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Abstract

Background Epithelial ovarian cancer (EOC) is the deadliest gynaecological cancer with high mortality rates driven
by the common development of resistance to chemotherapy. EOC frequently invades the omentum, an adipocyte-
rich organ of the peritoneum and omental adipocytes have been implicated in promoting disease progression,
metastasis and chemoresistance. The signalling mechanisms underpinning EOC omentum tropism have yet to be
elucidated.

Methods Three-dimensional co-culture models were used to explore adipocyte-EOC interactions. The impact of
adipocytes on EOC proliferation, response to therapy and invasive capacity was assessed. Primary adipocytes and
omental tissue were isolated from patients with ovarian malignancies and benign ovarian neoplasms. Exosomes were
isolated from omentum tissue conditioned media and the effect of omentum-derived exosomes on EOC evaluated.
Exosomal microRNA (miRNA) sequencing was used to identify miRNAs abundant in omental exosomes and EOC cells
were transfected with highly abundant miRNAs miR-21, let-7b, miR-16 and miR-92a.

Results We demonstrate the capacity of adipocytes to induce an invasive phenotype in EOC populations through
driving epithelial-to-mesenchymal transition (EMT). Exosomes secreted by omental tissue of ovarian cancer patients,
as well as patients without malignancies, induced proliferation, upregulated EMT markers and reduced response to
paclitaxel therapy in EOC cell lines and HGSOC patient samples. Analysis of the omentum-derived exosomes from
cancer patients revealed highly abundant miRNAs that included miR-21, let-7b, miR-16 and miR-92a that promoted
cancer cell proliferation and protection from chemotherapy when transfected in ovarian cancer cells.

Conclusions These observations highlight the capacity of omental adipocytes to generate a pro-tumorigenic and
chemoprotective microenvironment in ovarian cancer and other adipose-related malignancies.
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Background

Epithelial ovarian cancer (EOC) has the highest mortal-
ity rate of any gynaecological malignancy, with 5-year
survival rates of less than 50% [1, 2]. This high mortal-
ity rate can be attributed to late presentation of meta-
static disease, which can disseminate extensively within
the peritoneal cavity before becoming symptomatic [3].
A primary target of local metastasis is the omentum, an
adipocyte-rich pad which covers the bowel and abdomi-
nal cavity and regulates aspects of peritoneal homeostasis
including inflammation, angiogenesis, immune response
and metabolism [4]. The omentum therefore plays an
important role in generating a pro-metastatic tumour
microenvironment within the peritoneal cavity [5]. Fur-
thermore, obesity is a risk factor for both incidence and
prognosis of ovarian cancer [6, 7] and can lead to dysreg-
ulation and chronic inflammation of adipose tissue [8, 9].

Alongside late disease presentation, poor patient sur-
vival-rates are also attributed to the high rates of devel-
opment of ovarian cancer resistance to platinum- and
taxane-based chemotherapy, with patients with Stage III
or IV ovarian cancer showing relapse rates of 70—-95%
[10] Interactions in the omental metastatic niche can
play an important role in the development of chemoresis-
tance [8]. Adipocytes and omental-derived stromal cells
can enhance chemoresistance in ovarian cancer [11-13]
and targeting adipocyte-derived signalling via FABP4
knockdown can sensitize ovarian tumour cells to plati-
num-based therapy [14]. While the mechanisms behind
adipocyte-induced chemoresistance in ovarian cancer
remain unclear, evidence from a variety of carcinomas
suggests a role for cancer cell “stemness’, which enables
cells to undergo drastic phenotypic changes such as the
epithelial-mesenchymal-transition (EMT), and there-
fore evade treatment. Adipocyte-derived fatty acids can
induce EMT in hepatocellular carcinoma and breast can-
cer [15, 16], while stemness in ovarian cancer cells has
been linked to fatty acid metabolism [17].

Establishment of the omental metastatic niche involves
complex bidirectional signalling between cancer cells
and diverse omental stroma. A role for adipocyte-
secreted interleukin-6 (IL-6) and interleukin-8 (IL-8)
in the migration and invasion of ovarian cancer cells to
omental tissue has been established in vitro [18]. How-
ever, a more comprehensive understanding of signalling
mechanisms acting across the peritoneum is required
to understand ovarian cancer omentum tropism, the
activation of cancer-associated stroma and the develop-
ment of chemoresistance. Extracellular vesicles (EVs),
particularly exosomes, 30—-150 nm vesicles secreted by a
diverse range of cells, have been implicated in signalling
at a distance in the generation of metastatic microenvi-
ronments in a number of malignancies [19]. Exosomes
carry a cargo of bioactive molecules including proteins,
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lipids, metabolites, RNA and DNA, and therefore have
the capacity to alter cellular activity at sites distant from
their cell of origin. In ovarian cancer, tumour-derived
exosomes carrying MMP1 mRNA can induce destruction
of peritoneal mesothelial cells in mouse via apoptotic
cell death, suggesting a role for exosomes in perito-
neal dissemination [20], while exosomes derived from
cancer-associated adipocytes and fibroblasts can induce
chemoresistance through the transfer of microRNA-21
[21]. Exosomes, therefore, represent a mechanism for
bidirectional modification of a tumour and its microen-
vironment through the exchange of a range of bioactive
molecules.

Here, we use three dimensional (3D) models to explore
ovarian cancer-adipose interactions. We observe strik-
ing differences in the response of EOC cell lines to adi-
pocyte signalling. We find adipocytes are able to induce
chemoresistance and EMT in a subset of EOC cells and
explore exosomes as a potential factor in adipose-tumour
paracrine signalling. We find that omentum-derived
exosomes, regardless of the presence of malignant dis-
ease, increase EMT marker expression in ovarian cancer
cell lines and patient samples and exosomal microRNAs
reduce sensitivity to paclitaxel treatment in e-cadherin*,
pre-EMT EOC cells.

