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Akt‑activated endothelium promotes 
ovarian cancer proliferation through notch 
activation
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Abstract 

Background:  One main challenge in ovarian cancer rests on the presence of a relapse and an important metastatic 
disease, despite extensive surgical debulking and chemotherapy. The difficulty in containing metastatic cancer is 
partly due to the heterotypic interaction of tumor and its microenvironment. In this context, evidence suggests that 
endothelial cells (EC) play an important role in ovarian tumor growth and chemoresistance. Here, we studied the role 
of tumor endothelium on ovarian cancer cells (OCCs).

Methods:  We evaluated the effect of activated endothelial cells on ovarian cancer cell proliferation and resistance to 
chemotherapy and investigated the survival pathways activated by endothelial co-culture.

Results:  The co-culture between OCCs and E4+ECs, induced an increase of OCCs proliferation both in vitro and 
in vivo. This co-culture induced an increase of Notch receptors expression on OCC surface and an increase of Jagged 
1 expression on E4+ECs surface and activation of survival pathways leading to chemoresistance by E4+ECs.

Conclusion:  The targeting of aberrant NOTCH signaling could constitute a strategy to disrupt the pro-tumoral 
endothelial niche.
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Background
The concept of cancer as a cell-autonomous disease has 
been challenged by the wealth of knowledge gathered in 
the past decades on the importance of tumor microen-
vironment (TM) in cancer progression and metastasis 
[1, 2]. The significance of endothelial cells (ECs) in this 
scenario was initially attributed to their role in neo-
angiogenesis that in fact is critical for tumor initiation 
and growth. Nevertheless, the identification of endothe-
lial-derived angiocrine factors illustrated an alternative 

non-angiogenic function of ECs contributing to both 
physiological and pathological tissue development. Gene 
expression has demonstrated different patterns of expres-
sion in endothelial cells extracted from tumor, imply-
ing bilateral cross-talk [3]. ECs from tumor display a 
proangiogenic phenotype regulated by the activation of 
the phosphatidylinositol 3-kinase/Akt pathway [4]. Our 
team, among others, showed that cancer cells were able 
to activate Akt pathway in normal endothelium [5–7]. 
We also demonstrated that Akt-activated ECs provide a 
notch-dependent pro-tumoral niche enhancing breast 
cancer survival, stemness and pro-metastatic properties 
[8].

Although classically known for its role in embryonic 
development, the Notch pathway is now being recog-
nized for its deregulation in cancer [5, 8, 9]. Within all 
four Notch receptors, Notch3 is amplified in ovarian can-
cer and associated with its progression [10]. Activation 
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of Notch3 dependent pathway in ovarian cancer regu-
lates ovarian cancer cells (OCC) adhesion to peritoneal 
cells and cancer cell metastatic outgrowth [11]. Patients 
with high grade serous ovarian adenocarcinomas show-
ing high Notch3 expression have a significantly worse 
clinical outcome, including reduced overall survival and 
shortened progression-free survival than patients with 
low Notch3 expression [12].

In this study, we aimed to explore the role of tumor 
ECs on OCC. To model tumor endothelium, we used 
our model of Akt-activated endothelial cells (E4+ECs). 
We demonstrated that Notch3 activation by Endothelial-
Jagged1 leads to increased proliferation and chemoresist-
ance in OCC.

Methods
Cell cultures
Ovarian cancer cell lines Skov3 were purchased from 
ATCC and cultured following ATCC recommendations 
(ATCC, Manassas, VA, USA). A primary ovarian cancer 
cell line was derived in our laboratory from ascites of a 
patient with Stage III serous adenocarcinoma (APOCC). 
The cell lines were cultured in DMEM high glucose 
(Hyclone, Thermo Scientific), 10% FBS (Hyclone, Thermo 
Scientific), 1% Penicillin–Streptomycin-Amphoteri-
cyn B solution (Sigma), 1X Non-Essential Amino-Acid 
(Hyclone, Thermo Scientific) and 1% l-glutamine. Cul-
tures were incubated in humidified 5% CO2 incubators at 
37 °C and the media was replaced every 3 days.

