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Abstract

Growth factor receptor bound protein 7 (GRB7) plays an important role in regulating the growth and
metastasis of ovarian cancer. Angiogenesis is the basis for the growth, invasion, and metastasis of
malignant tumors. In the current study, we aimed to determine whether GRB7 plays a role in regulating
angiogenesis in ovarian cancer. Immunohistochemistry on tissue microarray showed that GRB7 and
platelet endothelial cell adhesion molecule-1 (PECAM-1/CD31) protein expression were positively
correlated in ovarian cancer tissues. GRB7 knockdown suppressed vascular endothelial growth factor A
(VEGFA) expression and reduced VEGFA secretion. The effects of GRB7-silenced SKOV-3 cells on
human umbilical vein endothelial cells (HUVECs) were evaluated using a transwell cell co-culture
model, which showed that knockdown of GRB7 in SKOV-3 cells suppressed HUVEC proliferation,
migration, invasion, and tube formation. Moreover, knockdown of GRB7 in SKOV-3 cells
downregulated the expression of proteins associated with angiogenesis, including vascular endothelial
growth factor receptor-2 (VEGFR2), mitogen-activated protein kinase kinase 1 (MAP2K1/MEK1),
extracellular signal-regulated kinases 1 and 2 (ERK1/2), notch receptor 1 (NOTCH1), and delta-like
canonical Notch ligand 4 (DLL4) in HUVECS. In conclusion, knockdown of GRB7 in ovarian cancer
cells is an attractive potential therapeutic target for the suppression of angiogenesis in ovarian cancer.

GRB7 may regulate angiogenesis through VEGFA/VEGFR?2 signaling and its downstream pathways.

Keywords: ovarian cancer, GRB7, angiogenesis, co-culture, HUVECs



Introduction

According to the International ~Agency for Research on Cancer in 2020
(https://gco.iarc.fr/today/fact-sheets-cancers), ovarian cancer is the third most common gynecological
malignancy. Its age-standardized incidence rate was 6.6 per 100,000 worldwide, and its
age-standardized mortality rate was 4.2 per 100,000 worldwide. The 5-year survival rates of patients
with stage III and IV ovarian cancer are 41% and 20%, respectively [1]. Although>80% of patients
with stage III and IV ovarian cancer respond to surgery and adjuvant chemotherapy, approximately 80%
of these patients experience a relapse within 18 months [2-4]. Therefore, there is an urgent need to
develop new, effective treatment options to curb its recurrence and metastasis, improve the survival

status of patients with advanced disease, and increase survival.

With advancements in research on tumor molecular biology, targeted therapy is expected to be a more
effective and less toxic treatment strategy for patients with ovarian cancer [5, 6]. Angiogenesis is an
important aspect affecting both tumor growth and metastasis; its extent directly affects the clinical
outcome of cancers [7-9]. Several studies have shown that angiogenesis promotes the development,
progression, and metastasis of ovarian cancer [8, 10]. Anti-angiogenic therapy is a major research focus
for tumor-targeted therapy [11]. At present, some anti-angiogenesis targeted drugs, such as
bevacizumab, have been used to treat ovarian cancer and have improved patient outcomes [12].
Nonetheless, resistance to anti-angiogenesis-targeted drugs is inevitable. Therefore, further research on
ovarian cancer angiogenesis is indispensable to discover new targets for the development of new

targeted therapeutics.

Growth factor receptor bound protein 7 (GRB7) is an important adaptor protein that is primarily
involved in regulating tumor invasion and metastasis, as well as mammalian embryo migration [13].
Multiple studies have found that GRB7 is highly expressed in various tumor tissues, including ovarian
cancer tissues [13-16]. In vitro experiments have shown that silencing the expression of GRB7 can
significantly inhibit the migration and invasion of ovarian cancer cells [17]. A study using clinical
samples suggested that the GRB7/extracellular signal-regulated kinases (ERK)/forkhead box Ml
(FOXM1) signaling cascade is a promising molecular therapeutic target for ovarian cancer [18]. These
data suggest that GRB7 plays an important role in regulating the occurrence and development of
ovarian cancer. Although these studies have reported the function of GRB7, the mechanism of action is

not yet fully understood, with more in-depth research still needed.