Methods

Patient samples and tissue-conditioned media

Omentum samples from cancer and non-cancer patients
and ascites samples collected from cancer patients used
in this work were collected during routine diagnos-
tic and debulking surgery. Ethical approval was granted
from HRA NHS REC Wales 6 Research Ethics Commit-
tee (LREC15/WA/0065), and written, informed consent
was obtained from patients prior to enrolment into the
study. Patients were recruited from Gynaecology Oncol-
ogy clinics, and they were subsequently diagnosed with
benign or malignant ovarian masses. Patients with infec-
tion, chronic inflammation, autoimmune disease and
other cancers were excluded from this study. None of the
patients in the control or study group were on exogenous
hormones. Patient diagnoses and samples are detailed in
Table 1. To generate omental tissue-conditioned media
(OT-CM), samples were cut into approximately lcm?®
pieces and bathed in 2 ml primary ovarian media consist-
ing of 1:1 mixture of MCDB: Media 199 supplemented
with 20% FBS and 1% Penicillin-Streptomycin (P/S).
After 24 h, media was collected and filtered through
22 um filters to remove any cells and tissue debris. Adi-
ponectin content of conditioned media was assessed via
enzyme-linked immunoabsorbant assay (ELISA) (eBio-
science, Austria). Tissue conditioned media from ovarian
samples was collected as above as adiponectin™ control.
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Table 1 List of patient samples used in this study. HGSOC - high
grade serous ovarian carcinoma

Patient ID Tissue Samples Diagnosis

Patient A Left Ovary HGSOC Stage 3
Omentum

Patient B Left ovary HGSOC
Omentum

Patient C Left ovary Ovarian Mass
Omentum

Patient D Omentum Benign Mass

Patient E Omentum Benign Mass

Patient F Omentum Benign Mass

Patient G Omentum Ovarian Cancer

Patient H Omentum Ovarian Cancer

Patient | Omentum Ovarian Cancer

Patient J Omentum Ovarian Cancer

Patient K Omentum Ovarian Cancer

Primary adipocyte isolation and culture

For primary adipocyte isolation, omental tissue was
then cut into small pieces (~1cm?®) and digested with
2 mg/ml collagenase for 4 h with agitation by vortexing
every 15-30 min. Adipocyte fraction was isolated cen-
trifugation and suspended in adipocyte media consisting
DMEM/F12 supplemented with 10% FBS, 1% P/S, 8 ug/
ml d-biotin (Sigma-Aldrich, UK), 0.5 pg/ml insulin and
400ng/ml dexamethasone (Abcam, UK). Isolated adi-
pocytes were seeded into 96-well plastic culture plates
which had been previously incubated with 100% FBS
to aid attachment. Following attachment, media was
replaced, and cells grown for 24 h to generate primary
adipocyte conditioned media. As above, adiponectin
content of primary adipocytes was assessed via ELISA.
Media was conditioned in non-adipocyte ovarian stromal
cells for use as adiponectin™ control. Lipid content was
assessed via Oil Red staining as per supplier’s instruc-
tions (Abcam, UK).

Cell line culture

Ovarian cancer cell lines SKOV3 (CVCL_0532),
OVCAR-3 (CVCL_0465), UWB1.289 (BRCAlmut;
CVCL_B079), UACC1598 (CVCL_4040) and CAOV3
(CVCL_0201) were purchased from American Type
Culture Collection and cultured as per supplier’s
instructions. SKOV-3 cells engineered to stably express
luciferase (SKOV-3/LUC)(Cambridge Bioscience, UK)
were cultured as per SKOV-3 cells with the addition of
2mM L-glutamine and 1 pg/ml Puromycin to ensure
maintenance of luciferase expressing phenotype.

Adipocyte-derived stem cell culture and adipogenesis
analysis

For Adipocyte differentiation, adipose-derived stem
cell spheroid populations (ADSCs) (Invitrogen,
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Massachusetts, USA) were seeded as per supplier’s
instructions and grown for 48 h in MesenPro RS Media
(Gibco, Massachusetts, USA) until media was replaced
with StemPro Adipogenesis Media (Gibco). Differentia-
tion took 14 days to proceed, after which time lipid drop-
lets were visible on differentiated adipocytes.

Adipocyte - cancer cell co-culture and paclitaxel treatment
For transwell co-culture, ADSCs were seeded at 1.4x103
cells/well in transwell inserts and expanded in Mesen-
Pro RS Media for 48 h prior to replacement for 14 days
with StemPro Adipogenesis Media or maintenance in
MesenPro RS Media for undifferentiated control. Can-
cer spheroids were generated in ultra-low attachment
plates (Corning, New York, USA) (2x10? cells/well) for
24 h prior to insertion of adipocyte-containing tran-
swell inserts on top of spheroids for co-culture. Co-cul-
ture proceeded for 72 h, and end-point cell viability was
measured with CellTiter-Glo Luminescent Cell Viability
Assay (Promega).

For SKOV-3/LUC-Adipocyte co-culture, Adipocyte
and U-ADSC spheroids were generated as described
above. Following 14 days in spheroid culture, 2x10°
SKOV/LUC cells were added to spheroid culture. Co-
culture proceeded for 96 h, or for drug response assays
for 24 h before the addition of paclitaxel and incuba-
tion for 72 h. Cell viability was measured using Pearson
Firefly Luciferase Assay (Thermo Fisher, Massachusetts,
USA) as per supplier’s instructions. Reagents and cells
were mixed by vigorous pipetting followed by shaking at
300 rpm at room temperature for 5 min to ensure spher-
oid disaggregation.