We used our model of HUVECs with autonomous Akt-
activation surviving in the absence of FBS and cytokines 
(ECs) as a surrogate for tumor-associated endothelium 
[5–7, 13]. E4orf1 transfected HUVEC (E4 + EC) were 
obtained as previously described [14]. HUVECs were 
purchased from ATCC and cultured following ATCC rec-
ommendations (ATCC, Manassas, VA, USA). Cells were 
cultured in endothelial cell growth medium (Medium 
199, 20% (v/v) fetal bovine serum (FBS), 20  μg  ml–1 
endothelial cell growth supplement (Hallway), 1% (v/v) 
antibiotics (Hallway), and 20 units ml–1 heparin). In the 
E4 + EC model the transfection of the adenoviral cassette 
E4orf1 in HUVECs provides low level of Akt activation 
allowing the use of serum-free, cytokine-free media with-
out inducing immortalization nor altering the endothelial 
phenotype [14].

Xenograft study
All animal procedures were approved by the institutional 
animal care and use committee (IACUC) of Weill Cor-
nell Medical College. For OCC xenografts, 26105 Skov3 
cells were injected solely, or in 1:10 mixture with either 
26106 E4 + ECs, subcutaneously into NOD.Cg-Prkdcs-
cid Il2rgtm1Wjl/SzJ (NSG) recipient mice. Seven weeks 

post xenograft injection, tumors were isolated for quan-
tification and imaging. Isolated tumors were immedi-
ately embedded in Tissue-Tek embedding media (Sakura, 
4583) and were then snap frozen in liquid nitrogen. Con-
sequently, 5-mm sections were prepared and stained with 
PE-CD31 antibody (BD Biosciences, 560983) to check 
blood vessel density. Images were taken from tumor foci 
with Nikon Eclipse TE 2000-U.

Cell proliferation assay
Cells were plated at 50,000 cells per well in a 6 well plate 
in medium without FBS. Cells were then counted with 
a hemocytometer for the following 6 days every 2 days. 
Two wells were counted per condition. The experiment 
was performed in triplicate.

SiRNA treatment
siRNA against human Jagged1 (Santa Cruz biotechnol-
ogy) were introduced into cells by lipid mediated trans-
fection using siRNA transfection medium, reagent and 
duplex (Santa Cruz biotechnology) following manufac-
turer recommendations. Briefly the day before transfec-
tion cells were plated at 2, 5·105 cells per well in 2  ml 
antibiotic-free normal growth medium supplemented 
with FBS. Cells were incubated until they reach 60–80% 
confluence. The duplex solution containing the siRNA 
is then added to the cells. After 5 to 7 h, antibiotics are 
added in each well and the cells are incubated for 24  h 
more. The media is then replaced by normal growth 
media and cells are used for experiments and assay by 
RT-PCR to analyze the expression of Jagged1 gene.

shRNA transfection
Lentiviral particles containing shRNA against human 
Jagged1 (sc-37202-V), scrambled lentiviral particles (sc-
108080), and polybrene (sc-134220) were purchased from 
Santa Cruz Biotechnology (USA). In summary, E4-ECs 
were cultured up to 50% confluence and were then 
treated with polybrene and lentiviral particles containing 
shRNA against Jagged1 or scrambled particles. Trans-
fected cells were then selected using puromycin (Sigma, 
USA), and down-regulation of Jagged1 was assessed by 
qPCR [6].

Flow cytometry
Fluorescence (FL) was quantified on a SORP FACSAria2 
(BD Biosciences) as previously described [13, 15]. Data 
were processed with FACSDiva 6.3 software (BD Bio-
sciences). Doublets were excluded by FSC-W x FSC-H 
and SSC-W x SSC-H analysis. eGFP fluorescence was 
acquired with 488 nm blue laser and 510/50 nm emission, 
EpCam APC conjugated (BD Biosciences) was acquired 
with 647 nm red laser and 670/14 nm emission, Pkh red 
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fluorescence was acquired with 535  nm green laser and 
582/15 nm emission. Charts display the median of fluo-
rescence intensity (mfi) relative to control. Single stained 
channels were used for compensation and fluorophore 
minus one (FMO) controls were used for gating. 20,000 
events were acquired per sample. Viability was assessed 
by flow cytometry evaluation of Calcein AM staining 
as described by the manufacturer (Live Dead Viability/
Cytotoxicity Kit, Molecular Probes, Invitrogen).