In view of the important role of angiogenesis in ovarian cancer growth and metastasis, we hypothesized
that GRB7 might promote the growth and metastasis of ovarian cancer cells by regulating angiogenesis
to increase their blood supply. In the present study, we have assessed the role of GRB7 in angiogenesis
using clinical samples and an experimental cell-culture model, implicating the angiogenesis marker

protein, platelet endothelial cell adhesion molecule-1 (CD31) [19].



Materials and Methods

Chemicals and reagents

Sodium chloride, anhydrous ethanol, ethanol, methanol, anhydrous sodium sulfite, sodium thiosulfate,
and glacial acetic acid were purchased from Guangzhou Chemical Reagent (China). Diethyl Phosphate
buffer solution (PBS, pH 7.4), pyr-ocarbonate (DEPC) and polyoxyethy-lene sorbitan monolaurate
(Tween-20) were purchased from Sangon Biotech (Shanghai, China). Other chemicals and reagents
were all from Sigma (St. Louis, MO, USA).

Measurement of GRB7 and CD31 protein levels

The ovarian cancer tissue microarray was purchased from the Shanghai Outdo Biotech Company
(Shanghai, China). The serial number was HOvaC070PTO1. This microarray included 65 ovarian
cancer tissue samples. Immunohistochemistry to detect GRB7 and CD31 was performed by the
Shanghai Outdo Biotech Company using conventional protocols [20]. The dilution of anti-GRB7
antibody (catalog number: 10045-1-Ig, Proteintech Group, Inc., Rosemont, 1L, USA) was 1:200. The
dilution of anti-CD31 antibody (Catalog number: 11265-1-AP, Proteintech Group, Inc.) was 1:1000.
After excluding samples that detached from the glass and those with few tumor cells, 60 ovarian cancer

tissues met the requirements of analysis.

Correlation between GRB7 and CD31 expression

GRB7 and CD31 protein expression levels were scored according to the method described by Bollag et
al. [21]. The degree of staining was quantified by scoring for intensity (non-stained, 0; weakly stained,
1; moderately stained, 2; strongly stained, 3) and extent of staining (0-100%). The percentage of
positively stained tumor cells was multiplied by the degree of staining. The staining score was
calculated by multiplying the staining intensity score by the staining extent score (out of a maximum of
300%). The correlation between the expression levels of GRB7 and CD31 was analyzed using the
linear regression analysis tool of GraphPad Prism version 7.0 (GraphPad Software, San Diego, CA,
USA).

Cell culture

The human ovarian cancer cell line SKOV-3 cells were cultured in McCoy's 5A medium (Gibco, Logan,
UT, USA) containing 10% fetal bovine serum (Gibco). Human umbilical vein endothelial cells
(HUVECsS) were cultured in Ham’s F12 K medium (Gibco) with 10% fetal bovine serum, 100 pg/ml
heparin (Gibco), and 50 pg/ml endothelial cell growth supplement (Sigma, St. Louis, MO, USA). All
cells were cultured at 37 °C in a humidified atmosphere containing 5% CO,. All cells were purchased
from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China).

Transfection of small interfering ribonucleic acids (siRNAs)

Two siRNAs (siGRB7-1 and siGRB7-2) targeting two sites of the GRB7 coding region (siGRB7-1
targeting ccttgagaagtgcctcagata and siGRB7-2 targeting cgccaagtacgaactgttcaa) were designed and
synthesized by GenePharma Co., Ltd. (Suzhou, China). Negative control siRNA (NC) was used as a
control. NC, siGRB7-1, and siGRB7-2 was transfected into SKOV-3 cells using Lipofectamine
RNAIMAX according to the manufacturer’s instructions (Invitrogen, Carlsbad, CA, USA). Briefly,
SKOV-3 cells were seeded in 6-well plates. RNA-lipid complexes were prepared according to the



manufacturer’s instructions. When cell confluence reached approximately 70%, 250 pul RNA-lipid
complexes containing 25 pmol siRNA and 7.5ul Lipofectamine RNAIMAX reagent were added to the
cells. After culturing at 37 °C in a humidified atmosphere containing 5% CO, for 24 or 48 h, cells were

used for subsequent assays.