Exosome isolation and treatment
Exosomes were isolated from 10 ml OT-CM using qEV
original column, according to manufacturer’s instruc-
tions (Izon Science). Prior to sample loading, the OT-CM
samples were concentrated using the Centriprep 10 K
filter device (Merck Millipore) according to manufactur-
er’s instructions. This concentrated 10 ml of OT-CM to
a final volume of 500-600 ml. After rinsing the column
with PBS (0.02 pm filtered), 500 ml of the concentrated
OT-CM was added to the top of the qEV column. Sub-
sequently, EV fractions of 500 pl were collected. Purified
exosomes were resuspended in 10 ml primary ovarian
media, while for exosome-concentrated treatments puri-
fied exosomes were resuspended in 5 ml primary ovar-
ian media. Exosome-depleted treatments were generated
via ultracentrifugation. Particle size distribution was
measured by dynamic light scattering (DLS, Malvern
Zetasizer nanoseries) and nanoparticle tracking analysis
(NTA) (ZetaView PMX 110 V3.0, Particle Metrix, USA).
Exosome-specific protein (CD9, CD63 and CD81) con-
tent in samples was analysed using ExoELISA-ULTRA
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assays (Systems Bioscience) as per supplier’s instructions.
Colorimetric ELISA measurements were normalized
to particle number, as measured by nanoparticle track-
ing analysis. For cell treatment, cell lines were seeded at
1x10* cells/well in 96-well 350uL. White Clear Bottom
Plates (Porvair, UK) and treated with 200uL 1:1 primary
ovarian media: treatment media. Population viability was
measured using RealTime-Glo MT Assay (Promega, UK).

EMT marker analysis

EMT marker profiles for 2-and 3D cultured SKOV-3
and OVCAR-3 populations were characterized, both
in monoculture and adipocyte co-culture. For protein
analysis, immunoblotting was carried using primary anti-
bodies for E-Cadherin (clone: G10)(Santa Cruz Biotech),
N-Cadherin (clone: 13A9) (Santa Cruz Biotech), and
Vimentin (clone: V9) (Santa Cruz Biotech), normalized to
GAPDH (clone: O411) (Santa Cruz Biotech). Differences
between profiles of 2- and 3D cultured populations were
determined via RT-qPCR.

For fluorescence analysis of tumor spheroids, immu-
nostaining was carried out as described by Weiswald and
colleagues [17]. Briefly, 2x 10? cells were grown as spher-
oids via the hanging drop method for 72 h before fixing
in PBS containing 4% PFA 1% Triton for 3 hours at 4°c.
Following washing with PBS, spheroids were dehydrated
and rehydrated via sequential incubation with 25%, 50%,
75% and 95% methanol for 30 min, before 5 h in 100%
methanol and reversal of the dehydration sequence to 0%
methanol 100% PBS. Spheroids were blocked overnight at
4°c in PBST containing 3% BSA, followed by incubation
with primary antibodies for E-Cadherin (clone: EP700Y)
(Abcam), N-Cadherin (as above) and Vimentin (Abcam,
ab24525) for 48 h and fluorophore-labelled anti-mouse
(ab150117), anti-rabbit (Abcam, ab150086) and anti-
chicken (Abcam, ab150175) secondary antibodies. Prior
to visualization, spheroids were co-stained with Hoechst
and transferred to microscope slides.

Immunoblotting of exosome-treated spheroids

OVCAR-3 cells seeded as above (2,000 cells per well of
a 96-well agarose-coated plate) and incubated at 37°C to
allow formation of spheroids. NTA analysis presented a
concentration of 1.09x10° particles per ml, used to cal-
culate a treatment concentration of 1.4x10* particles
per cell (in 25 pl PBS treatment volume). Spheroids were
treated with exosomes at 24 h and again at 48 h post-for-
mation, before harvesting at 72 h for protein extraction
(as described above). PBS used as a vehicle control. Fol-
lowing protein extraction, exosome-treated OVCAR-3
spheroids were compared to untreated OVCAR-3 spher-
oid protein samples in an immunoblot using the same
antibodies as described above, for analysis of differences
in E-cadherin, N-cadherin, and vimentin expression.
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Ovarian cancer patient-derived spheroids culture and
treatments

Ascites samples were collected from HGSOC patients
(n=8), spheroids isolated and grown as 3D spheroids
using 96-well ultra-low attachment plates. Spheroids
were then treated with OT-CM and with omentum-
derived exosomes isolated from omentum samples of
patients diagnosed with HGSOC or benign conditions.
After 72hs incubation, cell viability measured by CellT-
iter-Glo® 3D Cell Viability Assay (Promega, UK) and
protein extracted from spheroids interrogated for the
levels of E-cadherin, N-cadherin, and vimentin expres-
sion by immunoblot (as described above). To assess the
effect on response to paclitaxel treatment, spheroids were
incubated with omentum-derived EVs alone or in com-
bination with paclitaxel for 72 h, and cell viability was
measured using the CellTiter-Glo® 3D Cell Viability Assay
(Promega, UK).