Confocal microscopy
The interactions between PKH26+OCCs and 
GFP+E4 + ECs in angiosphere were imaged using a Zeiss 
confocal Laser Scanning Microscope 710 (Carl Zeiss). 
Post-acquisition image analysis was performed with 
Zeiss LSM Image Browser Version 4.2.0.121 (Carl Zeiss). 
Spheres were imaged live using glass bottom microwell 
plates (MatTek Corporation, USA).

Western blots analysis
Western blots were carried out as previously described 
[16]. Immunostaining was carried out using a goat mon-
oclonal antibodies against phospho-Akt (S473) (Cell 
Signaling #9271) and actin (1/1000, Cell signaling) and 
a secondary polyclonal mouse anti-goat antibody HRP 
conjugated (1/2000, cell signaling). Blots were developed 
using HRP and chemiluminescent peroxidase substrate 
(#CPS1120, Sigma). Data were collected using Geliance 
CCD camera (Perkin Elmer), and analyzed using ImageJ 
software (NIH).

RNA sequencing, gene expression and pathway analysis
RNA was extracted using RNeasy mini kit Qiagen kit 
and all RNA quality was assessed using the Agilent RNA 
6000 Nano kit on the Agilent 2100 Bioanalyzer. Paired-
end sequencing was performed on Illumina Hiseq  2500 
after library creation using the Nugen Ovation Single 
Cell kit. Raw reads were deduplicated and aligned with 
RNA STAR in 2-pass mode to HG19 using GENCODE 
annotations. Gene read counts were obtained with Rsub-
read using gencode v.19 annotation and passed to EdgeR 
for differential expression analysis. Significant differen-
tially expressed genes were those that with an FDR less 
than 0.05. Significant differentially expressed genes were 
uploaded to Reactome (Oct. 16, 2018) using no interac-
tors. Significant pathways were those with an FDR less 
than 0.05.

Statistical analysis
All quantitative data were expressed as mean ± standard 
error of the mean (SEM). Statistical analysis was per-
formed by using SigmaPlot 11 (Systat Software Inc., Chi-
cago, IL). A Shapiro–Wilk normality test, with a p = 0.05 

rejection value, was used to test normal distribution of 
data prior further analysis. All pairwise multiple com-
parisons were performed by one way ANOVA followed 
by Holm–Sidak posthoc tests for data with normal dis-
tribution or by Kruskal–Wallis analysis of variance on 
ranks followed by Tukey posthoc tests, in case of failed 
normality test. Paired comparisons were performed by 
Student’s t-tests or by Mann–Whitney rank sum tests 
in case of unequal variance or failed normality test. Sta-
tistical significance was accepted for p < 0.05 (*), p < 0.01 
(**) or p < 0.001 (***). All experiments were performed in 
triplicates.

Results
E4+ECs promote OCCs proliferation and survival properties 
in vitro and in vivo
In order to investigate the interaction of endothelial 
and ovarian cancer cells, we used E4+ECs as a surro-
gate for tumor ECs [6]. We first investigated if E4+ECs 
could provide a proliferative niche for OCCs under com-
plete starvation using OVCAR3 cell lines in co-culture 
with E4+ECs in a serum and cytokine-free (Fig. 1a). We 
showed that OVCAR3 gained a pro-survival advantage 
through contact with E4+ECs. OVCAR3 showed more 
than a fivefold increase in their proliferation capac-
ity 6  days post-contact with E4+ECs. In contrast, when 
OVCAR3 and E4+ECs were grown in a Transwell sys-
tem, the proliferative advantage couldn’t be recapitulated 
(Fig. 1b).