Quantitative reverse transcription PCR (qRT-PCR)

At 24 h after transfection, SKOV-3 cells were harvested using a cell scraper for qRT-PCR analysis [22].
Total RNA was extracted using the TRIzol reagent (Invitrogen). EasyScript First-Strand cDNA
Synthesis SuperMix was used for reverse transcription. The PCR mixture was prepared using SYBR
Green qPCR SuperMix (Vazyme Biotech Co., Ltd., Nanjing, China). PCR was performed using an ABI
PRISM® 7500 Sequence Detection System (Foster City, CA, USA). The primer sequences (5°-3") for
detecting GRB7 were TGCAGTACGTGGCAGATGTG (Tm 60 °C) and
GAAGATCCGAAGCCCCTTGT (Tm 59 °C). Primers for GRB7 were designed using Primer Premier
5.0 (PREMIER Biosoft International, Palo Alto, CA, USA). The primer sequences (5°-3”) used as an
internal expression control (18S ribosomal RNA) were CCTGGATACCGCAGCTAGGA and
GCGGCGCAATACGAATGCCCC [23].

Western blotting

At 48 h after transfection, SKOV-3 cells were harvested using a cell scraper for total protein isolation.
Western blotting was performed as described by Guo et al. [22]. All primary antibodies were purchased
from Proteintech Group, Inc., and their catalog numbers and dilutions were as follows: anti-GRB7
(Catalog number 10045-1-Ig; 1:1000), anti-vascular endothelial growth factor A (VEGFA)
(19003-1-AP, 1:2000), anti-vascular endothelial growth factor receptor-2 (VEGFR2) (26415-1-AP,
1:800), anti-mitogen-activated protein kinase kinase 1 (MAP2KI1/MEKI1) (28930-1-AP, 1:3000),
anti-extracellular signal-regulated kinases 1 and 2 (ERK1/2) (28733-1-AP, 1:4000), anti-notch receptor
1 (NOTCHI1) (20687-1-AP, 1:1000), anti-delta-like canonical Notch ligand 4 (DLL4) (21584-1-AP,
1:600), and anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (10494-1-AP, 1:6000).
GAPDH was used as the loading control.

Enzyme-linked immunosorbent assay (ELISA)

Culture supernatants of SKOV-3 cells were collected in centrifuge tubes. After centrifugation at
1000xg for 20 min to remove cell debris and impurities, the supernatant was sampled for ELISA to
measure extracellular of VEGFA. ELISA was performed according to the manufacturer’s instructions
of human VEGFA ELISA kit (ab119566, Abcam Company, Cambridge, MA, USA).

Co-culture of SKOV-3 and HUVECs

SKOV-3 cells were transfected with siRNAs. At 24 h after transfection, they were harvested using 0.25%
trypsin digestion for co-culture with HUVECs in a 24-well transwell system (Corning Incorporated,
Corning, NY, USA) [24]. For the Cell Counting Kit-8 (CCKS8) assay, diamidinyl phenyl indole (DAPI)
staining, scratch wound healing assay, and Matrigel tube formation asasy, HUVECs were seeded in the
lower chamber of the transwell system, and SKOV-3 cells transfected with either NC, siGRB7-1, or
siGRB7-2 were seeded in the upper chamber of the transwell system. For transwell migration and
invasion assays, HUVECs were seeded in the upper chamber, and SKOV-3 cells transfected with either
NC, siGRB7-1, or siGRB7-2 were seeded in the lower chamber. HUVECs co-cultured with SKOV-3



cells transfected with different siRNAs were named HUVECs-NC, HUVECs-siGRB7-1, and
HUVECs-siGRB7-2.