miRNA analysis by next generation sequencing

The miRNA sequencing from purified exosome samples
was performed at QIAGEN Genomic Services (Hilden,
Germany). Briefly, exosomes were isolated from the
OC-CM of omental biopsy samples collected from
HGSOC patients (n=3) or from patients diagnosed with
benign masses (n=3). Concentration of exosome samples
was determined by NTA and RNA was isolated from
200 pl using the miRNeasy Serum/Plasma Kit (QIAGEN)
according to manufacturer’s instructions with an elution
volume of 14 pl. Briefly, the library preparation was done
using the QIAseq miRNA Library Kit (QIAGEN). A total
of 5 pl total RNA was converted into miRNA NGS librar-
ies. After adapter ligation, UMIs were introduced in the
reverse transcription step. The cDNA was amplified using
PCR (22 cycles) and during the PCR indices were added.
After PCR the samples were purified. Library prepara-
tion was quality controlled using capillary electropho-
resis (Agilent DNA 1000 Chip). Based on quality of the
inserts and the concentration measurements the librar-
ies were pooled in equimolar ratios. The library pool(s)
were quantified using qPCR. The library pool(s) were
then sequenced on a NextSeq (Illumina Inc.) sequencing
instrument according to the manufacturer instructions
(1x75, 1x8). The raw read count data was received from
Qiagen. The raw read count data was generated from
mapping the short reads to miRBase version 22. Briefly,
the reads are processed by trimming of the common
sequence, (Unique Molecular Identifier UMI) and adapt-
ers, and filtering of reads with length <15 nucleotides or
length>55 nucleotides. They are then deduplicated using
their UMI. Reads are grouped into UMI groups when
they start at the same position based on the end of the
read to which the UMI is ligated. Groups that contain
only one read (singletons) are merged into non-singleton
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groups if the singleton’s UMI can be converted to a UMI
of a non-singleton group by introducing an SNP (the big-
gest group is chosen).

Pathway analysis and ontology

Differential expression analysis aims at selecting miR-
NAs with similar expression profile between cancer and
benign groups was performed using DESeq2 R pack-
age (version 1.34.0) with P-value>1 & absolute log, fold
change<1). Heatmap of selected miRNAs between the
two groups was then created using VST transformed val-
ues (scaled) using heatmap R package (version 1.0.12).
For pathway analysis, we firstly identified experimentally
validated target genes (functional validation) of each of
selected miRNAs from miRTarBase (release 9.0) and then
performed pathway analysis of these target genes using
KEGG 2021 HUMAN and DisGeNET (https://www.dis-
genet.org/) databases and clusterProfiler package was to
use to visualize the data. The biological pathways with
an adjusted p-value<0.05 were considered statistically
significant.

Transfection of miRNA

To explore whether adipocyte derived exosomal miRNA
affects ovarian cancer cell proliferation and response to
treatment, we performed miRNA transfection. OVCAR-3
cells seeded 1x10° cells per well of a 96-well plate and
incubated overnight at 37°C, or until 80-90% confluent.
The next day, cells were transfected with 5nM miScript
miRNA mimics of let-7b-5p, miR-16-5p, miR-21-5p and
miR-92a-3p (Qiagen), or a non-targeting siRNA cocktail
(Horizon Discovery, UK, Cat. No. D-001810-10-05) using
HiPerFect Transfection Reagent (Qiagen) according to
the manufacturer’s fast-forward protocol. Transfected
cells were treated with paclitaxel 5nM, or vehicle control
for 48 h and viability measured using the RealTime-Glo
MT Assay.

Statistical analysis

Statistical analysis was performed using GraphPad Prism
8 for Windows (GraphPad Sofware). Results are reported
as mean*SD from at least three independent replicates
unless otherwise stated, with p<0.05 used as a thresh-
old for significance. Differences in population viability
between treatment groups was assessed via One-way
ANOVA with Tukey’s Multiple Comparisons Test or
Student’s t-test as indicated. Differences in gene expres-
sion between cell lines and between culture systems were
assessed via Student’s t-test.
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Results

Omental cell-secreted factors and adipocyte signalling
affect ovarian cancer cell viability

Metastasizing ovarian cancer has been shown to home to
the omentum, and this organ is commonly invaded [18].
Initially, therefore, the effect of omentum-secreted fac-
tors on ovarian cancer cell lines was explored. Omental
tissue was collected from two patients undergoing sur-
gery whose diagnoses were high-grade serous ovarian
carcinoma (HGSOC) and a benign ovarian mass (Table 1.
Patients B, C). Tissue was used to generate omental tis-
sue-conditioned media (OT-CM) containing tissue secre-
tome. Adipocyte activity in these tissues was confirmed
by adiponectin ELISA (Figure S1A) and ovarian cancer
cell lines (SKOV-3, OVCAR-3, UACC1598, UWB1.281,
CAOQOV3) were treated with 50% OT-CM in two-dimen-
sional (2D) monolayer (Fig. 1A) and three-dimensional
(3D) spheroid culture (Fig. 1B). An increase in prolifera-
tion was observed after 72 h in 2D monolayer cultures
of OVCAR-3, UACC1598, UWB1.281 and CAOV3 and
after 96 h in SKOV-3 cells treated with HGSOC OT-CM.
However, striking differences in the response of the epi-
thelial ovarian cancer (EOC) cell lines was observed in
spheroid cultures. Viability was increased in SKOV-3
spheroids by treatment with OT-CM but was signifi-
cantly reduced in OVCAR-3, UACC1598, UWB1.281
and CAOV3 spheroids relative to unconditioned media
(UCM) control. Interestingly, similar results were
obtained regardless of whether the omental sample origi-
nated from a malignant or benign ovarian mass.

To confirm the contribution of omental adipocytes to
observed changes in ovarian cancer cell viability, mature
adipocytes were isolated from omental tissue (Table 1,
Patient A) and the effect of adipocyte-secreted factors
assessed. The presence of mature adipocytes in culture
was confirmed by Oil Red staining and ELISA, with
non-adipocyte omental stromal cells as negative con-
trol (Figure S1B), and adipocyte-conditioned media was
collected. The effect of primary adipocyte-conditioned
media on viability of EOC spheroids (SKOV-3 and
OVCAR-3) was assessed by fluorescent staining of con-
ditioned media-treated cell populations with Calcein-
AM and Ethidium Homodimer-1 (EthD1) to identify live
and dead cells respectively in OVCAR-3 (Fig. 1C) and
SKOV-3 (Fig. 1D). As seen in omental tissue CM-treated
SKOV-3 spheroids, adipocyte-conditioned media was
found to significantly increase SKOV-3 viability, while
population viability decreased in OVCAR-3 spheroids, as
quantified by the ratio of Calcein-AM™:Ethd1™ cells.