We then evaluated, in  vivo, the impact of E4+ECs in 
ovarian tumor growth. In a xenograft assay, we showed 
that co-injection of OVCAR3 with E4+ECs into NSG 
mice significantly increased tumor size (Fig.  1c) and 
weight (Fig. 1d). Confocal microscopy confirmed the con-
stitution of large endothelial networks among the tumor 
xenograft supporting the role of the contact between 
cancer and endothelial cells as shown by (Fig. 1e) tumor 
cells ki67 staining close to the E4+ECs vessels (Fig. 1f ).

E4+ECs induce OCC growth and pro‑metastatic properties 
through Notch activation
We used a primary ovarian cell line derived in our lab-
oratory from ascites of a patient with Stage III serous 
adenocarcinoma (APOCC). We confirmed the results 
observed previously for proliferation in direct co-
culture or with Transwell using APOCC (Fig.  2a). To 
investigate the role of Notch/Jagged pathway in this 
phenomenon, we used a gamma secretase inhibitor 
(GSI) during co-culture between APOCC and E4+ECs 
(Fig.  2b). GSI inhibited the impact of E4+ECs on 
APOCC proliferation confirming the role of the Notch 
pathway. After 2 days of co-culture, we determined the 
expression of all four Notch receptors on sorted OCCs 
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and notch ligands (Jagged1 (Jag1), Jagged2 (Jag2), 
DLL1, and DLL4) on sorted E4+ECs (Fig.  2c). qPCR 
analysis showed significant up-regulation of Notch 3 
receptor on OCCs (Fig. 2d) and Jag1 ligand on E4+ECs 

(Fig.  2e). We confirmed the up-regulation of Notch3 
on OCCs during co-culture with E4+ECs by confo-
cal microscopy (Fig.  2f ). To further study the role of 
Notch3 and its ligand Jag1 in EC-tumor interaction, 

Fig. 1  a Proliferation assay. OVCAR3 were plated and counted every 2 days in presence or not of E4+ECs for 6 days. b Proliferation assay in 
transwell. OVCAR3 were grown in a Transwell system and counted every 2 days in presence or not of E4+ECs for 6 days. c Representative pictures 
of the ovarian tumor seen after sacrifice of the mice. The table displays the xenograft tumor size for each mouse in millimeters (length × width). d 
The graph represents the tumor weight for each mouse in both groups. e Tumors were snap-frozen after isolation and then sectioned to 10 µm 
for immuno-staining. Slides were stained with anti-human CD31 and anti-mouse CD31 antibodies, DAPI and Immunofluorescence images were 
acquired in confocal microscopy. f Tumors were snap-frozen after isolation and then sectioned to 10 µm for immuno-staining. Slides were stained 
with anti-human CD31 and anti-human Ki67 antibodies, DAPI and Immunofluorescence images were acquired in confocal microscopy
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we silenced Jag1 expression on E4+ECs using siRNA 
(Fig.  2g) and showed an inhibition of APOCC or 
OVCAR3 proliferation in co-cultures with E4+ECssiJag1 
(Fig. 2h). We sorted the OCCs and showed a decrease 
in the expression of Notch downstream effectors Hes1 
and Hey1 (Fig. 2i). Finally, we looked at the cell cycle 
in flow cytometry and showed a decrease of the G0/
G1 population and an increase of S population in OCC 
during co-culture with E4+ECssiJag1 (Fig. 2j).

E4+EC activation of Notch pathway in OCC mediates 
chemoresistance
One of the major issues in ovarian cancer is chem-
oresistance. We assessed if E4+ECs could mediate 
chemoresistance in OCC. After 48  h of chemother-
apy treatment (100  nM Cis-platinium + 4  nM taxol), 
APOCC and OVCAR3 co-cultured with E4+ECs 
showed significant chemoresistance (Fig.  3a). We 
investigated the role of Notch-Jagged pathway in 
chemoresistance. We demonstrate an increase of 
Notch3 in the surviving OCCs after treatment with 
chemotherapy (100  nM Cis-platinium + 4  nM taxol, 
Fig.  3b). We then showed that GSI is able to reverse 
the chemoresistance induced by the E4+ ECs (Fig.  3c, 
d). Concordantly when treated with a human recom-
binant (rh) Jagged1, OVCAR3 exhibited resistance to 
chemotherapy treatment (90 nM Cis-platinium + 6 nM 
taxol) as induced by E4+ECs co-culture (Fig.  3e). Jag-
ged1 treatment activated several phosphokinase path-
ways in OVCAR3 such as AKT, GSk3α/β or ERK1/2 
(Fig. 3f ). Using a cell sorting strategy, we demonstrated 
the activation of the same pathways in OVCAR3 after 
co-culture with E4+ECs (Fig.  3g). Finally, OCCs who 
survived after a chemotherapy treatment in presence 
or not of Jagged1 were cell sorted (Fig.  3h). Using a 
human apoptosis antibody array, we demonstrated 
an increase of pro-survival protein in cells treated 
with Jagged1 and a decrease of pro-apoptotic ones 