CCKS assay

Co-culture was performed as described previously. The assay was performed according to the
manufacturer’s instructions using a CCKS8 kit (Jiangsu KeyGEN BioTECH, China) [25]. After
co-culture for 0, 1, 2, or 3 days, 100 ul CCKS solution (10% volume of culture medium) was added to
the lower chamber of the transwell system. After incubation at 37 °C in a humidified atmosphere
containing 5% CO,., optical density (OD) was measured at 450 nm using a microplate reader
(Multiscan MK3; Thermo Fisher Scientific, Waltham, MA, USA). The proliferation rate was calculated

using the following formula:

( 0D value of test group
0D value of NC group at day 0

1) x 100

DAPI staining

After 48 h of co-culture, DAPI staining was carried out as described by Chazotte [26]. HUVECs-NC,
HUVECs-siGRB7-1, or HUVECs-siGRB7-2 on glass slides were washed three times with
phosphate-buffered saline (PBS). Cells were fixed with 3.7% formaldehyde for 10 min and rinsed three
times with PBS. Next, the cells were treated with 0.2% Triton X-100 for 5 min to permeabilize the cells.
After rinsing three times with PBS, cells were incubated with DAPI staining solution (Boster, Wuhan,
China) for 10 min. After washing three times with PBS, the cells were covered with antifade mounting

medium (Beyotime, Shanghai, China) and observed using a fluorescence microscope.

Scratch wound healing assay
After 24 h of co-culture, the assay was performed following the method reported by Dai et al. [27]. The
wound healing rate was calculated using the formula: (1-wound area at cych time point = WoUNd area ¢p,)

100% (same sample).

Migration and invasion assays

Co-culture of HUVECs and SKOV-3 cells was performed as described above. Transwell migration and
transwell Matrigel invasion assays were performed as described by Guo et al. [22]. The upper chamber
was removed, and the medium was aspirated after 24 h of co-culture. Cells on the inner surface of the
upper chamber that did not cross the polycarbonate membrane were gently wiped with a cotton swab.
Next, the upper chamber was placed in a new 24-well plate with 600 puL of 4% paraformaldehyde and
fixed for 20-30 min. After discarding the fixative, cells were stained with 0.1%-0.2% crystal violet for
10 min and washed three times with phosphate-buffered saline to remove unbound crystal violet. The
dye on the inner surface of the upper chamber was wiped with a cotton swab. After air-drying, eight
fields of view were randomly selected and analyzed under a light microscope. The average number of
counted cells was used to assess the migration and invasion capabilities. For the transwell invasion
assay, the inner surface of the upper chamber was coated with Matrigel (BD Biosciences), and the

migration assay was performed using the same protocol as described for the migration assay.

Matrigel tube formation assay

The Matrigel tube formation assay was performed as described by Shi et al. [25]. after 24 h of

6



co-culture at 37°C in a 5% CO, incubator, tube formation in HUVECs was observed under a
microscope (40x) and photographed. The number of tubes in each image was counted, and the average

number was used to evaluate HUVEC tube formation.

Statistical analysis

The results from three independent experiments are shown as means =+ standard deviation. Differences
between two groups were analyzed using ¢-tests performed using GraphPad Prism (version 7.0,
GraphPad Software, San Diego, CA, USA). Correlations between expression levels of CD31 and
GRB?7 in ovarian cancer tissues was analyzed by linear regression analysis using GraphPad Prism

version 7.0. Statistical significance was set at P < 0.05.



Results

We hypothesized that GRB7 may play an important role in angiogenesis in ovarian cancer. To test this
hypothesis, we first analyzed the expression of GRB7 and CD31 proteins in ovarian cancer tissues by
immunohistochemistry. Furthermore, we analyzed the effect of GRB7 knockdown in SKOV-3 cells on
the proliferation, migration, invasion, and tube formation of HUVECs, as well as on the expression

levels of proteins associated with angiogenesis in HUVECs using a transwell co-culture model.

The protein expression of GRB7 and CD31 was positively correlated in ovarian cancer tissues

The protein expression of GRB7 and CD31 in ovarian cancer tissues was analyzed using
immunohistochemistry. By imaging the same site in the same cancer tissue, we found that the
expression of GRB7 and CD31 was significantly correlated (Fig. 1a). To analyze their correlation more
accurately, their expressions were scored using linear regression analysis. As shown in figure 1b, the
protein expression of GRB7 and CD31 was positively correlated (r = 0.5662, P < 0.01). Despite this

observation, we found that the regions highly expressing GRB7 and CD31 in ovarian cancer tissues

were different (Fig. 1a).

a o GRB7 - CD31
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Fig. 1 GRB7 and CD31 expression is positively correlated in ovarian cancer tissues a:
Immunohistochemical images of GRB7 and CD31 in ovarian cancer tissues from three different patients.
Images are magnified at 200x. b: The positive correlation between GRB7 and CD31 expression (n=60

per group) was analyzed using linear regression analysis. r, correlation index.