To explore the effect of bidirectional signalling with
adipocytes on ovarian cancer cell proliferation, ovarian
cancer cell lines were co-cultured with mature adipocytes
derived from adipose-derived stem cells (ADSCs). Differ-
entiation of adipocytes was confirmed by the expression
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Fig. 1 Omental secreted factors influence EOC proliferation in monolayers and spheroid populations. Ovarian cancer cell lines grown as monolayers
(A) or 3D spheroid (B) were treated with unconditioned media (control), or media conditioned by patient omentum samples and cell viability was
measured by Realtime-Glo (A) and 3D Glo (B) cell viability assays. Tumour spheroids generated from OVCAR-3 (C) and SKOV-3 (D) were treated with
media conditioned by primary adipocytes derived from patient omentum samples and incubated with viability stains. Ratio of CalceinAM (live cells) to
Ethidium homodimer (dead cells) was calculated as a measure of population viability. Data points show mean+SD, n> 3. *p <0.05, **p <0.01, ***p < 0.005,
*¥¥¥p < 0.0005 relative to unconditioned media (UCM) control for A and B (One-way ANOVA with Tukey's Multiple Comparisons Test) and as indicated for

C and D (Student's t-test). Scale bar =100 um

of adipocyte specific markers PPAR-y and Adiponectin
(Fig. 2A) via BODIPY lipid staining (Fig. 2B). Transwell
co-cultures were established incorporating mature adipo-
cytes derived from ADSCs seeded onto transwell inserts
alongside SKOV-3 and OVCAR-3 spheroids (Fig. 2C).
Spheroid viability after 72 h of co-culture was assessed
via Celltiter-Glo 3D viability assay (Fig. 2D, E). Again,
SKOV-3 (Fig. 2D) and OVCAR-3 (Fig. 2E) cell lines dem-
onstrated striking differences in their response to adipo-
cyte co-culture, with significant increase and decrease
in population viability respectively. As ADSC-derived
adipocytes constitute a heterogenous population of cells
including partially differentiated or undifferentiated stem
cells, the effect of undifferentiated ADSC populations on
EOC growth was assessed (Figure S2). Undifferentiated

ADSCs were found to have no impact on EOC spheroid
viability.

An alternative co-culture system was established to
assess the impact of direct contact with adipocytes
on EOC growth (Fig. S3A). Here, spheroids compris-
ing ADSC-derived mature adipocytes were established
(Fig. S3B) and SKOV-3 cells stably expressing lucifer-
ase (SKOV-3/LUC) were added directly in co-culture.
Luciferase activity was only detected in SKOV-3/LUC-
containing cultures (Fig. S3C) and luciferase activ-
ity correlated with cell number (Fig. S3D). Strikingly,
SKOV-3/LUC cells cultured directly alongside adipo-
cytes demonstrated a 4-fold increase in luciferase activity
(Fig. S3E), suggesting a significant impact on cancer cell
proliferation.
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Fig. 2 Co-culture of EOC spheroids with mature adipocytes impacts viability. Adipose-derived stem cells were differentiated into mature adipocytes
and demonstrated increased expression of adipocytes specific markers PPAR-y and Adiponectin (A) and developed lipid droplets, stained by neutral lipid
maker BODIPY in (B). EOC spheroids were co-cultured alongside mature adipocytes in a transwell co-culture model displayed in diagram (C). Following
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Characterization of EMT marker expression in 2D and 3D
ovarian cancer cell populations

Given the observed differences in the response of epithe-
lial ovarian cancer (EOC) cell lines to adipocyte signal-
ling and co-culture, we explored potential sources of a
differential response using SKOV-3 and OVCAR-3 cells.
In particular we focus on whether changes in expression
of epithelial-to-mesenchymal transition (EMT) mark-
ers in these cells are mediated by adipocyte signalling.
To further explore a potential effect of adipocytes on OC
EMT, initially the expression of mesenchymal cell sur-
face markers N-Cadherin and Vimentin, along with the
epithelial marker E-Cadherin, in EOC cell lines was pro-
filed. Immunofluorescence (Fig. 3A) and immunoblotting
(Fig. 3B) suggested a Vimentin®* N-Cadherin® E-Cad-
herin'" phenotype for SKOV-3 and, conversely, a Vimen-
tin~ N-Cadherin~ E-Cadherin"®" profile for OVCAR-3.
These data indicate an epithelial phenotype for OVCAR-
3, while SKOV-3 present a mesenchymal-like, post-EMT

surface marker profile associated with a more invasive
pathology.

Differences were observed in the response of OVCAR-3
cells to omental signalling when grown in 2D monolayer
compared to 3D spheroid (Fig. 1A, B). This was explored
through RT-qPCR (Fig. 3C). OVCAR-3 spheroids dis-
played a many-fold increase in Vimentin and N-Cadherin
mRNA respectively compared to 2D populations, while
SKOV-3 spheroid populations displayed a decrease in
these mesenchymal markers, and an increase in epithe-
lial E-Cadherin (Fig. 3C). Similarly, immunofluorescent
staining of spheroids indicted the presence of E-Cad-
herint, N-Cadherin® and Vimentin* cells in both cell
lines (Fig. 3D) These changes in EMT marker profile in
cell populations grown in spheroid culture suggest differ-
ences in epithelial and post-EMT phenotypes and pro-
vide a potential explanation for differential response to
adipocyte signalling.
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croscopy (A). Representative image of immunoblot and normalised quantification for EMT marker expression in EOC cell lines are given in (B). Changes in
EMT marker profiles for cell populations grown in spheroid culture were analysed via RT-gPCR (C). Fold change in mRNA level (normalised to RPL-19) in 3D
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confocal microscopy (D). Bar plots show mean+SD, n=3.*p <0.05, **p <0.01, ***p <0.005, ****p <0.0005 as indicated, or relative to 2D monolayer for C