in comparison to the cells not treated with Jagged 1 
(Fig. 3i).

Gene expression analysis
To confirm the role of Notch pathway in the cross-talk 
between tumor and endothelium in ovarian cancer, we 
established a Sh-RNA for Jagged1 in E4+ECs (Fig. 4a) and 
set up long term co-culture. Briefly, we cultured APOCC 
alone, or in co-culture with E4+ECs scrambled (E) or 
with E4+ECs Sh-Jag1 (EJ) for 20 passages (endothelial 
cells were renewed at every passage). We then performed 
a transcriptomic analysis. The volcano plot in Fig.  4b is 
showing the fold change and FDR values for all genes. We 
performed a pathways analysis with Reactome (Fig.  4c) 
and demonstrated that all the proliferation pathways 
were upregulated in APOCC after a long co-culture with 
E4+ECs (E) but not after a co-culture with E4+ECs SH-
Jag1 (EJ). The top 10 most significant pathways identified 
by Reactome are represented in Fig.  4c. The hierarchi-
cal clustering of cell cycle genes merged from different 
pathways for each replicate of E and EJ is represented in 
Fig. 4d, showing that the Notch pathway activation due to 
the contact between endothelial cells and cancer cells is 
maintained in long co-culture setting.

Discussion
Here, we demonstrated using a co-culture model that 
activated endothelium induces increased proliferation 
and chemoresistance in ovarian cancer cell lines through 
the activation of Notch signaling. We showed that Notch 
receptor expression and activation is increased in co-
culture and in OCCs resistant to chemotherapy sug-
gesting this pathway to be linked to contact mediated 
chemoresistance.

Failure to control cancer is due to factors such as tumor 
heterogeneity and tumor interaction with its microenvi-
ronment [17, 18]. Indeed, the complex interplay of can-
cers cells with the non-cellular and cellular elements of 

Fig. 2  a Proliferation assay. APOCC were plated and counted every 2 days: alone, in coculture with E4+ECs or in presence of E4+ECs via transwell 
for 6 days. b Proliferation assay. APOCC were plated and counted every 2 days: alone, in coculture with E4+ECs or in coculture with E4+ECs with or 
without GSI for 6 days. c Flow cytometry cell sorting chart. APOCC were stained with Pkh red and were cocultured with eGFP E4+ECs for 2 days. 
E4+ECs (green) and OCCs (red) were gated through eGFP fluorescence intensity and Pkh red staining. d Real-time qPCR. APOCC and OVCAR3 
were cocultured with E4+ECs for 2 days and sorted. The relative quantification of four Notch receptors was performed on APOCC and OVCAR3. 
e Real-time qPCR. APOCC and OVCAR3 were cocultured with E4+ECs for 2 days and sorted. The relative quantification of notch ligands Jagged1 
(Jag1), Jagged2 (Jag2), DLL1, and DLL4 was performed on E4+ECs. f Quantification of Notch 3 expression. The upregulation of Notch3 by OCCs after 
coculture with E4+ECs was confirmed by Confocal microscopy. Scale bar 50 µm. g Real-time qPCR. Jag1 was quantified on E4+ECs scrambled or 
E4+ECs silenced for Jag1 (siJag1 E4+ECs). h Proliferation assay. APOCC and OVCAR3 were cocultured with scrambled E4+ECs or siJag1E4+ECs and 
counted every 2 days for 6 days. i Real-time qPCR. APOCC and OVCAR3 were cocultured with scrambled E4+ECs or siJag1E4+ECs and sorted. Notch 
downstream effectors Hes1 and Hey1 expression was assessed. j Cell cycle analysis. APOCC and OVCAR3 were cultured alone or cocultured with 
E4+ECs or siJag1E4+ECs for 2 days. Cell cycle analysis was performed by flow cytometry