Knockdown of GRB?7 decreases intracellular and extracellular levels of VEGFA in SKOV-3 cells
To avoid off-target effects, two GRB7 siRNAs targeting different sequences of the GRB7 coding region
were transfected into SKOV-3 cells to knock down GRB7 expression. As shown in figures 2a and 2b,
both mRNA and protein levels of GRB7 were significantly decreased by the two siRNAs. In addition,
the intracellular and extracellular levels of VEGFA in SKOV-3 cells were assessed by western blotting
and ELISA. Compared to the NC group, the levels of intracellular and extracellular VEGFA decreased
distinctly in SKOV-3 cells transfected with siGRB7-1 or siGRB7-2 (Fig. 2¢ and 2d), suggesting that
knockdown of GRB7 not only suppressed the expression of VEGF, but also reduced the secretion of
VEGFA.
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Fig. 2 Knockdown of GRBY7 decreases intracellular and extracellular levels of VEGFA in of SKOV-3 cells.
a-b: GRBY7 was silenced using two siRNAs targeting GRB7 (siGRB7-1 or siGRB7-2). NC, transfected
with negative control siRNA. a: GRB7 mRNA expression measured by gRT-PCR. b: GRB7 protein
expression measured by western blotting. c: Knockdown of GRB7 suppression of expression of
intracellular VEGFA measured by western blotting. d: Knockdown of GRB7 reduces the secretion of
VEGFA as measued by ELISA. Bar graphs show means * standard deviations from three independent

experiments. *P<0.05 compared to NC.

Knockdown of GRB7 in SKOV-3 cells suppresses HUVEC proliferation

Because of the dissimilar location of GRB7 and CD31 expression in ovarian cancer tissues, a
contactless transwell co-culture system was designed to investigate the role of GRB7 in angiogenesis.
First, we evaluated the effect of GRB7 knockdown in SKOV-3 cells on HUVEC proliferation by DAPI
staining and CCKS8 assays. Cell numbers per field (Fig. 3a and 3b) and the proliferation rate (Fig. 3c)
were reduced in both HUVECs-siGRB7-1 and HUVECs-siGRB7-2 cells than in the HUVECs-NC
group, indicating that knockdown of GRB7 in SKOV-3 cells suppressed the proliferation of HUVECs.
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Fig. 3 Knockdown of GRB7 in SKOV-3 cells suppresses HUVEC proliferation. HUVECs were seeded in
the lower chamber of a transwell insert and SKOV-3 cells transfected with negative control siRNA (NC) or
siRNAs targeting GRB7 (siGRB7-1 or siGRB7-2) were seeded in the upper chamber of the transwell
insert. HUVECs co-cultured with SKOV-3 cells transfected with different siRNAs are designated as
HUVECs-NC, HUVECs-siGRB7-1, and HUVECs-siGRB7-2. a-b: DAPI staining showing that GRB7
knokdown in SKOV-3 cells decreased the cell number per field. Images in panel a are magnified at 200x.
c: CCK8 assay showing that GRB7 knokdown in SKOV-3 cells suppressed the proliferation of HUVECs.
Bar graphs show means + standard deviations from three independent experiments. *P<0.05 compared
to HUVECs-NC.