(unpaired Student's T-test)

Adipocyte co-culture induces EMT in epithelial ovarian
cancer spheroids

To test the hypothesis that OVCAR-3 spheroid response
to adipocyte signalling was mediated by EMT, changes in
EMT marker expression was assessed following adipo-
cyte transwell co-culture. While no significant difference
in N- and E-Cadherin was detected, Vimentin expression

was apparent in OVCAR-3 cells in adipocyte co-cul-
tures, suggesting a switch to a more mesenchymal phe-
notype (Fig. 4A) driven by adipocyte signalling. Changes
in Vimentin expression upon transwell co-culture with
adipocytes were therefore explored in OVCAR-3 mono-
layer and spheroid cultures, alongside SKOV-3 spher-
oids as a positive control (Fig. 4B). Increased Vimentin
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adipocyte media only in the absence of mature adipocytes. Number of invading cells relative to serum-free media is displayed. Bar plots show mean+SD,

n=3.*p<0.05 as indicated (unpaired Student’s T-test)

expression was only apparent in OVCAR-3 spheroids,
with no change detected in SKOV-3. EMT has been
highlighted as an important process in cancer metasta-
sis as such changes in phenotype are required to enable
cell motility and increase invasive capacity. As such, the
impact of adipocytes on invasiveness of OVCAR-3 cells
was assessed. Invasion assays incorporating mono-and
co-culture derived conditioned media into the lower well
revealed increased invasion in OVCAR-3 cell popula-
tions in the presence of co-culture derived CM relative
to both OVCAR-3 and adipocyte monoculture CM alone
(Fig. 4C). Similarly, invasion assays incorporating mature
adipocytes into the lower chamber revealed increased
numbers of invading cells (Fig. 4D).

Adipocytes enhance ovarian cancer paclitaxel resistance
The development of chemoresistance is a major hurdle in
the effective treatment of late-stage ovarian cancer and

has been associated with EMT [22]. To explore the effect
of adipocyte interactions on ovarian cancer chemoresis-
tance, all the cancer cell lines were grown in co-culture
with adipocytes and were treated with taxane-based
therapeutic paclitaxel (PTX). Cancer spheroids were co-
cultured alongside mature adipocytes in transwell co-cul-
ture and treated with PTX in concentrations as indicated
for 72 h (Fig. 5A). A significant difference was observed
in the change in spheroid viability relative to untreated
spheroids (% survival) in all cell lines when treated with
PTX, with the exception of 5nM treatment of SKOV-3
spheroids, which did not have a significant cytotoxic
effect on any group, and 5nM treatment of CAOV-3.
To ensure the cytotoxic effect of PTX on adipocytes in
co-culture was not having a significant impact on EOC
viability indirectly, mature adipocytes were treated with
500nM PTX for 72 h and no cytotoxic effect was found
(Figure S4). Furthermore, SKOV-3 spheroids grown in
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primary adipocyte-conditioned media exhibited reduced
cell death when treated with 50nM PTX compared to
those grown in unconditioned media (Fig. 5B). SKOV-3/
LUC cells grown in direct contact with adipocytes were
also protected against PTX treatment (Figure S3E, F).

Omentum-derived exosomes drive ovarian cancer cell
proliferation, chemoresistance and invasion via EMT
Exosomes have been implicated in tumour-stroma inter-
actions in several malignancies, including ovarian cancer
[19]. A role for exosomes in omental tissue-induced ovar-
ian cancer cell proliferation was therefore tested. Exo-
somes were extracted from OT-CM using qEV original
columns, while OT-CM was exosome depleted by ultra-
centrifugation. The range of particle size present in these
treatments was determined by dynamic light scattering
(Fig. S5A) and the presence of exosome-specific markers
CD9, CD63 and CD81 was confirmed (Fig. S5B). Treat-
ment of OVCAR-3, UACC1598, UWB1.289 and CAOV3
cells with 6 x 10* exosomes per cell for 72 h increased cell
proliferation in line with the effect observed from whole
OT-CM, while depletion of exosomes from OT-CM
reversed pro-cancer effects of omental-derived signalling
(Fig. 6A, B, Fig. S6A, B). Moreover, in cancer spheroids,
treatment with omentum-derived exosomes decreased
sensitivity to PTX therapy, with spheroid populations

displaying significantly less change in viability under PTX
treatment relative to control populations (Fig. 6C, S6C).
Taken together these data suggest an important role for
exosomes in adipocyte-induced changes in epithelial
ovarian cancer cell lines activity.

We further assessed the role of exosomes in adipocyte-
ovarian cancer interactions by exploring the impact of
EVs on OVCAR-3 EMT and invasion. Depletion of exo-
somes from OT-CM decreased the number of invading
cells in ECMatrix assay (Fig. 6D), while exosome treat-
ment of OVCAR-3 spheroids increased the expression of
the EMT marker N-cadherin while decreasing expression
of epithelial marker E-cadherin (Fig. 6E). Notably, there
was no significant change in Vimentin, indicating this
change may be the result of alternative pathways to those
observed in co-culture experiments (Fig. 4A, B).

