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Tumor angiogenesis plays an important role in the progression and metastasis of ovarian

cancer. EGFL6 protein is highly expressed in ovarian cancer and has been proposed to

play an important role in promoting tumor angiogenesis. Here, a CRISPR/Cas9 system

was used to knockout the EGFL6 gene in the ovarian cancer cell line SKOV3, using

specific guide RNA targeting the exons of EGFL6. The knockout of EGFL6 markedly

inhibited the proliferation, migration, and invasion of SKOV3 cells, as well as promoted

apoptosis of tumor cells. In the nude mouse model of ovarian cancer, knockout of

EGFL6 remarkably inhibited tumor growth and angiogenesis. The transcript profile assays

detected 4,220 differentially expressed genes in the knockout cells, including 87 genes

that were correlated to proliferation, migration, invasion, and angiogenesis. Moreover,

Western blotting confirmed that EGFL6 knockout downregulated the FGF-2/PDGFB

signaling pathway. Thus, the results of this study indicated that EGFL6 could regulate

cell proliferation, migration, and angiogenesis in ovarian cancer cells by regulating the

FGF-2/PDGFB signaling pathway.
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INTRODUCTION

Ovarian cancer is a kind of malignant tumor that poses serious threat to women’s health and is one
of the most lethal gynecological tumors (1, 2). Patients with ovarian cancer are often asymptomatic
in the early stages and, therefore, remain undiagnosed until at advanced stages of the disease
(3). Ovarian cancer exhibits heterogeneity and includes several subtypes, making its diagnosis
difficult and management complex (4). Ovarian cancer is often susceptible to traditional platinum-
chemotherapy drugs, albeit with a high recurrence rate and high chemotherapy resistance; it has
the highest morbidity rate among gynecological cancers (5).

Tumor angiogenesis plays an important role in the development and metastasis of tumors
(1, 6). The angiogenic factors of ovarian cancer can be targeted for inhibiting tumor growth
and metastasis. Treatment with bevacizumab has been successful previously, as it inhibits tumor
angiogenesis and metastasis (7, 8). During the progression of ovarian cancer, tumors could
promote angiogenesis by secreting angiogenic factors such as vascular endothelial growth factor
(VEGF), basic fibroblast growth factor (bFGF), and platelet-derived growth factor (PDGF), thereby
promoting the neoformation of tumor blood vessels and, in turn, metastasis of ovarian cancer
(9–11). Angiogenesis and its related genes have become a hotspot for research on targeted cancer
treatment in recent years.
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FIGURE 5 | Effect of EGFL6 knockout on tumor growth and angiogenesis in the ovarian cancer nude mouse model. Ovarian cancer cells with EGFL6 knockout (E10

and G11, 6 × 106 cells in 100 µl PBS) were injected subcutaneously in the right shoulder of BALB/c nude mice (n = 8). The SKOV3 cells were the control. (A) Tumors

stripped from the nude mice in different groups. (B) The curve of tumor weight changes in the nude mice in different groups. (C) Growth curve of tumors in different

groups. (D) Immunohistochemical assay of tumor blood and lymphatic vasculature and angiogenic factors. The blood vascular network was stained with anti-CD31

antibody. The lymphatic vasculature was stained with anti-LYVE1 antibody. The angiogenic factors were assayed with the antibodies against EGFL6, FGF2, PDGFB,

and VEGFA. *p < 0.05 and **p < 0.01 were considered statistically significant.

cells (Figure 6C). These results are consistent with the cell
function experiments, which showed that EGFL6 was associated
with proliferation, metastasis, and angiogenesis in ovarian
cancer cells.

A total of 87 genes related to proliferation, migration,
invasion, and angiogenesis of ovarian cancer cells were selected
for clustering heat map assays. The data showed that the
expression of FGF2, PDGFB, NOTCH1, and MAPK was
significantly downregulated in E10 cells, while the expression of
CXCL10, TNF, CASP10, and MMP was significantly upregulated
(Figure 6D).

In order to verify the relationship between EGFL6
downregulation and proliferation, metastasis, and angiogenesis,
the related signaling pathways were assayed. The Western blots
were used to validate the changes of some related molecules
in these pathways. The results showed that the expressions of
FGF-2, PDGFBB, and integrinβ1 were significantly decreased,
while the expression of VEGFA showed few changes. The
expression of intercellular adhesion molecule 1 (ICAM-1) was
reduced in E10 and G11 cells, which may also be a stimulating
factor for tumor metastasis. On the other hand, knockout of
EGFL6 in ovarian cancer cells could reduce the phosphorylation
level of Erk, Akt, and mTOR. In addition, proteins associated
with apoptosis, caspase3, caspase8, Bax, and Bcl-2 were altered
after knocking out EGFL6. Knockout of EGFL6 could inhibit

the expression of N-cadherin, MMP9, MMP2, and vimentin
and promote the expression of E-cadherin, which indicated that
the knockout of EGFL6 may result in the inhibition of EMT
in ovarian cancer cells. Furthermore, after re-expression of the
EGFL6 gene in E10 cells, the expression of these proteins showed
corresponding changes (Figure 6E).

DISCUSSION

The EGFL6 gene is highly expressed in embryos and most tumor
tissues (14–16). Buckanovich et al. (27) found that EGFL6 was
abundantly expressed in breast cancer, lung cancer, meningioma,
melanoma, and ovarian cancers compared with normal tissues,
and proposed that EGFL6 was a tumor blood vessel protein and
a biological marker of ovarian cancer. The role of EGFL6 in
carcinogenesis has been investigated in ovarian cancer but the
mechanism is unclear.

