groups (p>0.05), but the apoptosis rate of the EGFL7-OE
group was significantly decreased (p<0.05). Nevertheless, the
apoptosis rate in the EGFL7-shRNA1, DAPT and EGFL7-
shRNA1 + DAPT groups increased significantly (p<0.05).
Therefore, EGFL7 repression promotes A375 cell apoptosis
by inhibiting the Notch signaling pathway.

Decreased EGFL7 affected A375 cell cycle distribution
by prolonging the GO/G1 phase and decreasing the S phase.
PI single-staining flow cytometry measured the regulatory
functions of EGFL7 and Notch signaling pathway on A375
cell cycle distribution. The results showed no significant
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blank and NC groups (p>0.05), these were all increased in
the EGFL7-OE group, while the EGFL7-shRNA1, DAPT and
EGFL7-shRNA1 + DAPT groups were decreased (p<0.05,
Figure 8).

Discussion

Malignant melanoma is one of the most aggressive form of
human skin cancer with a ten-year survival rate of approxi-
mately 24% for patients without distant metastases [18].

As a life-threatening malignancy with poor prognosis and
a relatively high burden of mortality in advanced stages,
the efficacy of current available therapeutic strategies of
melanoma is limited, with a survival rate of less than 10%
[19]. A recent study suggests that EGF expression is involved
in altered human melanoma prognosis, and this indicates
that tumor-derived EGF has a role in melanoma lymph node
metastasis [20].

Herein, we established that down-regulated EGFL7
suppressed the occurrence and development of CM by
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inhibiting the Notch signaling pathway. Our study found
high expression of EGFL7 in CM tissues, thus indicating
that EGFL7 is a key conductor in CM. Moreover, various
EGF polymorphisms have been reported to affect malignant
melanoma susceptibility and prognosis [9].

The EGF gene is located on human chromosome 4q25. It
spans approximately 110kb with 24 exons and 23 introns and
its over-expression is an important step in melanoma patho-
genesis [10] For example, heparin-binding-EGF is a proven
up-regulator in human melanoma, hepatocellular cancer,
breast carcinoma, colon cancer, pancreatic cancer, glioma
and glioblastoma through the cyclin D promoter [22]. EGF-8
promotes melanoma progression through coordinated Akt/
twist signaling [21], and the secreted EGF-8 protein is also
highly expressed in the vertical growth phase of melanoma
[21]. Expression of the membrane bound tyrosine kinase EGF
receptor is also elevated in advanced stages of melanoma,
thus indicating it is a significant factor in EGF melanoma
effects [23].

The EGFL7 protein is also known as Vascular Endothe-
lial-statin (VE-statin) and it is secreted by both endothelial
cells in normal tissues and in a variety of cancer cells [24].
It is a critical factor in carcinogenesis by affecting the devel-
opment of vascular tube formation and is highly expressed
in proliferating endothelial cells [12]. A previous study also
found that EGFL7 activation resulted from the automatic
dimerization of EGFRVIII trigged by EGFRwt in glioma
tissue [25].

Additionally, we confirmed that decreased EGFL7 inhib-
ited CM development through the suppression of the Notch
signaling pathway which is commonly associated with
tumorigenesis [26]. This pathway is widely implicated in

fundamental regulatory processes including cell proliferation
and apoptosis [27]. It also facilitates cancerous cell growth
in melanoma [28] and herein we established that Notchl
signaling is elevated in human melanoma specimens [29, 30].

Moreover, Notchl accelerated melanoma development
in a xenograft model by maintaining cell proliferation and
protecting cells from stress-induced cell death [30], and
it has proven a significant factor in melanoma progression
by promoting VGP primary melanoma cells growth, [31].
Notchl pathway activation is also widely acknowledged
to promote cancer development and act as direct cell-cell
communication in stem cell potential, cell fate determination
and lineage commitment [32]. All Notch-related proteins
are single-pass trans-membrane proteins with extracellular
arrays of specific EGF repeats which mediate direct contact
between ligand and receptor [33]. In addition, the extra-
cellular portion of Notch has many EGF-like repeats followed
by three cysteine-rich Notch/Lin12 repeats [34].

In conclusion, EGF is a member of the epidermal growth
factor super-family; regulating cell differentiation, growth
and proliferation [10]. The EGFL7 moiety’s critical role in
vascular development is closely related to melanoma tumor
angiogenesis, and consequent vascular tube formation has an
important function in carcinogenesis [11-13]. In addition,
the milk fat globule EGF-8 promotes melanoma progression
by coordinating AvB3 integrin signaling in the tumor micro-
environment [21].

Our combined results define the roles of down-regulated
EGFL7 in inhibiting CM development and finally, the
EGFL7-mediated regulation of the Notch signaling pathway
presents a novel mechanism for CM. EGFL7 could therefore
be a novel therapeutic target in cutaneous melanoma.
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