Omentum-derived exosomes promote proliferation of
HGSOC patient-derived spheroids, chemoresistance and
EMT

We subsequently use spheroids derived from the asci-
tes of HGSOC patients to validate our observations by
examining the effects of OT-CM and omentum-derived
exosomes on cancer cell proliferation, response to pacli-
taxel, and the expression of EMT markers in vitro (Fig. 7).
Patient samples were divided into two groups based
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on their response to paclitaxel: those showing at least a
50% reduction in cell viability were labelled as sensitive,
while those showing a 25% reduction or less were labelled
as resistant. A statistically significant increase in ovar-
ian cancer cell proliferation was observed in all samples
after 72 h-incubation of patient-derived spheroids with
OT-CM, HGSOC-omemtum exosomes or benign-omen-
tum exosomes compared to untreated samples (Fig. 7A).
We next examine the protective effect of exosomes and
OT-CM to 72 h paclitaxel treatment. A significant reduc-
tion on sensitivity to paclitaxel was observed when pacli-
taxel sensitive patients-derived spheroids were incubated
with OT-CM, as well as HGSOC omentum-exosomes

1, *¥*p <0.005, ****p <0.0005 as indicated (One-way ANOVA with Tukey’s Multiple Comparisons Test (A, B,D) or un-

and benign omentum-exosomes (Fig. 7B). However, this
effect was only observed for HGSOC omentum-exo-
somes treatment of paclitaxel-resistant patient-derived
spheroids, where the exosomes significantly increased
the proliferation of cancer cells. (Fig. 7C). Finally,
changes on EMT markers were identified as result of
omentum-exosome treatments in these patient groups.
As shown in Fig. 7D, no significant changes in E-cad-
herin or N-cadherin were observed after treatment of
the patient-derived spheroids with omentum-exosomes
but significant increases in the levels of vimentin were
observed after treatment with either HGSOC or benign
omentun-exosomes (Fig. 7D). This data indicates that the
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Fig. 7 Omental tissue-derived exosomes enhance proliferation and protect from paclitaxel therapy in patient-derived cells. Effect of omental exosomes
from patients with HGSOC and non-malignant ovarian mass on patient-derived ovarian cancer cells was assessed via CellTiter-Glo Luminescent Cell Vi-
ability Assay (A) (n=8). Primary patient samples were classified based on response to paclitaxel: therapy those showing at least a 50% reduction in cell vi-
ability were labelled as sensitive, while those showing a 25% reduction or less were labelled as resistant. The impact of omental exosomes on response to
paclitaxel therapy in sensitive (B) and resistant (C) primary ovarian cancer cells was assessed (n=4). Expression of EMT markers Vimentin, E-Cadherin and
N-Cadherin in patient samples was investigated by immunoblotting, (D) shows representative blot and quantified band intensity normalised to vinculin.
Mean +/- SD. *p <0.05, **p <0.01 (One-way ANOVA with matched samples Tukey’s Multiple Comparisons test

omentum, particularly the exosomes it secretes, medi-
ates cell communication signals to ovarian cancer cells,
thereby modifying pathways involved in cancer cell pro-
liferation, treatment response, and EMT changes, ulti-
mately leading to aggressive ovarian cancer phenotypes.

Exosome-derived microRNAs increase proliferation and
chemoresistance in EOC

Exosome-derived microRNAs (miRNAs) have been
shown to play a substantial role in exosome signalling
at a distance in various cancers, including EOC [23]. As
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a pro-cancer effect had been demonstrated by omental
secreted factors regardless of the presence of malignancy
(Figs. 1B and C, 6A and B and 7), exosomes were isolated
from OT-CM of patients with both benign ovarian neo-
plasms and malignant tumours (Table 1, Patients D-K).
miRNA next generation sequencing revealed 30 miR-
NAs highly abundant in exosomes derived from omental
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tissues (Fig. 8A). Pathway analysis of target genes using
KEGG 2021 HUMAN and DisGeNET revealed top
pathways including cancer and EOC-related regula-
tion, as well as prolactin signalling pathways (Fig. 8B,
C). To validate the significance of exosomal miRNAs in
EOC progression and decreased response to PTX treat-
ment, 4 miRNAs abundant in exosomes isolated from the
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Fig. 8 Omental exosome-expressed miRNAs induce proliferation and protect against paclitaxel therapy in EOC cells. Next generation miRNA sequenc-
ing revealed 16 miRNAs abundant in malignant and benign patient omentum samples (A). Pathway analysis revealed disease ontology relationships for
ovarian cancer-associated pathways (B and C). The impact of transfection of miRNAs, highly expressed in omentum-derived EVS, on OVCAR-3 population
viability was assessed via Realtime-Glo Cell Viability Assay (D). The impact of 72 h 5nM paclitaxel treatment on miRNA transfected cells was also assessed
(E). Survival relative to matched untreated transfected cells is displayed. Mean+SD, n>5. *p<0.05, **p <0.01, ***p <0.005, ****p <0.0005 as indicated

(One-way ANOVA with Tukey's Multiple Comparisons Test)
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omental secretome (let-7b, miR-16, miR-21, miR-92a)
were selected and transfected into OVCAR-3 cells. With
the exception of miR-16, exosomal miRNAs increased
proliferation in OVCAR-3 cells (Fig. 8D) while all miR-
NAs protected EOC cells from PTX treatment (Fig. 8E).