Knockdown of GRB7 in SKOV-3 cells suppresses HUVEC migration and invasion

We further evaluated the effect of GRB7 knockdown on the migration and invasion of HUVECs using
scratch wound healing, transwell migration, and transwell invasion assays. Wound healing from 6 h to
48 h after scratching was slower (Fig. 4a), and migrated or invasive cell numbers were lower (Fig. 4b)
in both HUVECs-siGRB7-1 and HUVECs-siGRB7-2 groups than in the HUVECs-NC group,
indicating that knockdown of GRB7 in SKOV-3 cells suppressed the migration and invasion of
HUVEC:s.
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Fig. 4 Knockdown of GRB7 in SKOV-3 cells suppresses HUVEC migration and invasion. For the
wound-healing assay, HUVECs were seeded in the lower chamber of a transwell insert, and SKOV-3
cells transfected with negative control siRNA (NC) or siRNAs targeting GRB7 (siGRB7-1 or siGRB7-2)
were seeded in the upper chamber of the transwell insert. For transwell migration and transwell-matrigel
invasion assays, HUVECs were seeded in the upper chamber, and SKOV-3 cells transfected with NC,
siGRB7-1 or siGRB7-2 were seeded in the lower chamber. HUVECs co-cultured with SKOV-3 cells are
designated as HUVECs-NC, HUVECs-siGRB7-1, and HUVECs-siGRB7-2. a: Knockdown of GRBY7 in
SKOV-3 cells slows healing, indicating that it supresses migration. Images in panel a are magnified at
40x. b: Knockdown of GRB7 in SKOV-3 cells reduced both migrating and invading cell numbers. Images
in panel b are magnified at 100x. Bar graphs show means + standard deviations from three independent
experiments.*P<0.05 compared to HUVECs-NC.

Knockdown of GRB7 in SKOV-3 cells suppresses tube formation by HUVECs

In addition to proliferation and metastasis, we also evaluated the effect of GRB7 knockdown in on tube
formation using a Matrigel assay. The number of tubes formed by HUVECs was lower in both
HUVECs-siGRB7-1 and HUVECs-siGRB7-2 groups than in the HUVECs-NC group (Fig. 5).
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Fig. 5 Knockdown of GRB7 in SKOV-3 cells suppresses tube formation by HUVECs. HUVECs were
seeded in the lower chamber of a transwell insert precoated with Matrigel, and SKOV-3 cells transfected
with negative control siRNA (NC) or siRNAs targeting GRB7 (siGRB7-1 or siGRB7-2) were seeded in the
upper chamber of the transwell insert. HUVECs co-cultured with SKOV-3 cells transfected with different
siRNAs are designated as HUVECs-NC, HUVECs-siGRB7-1, and HUVECs-siGRB7-2. After 6 h, fields
were randomly selected and photographed. Images are magnified at 40x. Bar graphs show means +

standard deviations from three independent experiments. *P<0.05, when compared to HUVECs-NC.

Knockdown of GRB7 in SKOV-3 cells inactivates the expression of proteins associated with
angiogenesis

To further characterize the mechanism of action, we analyzed the effect of GRB7 knockdown on the
angiogenesis-associated protein expression. As shown in Figure 6, the protein levels of VEGFR2,
p-MEK1, p-ERK1/2, NOTCH1, and DLL4 were downregulated in both the HUVECs-siGRB7-1 and
HUVECs-siGRB7-2 groups compared to those in the HUVECs-NC control cells (Fig. 6).
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Fig. 6 Knockdown of GRB7 in SKOV-3 cells decreases the expression of proteins associated with
angiogenesis. HUVECs were seeded in the lower chamber of a transwell insert, and SKOV-3 cells
transfected with negative control siRNA (NC) or siRNAs targeting GRB7 (siGRB7-1 or siGRB7-2) were
seeded in the upper chamber of the transwell insert. These conditions are designated as HUVECs-NC,
HUVECs-siGRB7-1, and HUVECs-siGRB7-2. After co-culture for 24 h, HUVECs were harvested for
western blotting to measure the expression of VEGFR2, p-MEK1, p-ERK1/2, NOTCH1, and DLL4.
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Discussion

To date, no study has reported a role for GRB7 in tumor angiogenesis. In this study, we observed an
association between GRB7 and angiogenesis in ovarian cancer. Our data provide a new theoretical
basis and research direction for the design and development of anti-vascular drugs for the treatment of

ovarian cancer.