(See figure on next page.)
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the microenvironment are implicated in tumor growth 
and resistance to therapy [19–21]. Among the different 
component of the microenvironment, endothelial cells 
have been largely investigated and the ruling hypothesis 
is their role in constituting the vessels bringing oxygen 
and nutrients to the tumor. This has led to the develop-
ment of many anti-angiogenic therapies that had miti-
gated success in clinical trials [22]. Recently our group 
has illustrated in many settings the angiocrine role of 
the endothelium, where the secreted and membrane 
bound factors can modulate tumor phenotype [5, 7–9, 
23–25]. Other groups have clearly illustrated such per-
fusion independent role for endothelial cells [26–28]. 
Among them, Bissell group has shown the critical role of 
the endothelial niche in tumor dormancy and metastatic 
activation [28].

Most patients with ovarian cancer will undergo recur-
rence despite an initial good response to chemotherapy 
and major debulking surgery aiming at no tumor residue 
[18]. The particularity of ovarian cancer is the late diag-
nosis at an advanced stage when the tumor has invaded 
most of the abdominal structure including the perito-
neum [29]. In these sites, tumor cells do interact with 
different cell types including endothelial cells. Our study 
illustrates how such interaction could lead to increased 
proliferation and resistance to therapy through a Notch 
pathway activation within an endothelial metastatic 
niche. Notch signaling is activated by a receptor-ligand 
binding between two cells, and signals through tran-
scription factors such as Hes and Hey or other pathways 
including cyclin D1 and p21, NF-κB family members, 
c-Myc and Deltex [30]. The Notch pathway hence inter-
acts with many major pro-tumoral pathways such as 
TGF-β, wnt signaling and GFR/HER2 receptor tyrosine 
kinase family, as well as phosphatidylinositol 3-kinase/
AKT/mTOR signaling cascade, that are central growth 
pathways in both physiologic and neoplastic setting [31]. 

In our study, we demonstrated using gene expression the 
up-regulation of Notch downstream effectors following 
co-culture as well as the many pro-survival effectors of 
chemoresistance. Notch3 and Jagged2 are de-regulated in 
ovarian cancer, [32]. In the TCGA study, Notch signaling 
is altered in 22% of the patients (usually through ampli-
fication) with Notch3 alterations in 50% of those cases 
[33]. Among Notch ligands, Jagged1 was shown to be the 
most highly expressed ligand in ovarian cancer cells and 
surrounding peritoneal mesothelial cells [34]. Here, we 
showed that Jagged 1 was also the most expressed ligand 
on activated endothelial cells. Many groups have linked 
Notch3 expression to clinical prognosis in advanced ovar-
ian cancer. Jung et al, observed elevated levels of Notch3, 
Jagged1 and Jagged2 in serous ovarian cancer samples as 
compared to benign controls [35]. High Notch3 expres-
sion correlated significantly with worse overall survival 
and clinical chemoresistance.

Today antiangiogenic therapy based on anti-VEGF bev-
acizumab is used as a maintenance therapy in advanced 
ovarian cancer. While such treatment can target vessel 
formation, we show here a non-perfusion dependent role 
for endothelial cells through Notch signaling. To date, 
early clinical trials have provided little data regarding 
the efficacy of GSIs in ovarian cancer patients. A recent 
phase I clinical trial using the GSI RO4929097 in a range 
of advanced solid tumors reported prolonged stable dis-
ease in three of nine ovarian cancer patients. While other 
studies were not conclusive, there might be a place for 
Notch inhibition in advanced ovarian cancer in combina-
tion with other therapeutic strategies as we move toward 
personalized and precision medicine. Indeed, the genetic 
characterization of tumors could potentially identify 
a subset of tumors with aberrant Notch signaling that 
would constitute an ideal target for specific inhibitors.