Proliferation plays an important role in the carcinogenesis of
tumors and is usually accompanied by cell cycle regulation and
apoptosis (28). Zhang et al. (29) and An et al. (23) reported that
knockdown of EGFL6 by shRNA could promote the apoptosis
of colorectal cancer and breast cancer, causing the change of
downstream Caspase-3 and Caspase-9. In our study, we found
that EGFL6 was highly expressed in ovarian cancer tissues from
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FIGURE 6 | Transcriptome analysis of ovarian cancer cells with EGFL6 knockout. (A) Venn diagram shows the number of co-expressed genes and unique genes

expressed by SKOV3 and E10, respectively. (B) Scatter plot of co-expressed genes between SKOV3 and E10. (C) KEGG enrichment of scatter plot. (D) Cluster

analysis of differential gene expression pattern. (E) Western blot assays of signal pathways related to proliferation, apoptosis, migration, invasion, and angiogenesis in

the cancer cells with EGFL6 knockout. *p < 0.05 were considered statistically significant.

patients, regardless of subtypes of the tumor. Moreover, we found
that deletion of EGFL6 could decrease the expression of Bcl-2
and increase the expression of Bax and Caspase-8, which could
activate the Caspase-3 signal pathway and cause apoptosis of
ovarian cancer cells. However, themechanism connecting EGFL6
and the cascade signal pathway associated with ovarian cancer
cell apoptosis requires further investigation.

Zhang et al. (29) reported that silencing of EGFL6 induced
cell cycle arrest with an accumulation of cells in the G0/G1 phase
and inhibition of the G1-S transition, consistent with the results
reported regarding ovarian cancer through the regulation of the
Wnt/β-catenin signaling pathway. In the canonicalWnt signaling
pathway, Wnt pathway activation increases the expression of β-
catenin which enters the nucleus and engages TCF transcription
factors, such as TCF7L2, activating target genes related to Wnt
pathway, regulating proliferation, cell cycle and apoptosis.

In addition, some studies have found that EGFL6 could play
roles through the SHP2/ERK and integrin/Tie2/Akt pathway
(22, 23). The other studies have indicated that EGFL6 may

bind to integrin proteins through RGD domain interaction with
integrin (30, 31). In this study, we found that the knockout of
EGFL6 could affect the signaling pathways for ovarian cancer
tumorigenesis, by activation of the integrin/Akt/mTOR and
MAPK/Erk pathways.

The MAPK and Akt signaling cascade are downstream
signal pathways for growth factor–receptor interactions. The
PI3K/Akt/mTOR and Ras/MAPK signaling pathways could
be activated by a variety of physiological stimuli, including
EGF, IGF, and FGF (32). Furthermore, Kano et al. (33) has
reported that VEGFA and FGF-2 synergistically could promote
neovascularization by enhancing endogenous PDGFB–PDGFRβ

neovascularization. It has been demonstrated that FGF-2 could
promote the expression of PDGFB mRNA (34, 35). In this
study, we found that the expression of FGF-2, PDGFB related
to tumor angiogenesis was significantly decreased after knocking
out EGFL6 in vivo and vitro. Furthermore, the results of heat map
analysis showed that the expression of FGF-2, FGFR-2, PDGFB,
PDGFR, and other growth factors were downregulated after the
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FIGURE 7 | The diagram of regulation by EGFL6 in tumor angiogenesis.

knockout of EGFL6. It was related with the PI3K/Akt pathway
transmits proliferation and anti-apoptotic survival signals in
cancer (36–38). Besides, activation of Ras/ERK pathway has
been regarded as one of the most important events in growth
factor signaling. Therefore, it is clear that there is crosstalk
between the PI3K/Akt and Ras/ERK pathways via the direct
interaction of Ras and PI3K (39, 40). In conclusion, this suggests
that promotion of the PI3K/Akt signaling pathway plays a role
in the tumorigenesis of ovarian cancer via promotion of cell
proliferation and inhibition of apoptosis.

We also found that EGFL6 could promote metastasis through
the EMT signal pathway in ovarian cancer tumor. As a potential
ligand of EGFR, EGFL6 could downregulate the expression of
E-cadherin, upregulate the expression of F-actin and Vimentin,
and promote metastasis of nasopharyngeal carcinoma through
the EMT signal pathway (41). Our results indicated that the
knockout of the EGFL6 gene could inhibit EMT in ovarian
cancer cells by upregulating the expression of E-cadherin and
downregulating the expression of N-cadherin, MMP2, MMP9,
and Vimentin. EMT could be regulated by a variety of factors,
such as TGFβ, FGF-2, PDGFB, VEGF, and other growth factors,
which play an important role in its induction of EMT (42, 43).
These growth factors activate Smad, MAPK, PI3K/Akt, Wnt,
Notch, and other signaling pathways through the corresponding
receptors, and upregulate and activate Snail, ZEB1, ZEB2, and
other EMT-related transcription factors through a signal cascade
reaction. These transcription factors inhibit epithelial marker
molecules, upregulate interstitial marker molecules, and cause
EMT of ovarian cancer cell (44, 45).

In conclusion, EGFL6 is an oncogenic gene involved in
multiple pathways influencing ovarian cancer cell proliferation,
metastasis, and angiogenesis. These functions are partially
regulated by the downstream genes FGF-2 and PDGFB
(Figure 7). However, the specific regulatory mechanism is still
unclear and needs to be further studied. EGFL6 might serve
as a therapeutic target and prognostic marker for ovarian
cancer. Therefore, understanding the function of EGFL6 in
ovarian cancer could have potential implications for diagnosis
and therapy.
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