Both mRNA and protein levels of GRB7 are frequently upregulated in ovarian cancer samples
compared to normal ovary control samples [16]. Platelet endothelial cell adhesion molecule-1 (CD31)
is primarily expressed on the surface of endothelial cells, leukocytes, and platelets, and has been
implicated in endothelial cell migration, angiogenesis, adhesion and accumulation of platelets, and
inflammation [19, 28]. CD31 is used as a marker to assess vessel density and tumor angiogenesis
[29-31]. We found that GRB7 and CD31 expression levels in ovarian cancer tissues were significantly
correlated. Therefore, we hypothesized that GRB7 may play a role in regulating angiogenesis in

ovarian cancer.

Our hypothesis was further supported by data from a cell-culture model. First, we found that
knockdown of GRB7 decreased the intracellular and extracellular levels of VEGFA in SKOV-3 cells.
VEGFA is the most important vascular endothelial growth factor (VEGF) [32]. It has the highest
specificity for inducing tumor angiogenesis [33, 34]. Therefore, the suppressive effect of GRB7 on
VEGFA is consistent with GRB7 playing a role in regulating angiogenesis in ovarian cancer. In
addition, data from a non-contact transwell cell co-culture model showed that knockdown of GRB7 in
SKOV-3 cells suppressed HUVEC proliferation, migration, invasion, and tube formation. Tumor
angiogenesis is a very complex process that generally includes vascular endothelial matrix degradation,
endothelial cell migration, endothelial cell proliferation, vascular branching of endothelial cells to form
vascular rings, and formation of new basement membranes [32, 35]. Our results indicate that
knockdown of GRB7 in SKOV-3 cells suppresses endothelial cell function during angiogenesis.
Moreover, GRB7 knockdown downregulated the expression of proteins associated with angiogenesis,
including VEGFR2, MAP2K1/MEK1, ERK1/2, NOTCHI1, and DLL4. These findings further support
our hypothesis that GRB7 plays a role in regulating angiogenesis in ovarian cancer. Currently, there are
no reports regarding the role of GRB7 in regulating tumor angiogenesis. Our data suggest that GRB7

has potential as a target for the development of anti-angiogenic drugs.

We propose that GRB7 may regulate angiogenesis through VEGFA/VEGFR2 signaling. This
hypothesis is supported by the following data: 1) the regions expressing high levels of GRB7 and
CD31 in ovarian cancer tissues were different; 2) knockdown of GRB7 decreased extracellular levels of
VEGFA in SKOV-3 cells; 3) knockdown of GRB7 in SKOV-3 cells decreased the protein levels of
VEGFR2 in co-cultured HUVECs; and 4) Knockdown of GRB7 in SKOV-3 cells decreased the protein
levels of p-MEK1 and ERK1/2. Among the three high-affinity receptors of VEGFA, VEGFR-1/Flt-1,
VEGFR-2/KDR/Flk-1, and VEGFR-3/Flt-4, VEGFR?2 is the primary regulator of angiogenesis [33, 36].
The MEK/ERK signaling pathway can be activated by VEGFA binding to VEGFR2 [36, 37]. Therefore,
GRB7 may function in angiogenesis through the VEGFA/VEGFR2/MEK/ERK signaling pathway.

Besides the VEGFA/VEGFR2/MEK/ERK signaling pathway, we also found that knockdown of GRB7
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in SKOV-3 cells decreased the expression of NOTCH1 and DLL4. DLL4 regulates the formation of tip
cells during angiogenesis through Notch [38]. Both VEGF and Notch ligands are key players in
angiogenesis that collaborate dynamically [39]. Moreover, other signals, such as JAK/STAT3 signaling,
have roles in cancer angiogenesis [40]. The focus of this study was to analyze the role of GRB7 in
angiogenesis, and the molecular mechanism is only preliminary. In future studies, we will further

explore the mechanism of GRB7 action.

Conclusion

In conclusion, GRB7 plays a role in regulating angiogenesis in ovarian cancer; reducing its expression
may be a promising strategy to suppress angiogenesis in patients with ovarian cancer. GRB7 may play
arole in angiogenesis through VEGFA/VEGFR2 signaling and its downstream pathways. In the present
study, we did not explore the mechanism by which GRB7 regulates the expression and secretion of
VEGFA in ovarian cancer cells. This is one of its limitations. We will address this issue in future

studies.
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