(See figure on next page.)
Fig. 3  a Flow cytometry viability assay. APOCC and OVCAR3 were treated or not with 100 nM cisplatin and 4 nM taxol alone or in presence of 
E4+ECs for 48 h. Viability was assessed by flow cytometry using Vioblue. b Notch expression quantification. APOCC and OVCAR3 were treated or 
not with 100 nM cisplatin and 4 nM taxol. Surviving APOCC and OVCAR3 were sorted and Notch3 expression was quantified by flow cytometry. c, 
d Viability assay. OCCs in coculture with E4+ECs were treated either with 100 nM cisplatin and 4 nM taxol, or with 100 nM cisplatin, 4 nM taxol and 
GSI; Control: OCCs cocultured with E4+ECs in DMSO. Cells were stained with live/dead and live cells (in red) were quantified by flow cytometry. 
The histogram displays the percentage of living cells for each condition. e Viability assay. OVCAR3 were treated with 100 nM cisplatin and 4 nM 
taxol after treatment with human recombinant (rh) Jagged1 or not. Viability was assessed by flow cytometry. f Phosphokinase array. OVCAR3 were 
treated in the presence or not of rh Jagged 1. The significant protein modifications of the phosphokinase array were cut from the full membrane 
and represent on the left panel. The right panel represents the relative quantification of the dot pixel density. g Phosphokinase array. OVCAR3 were 
cultured with or without E4+ECs and sorted. The significant protein modifications of the phosphokinase array were cut from the full membrane and 
represent on the left panel. The right panel represents the relative quantification of the dot pixel density. h Viability assay. OVCAR3 were treated with 
100 nM cisplatin and 4 nM taxol after treatment with human recombinant (rh) Jagged1 or not. Surviving OVCAR3 were sorted. i Apoptosis array. 
Surviving OVCAR3 treated with 100 nM cisplatin and 4 nM taxol after upstream treatment with Jagged1 were analyzed using an apoptosis array. The 
histograms represent the relative quantification of the dot pixel density
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Conclusions
As mentioned previously, we have illustrated in several 
studies the role of angiocrine factors in tissue homeosta-
sis and in several cancer models. Here, once again, our 
study points out this role in ovarian cancer resistance and 
might shed light on mechanisms pertaining to residual 
disease. If confirmed in translational study targeting such 
interaction could lead to better disease control and lower 
recurrence rate.

Abbreviations
OCC: ovarian cancer cells; EC: endothelial cells; E4+ECs: Akt-activated endothe‑
lial cells transfected with E4ORF gene; TM: tumor microenvironment.
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a b

c

d

Pathway name
#En��es 

found
#En��es 

total
En��es 

ra�o
En��es 
pValue

En��es 
FDR

Cell Cycle, Mito�c 119 570 0,040764 1,11E-16 7,67E-14
Cell Cycle 133 682 0,048774 1,11E-16 7,67E-14
Mito�c G1-G1/S phases 46 173 0,012372 1,31E-10 6,03E-08
Ac�va�on of E2F1 target genes at G1/S 21 43 0,003075 7,18E-10 1,98E-07
G1/S-Specific Transcrip�on 21 43 0,003075 7,18E-10 1,98E-07
G1/S Transi�on 39 150 0,010727 5,97E-09 1,37E-06
Cell Cycle Checkpoints 55 279 0,019953 6,94E-08 1,37E-05
M Phase 68 390 0,027891 1,93E-07 3,32E-05
Resolu�on of Sister Chroma�d Cohesion 33 134 0,009583 2,86E-07 4,37E-05
G0 and Early G1 16 38 0,002718 5,15E-07 7,11E-05

Fig. 4  a Western Blot. E4 + ECs scrambled and SH for jagged 1 were done and western blot analysis was performed to confirm the silencing of 
jagged 1 in E4 + ECs Sh jagged 1. b Volcano plot showing the fold change and FDR values for all genes. Significant genes are those with an FDR 
values ≤ 0.05 and are indicated in red. c Top 10 most significant pathways identified by Reactome. d Hierarchical clustering of cell cycle genes 
merged from different pathways for each replicate of E and EJ. Values displayed are normalized CPM
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