Discussion
Epithelial ovarian cancer (EOC) metastasis is a com-
plex, multistep process involving shedding of cells from
the primary tumour, intra-peritoneal dissemination,
and attachment and invasion at a secondary site within
the peritoneal cavity [3]. Previous work has demon-
strated omentum tropism in ovarian cancer cells in a
mouse model [18], while omentum-derived adipocytes
and adipose stem cells can regulate gene expression
in EOC cell lines in favor of survival, proliferation and
chemoresistance [11, 24—26]. Omental adipocytes have
been shown to provide energy for proliferating EOC via
the direct transfer of fatty acids to neighbouring can-
cer cells [27], while suppression of this process through
inhibition of CD36 or FABP4 can sensitize EOC to che-
motherapy [14, 28]. Here, we further demonstrate an
important role for omental adipocytes in clinically rele-
vant aspects of EOC biology. Omentum-derived secreted
factors significantly impacted EOC cell line and patient
derived-spheroids proliferation (Figs. 1 and 7). Nota-
bly, this effect was apparent in omental tissue obtained
from patients with both malignant and non-malignant
ovarian neoplasms. The presence of pro-cancer signal-
ling within the peritoneum highlights the importance of
this microenvironment in the establishment and devel-
opment of EOC metastasis. Intra-peritoneal ovarian
cancer metastasis requires multiple cell types interact-
ing in a dynamic three-dimensional environment and
multicellular 3D models can, therefore, provide insights
into mechanisms of disease progression [29-32]. We
have developed a heterotypic spheroid model for adipo-
cyte-EOC interactions incorporating adipocyte-derived
stem cell (ADSC)-derived adipocytes and EOC cell lines
(Fig. 2). Tumour spheroids incorporate aspects of a local-
ised tumour microenvironment environment such as
gradients of nutrient availability and cellular necrosis and
can recapitulate phenotypic heterogeneity and mecha-
nisms of chemoresistance which are apparent in solid
tumours [33]. Furthermore, ovarian cancer metastasis
has been shown to progress through the dissemination
of multicellular aggregates, endogenous tumour spher-
oids, throughout the peritoneum [31, 34]. We found that
omentum-derived factors and adipocyte co-culture had
significant impact on the proliferative capacity of EOC
spheroids, as well as populations grown in monolayer
culture (Figs. 1 and 2).

Notably, omental tissue and adipocyte-derived para-
crine signalling decreased proliferation in spheroids, in
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contrast to monolayer populations and SKOV-3-spher-
oids. To understand differences observed in response of
EOC populations to adipocyte signalling, we explored
the phenotypic characteristics of cell lines, specifically in
relation to epithelial-to-mesenchymal transition (EMT),
whereby epithelial cells undergo widespread changes
in gene expression and phenotype and which has been
shown to promote invasion and protect metastasizing
cancer cells from therapy, while reducing proliferation
[22, 35, 36]. SKOV-3 represents a post-EMT phenotype
(Vimentin*, N-Cadherin* E-Cadherin'®*) with an inva-
sive pathology, while OVCAR-3 displayed an epithelial
profile (Vimentin~ N-Cadherin~ E-Cadherin"®") typical
of a less invasive, epithelial phenotype [37-39].

Tumour spheroids have been shown to generate a
heterogenous population of cells whose activity and
response to therapy is determined by their position in
three-dimensional space relative to spheroid architecture
and by differential penetration of nutrients and other bio-
active molecules, including therapeutic agents [33, 40].
OC cell lines grown in spheroid culture demonstrated
significantly more heterogeneous expression of EMT
markers than those grown in monolayer culture (Fig. 3).
Similarly, spheroid culture has been shown to upregu-
late population ‘stemness, the capacity for phenotypic
change in response to signalling factors and other exter-
nal stimuli [41]. We found that in response to adipocyte
signalling, OVCAR-3 cells transition to a more invasive,
vimentin* phenotype (Fig. 4) and suggest that phenotypic
heterogeneity within spheroid populations potentiates
this phenotypic switch. Vimentin has previously been
shown to play a central role in EMT-mediated metastasis
and targeting vimentin can increase susceptibility to che-
motherapy in ovarian cancer cells [39, 42, 43]. Epithelial
cancer cell transition to a mesenchymal-like phenotype
via EMT has been associated with poor response to che-
motherapy in ovarian cancer, a major obstacle in effective
treatment of advanced stage disease [44]. We explored
the impact of bi-directional signalling between EOC and
adipocytes on response to paclitaxel (PTX) therapy and
found adipocytes acted to protect EOC cell lines from
chemotherapy (Fig. 5).

Extracellular vesicles (EVs), including exosomes, have
been implicated in response to chemotherapy in a wide
range of cancers [45, 46], and play a significant role in sig-
nalling between malignant and non-malignant cell types
[19]. Adipocytes secrete exosomes in abundance, and
adipose-derived exosomes play a role in the regulation
of angiogenesis, proliferation, immunity and metabo-
lism [47]. In the tumour microenvironment, adipocyte-
derived exosomes promote cancer cell proliferation and
migration in breast cancer via activation of the hippo
pathway [48]. Similarly, adipocyte-derived exosomes can
reprogram tumour cell metabolism in melanoma through
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upregulation of fatty acid oxidation [49]. Here, we dem-
onstrated that omentum-derived exosomes provide che-
moprotection in EOC cells and drive EMT and invasion
in OVCAR-3 via the downregulation of E-Cadherin and
overexpression of N-Cadherin (Fig. 6). These data fur-
ther demonstrate the capacity of adipocyte-derived exo-
somes to generate a pro-tumorigenic microenvironment.
We validated our data using patient-derived spheroids
generated from ascites samples collected from HGSOC
patients, demonstrating the effect protective effect of
omentum CT and omentum-exosomes against paclitaxel
treatment as well as their capacity to stimulate expres-
sion of mesenchymal markers to promote an aggressive
OC phenotype (Fig. 7). Interestingly, we observed that
omentum-derived exosomes from patients with benign
masses could also drive these changes, underscoring
the crucial role of omental fat cells in facilitating can-
cer metastasis. Future experiments should investigate
whether other fatty tissues within the peritoneal cavity,
such as the mesentery, can also activate signaling path-
ways that promote ovarian cancer metastasis. Besides
the omentum, the mesentery significantly contributes to
ovarian cancer proliferation and metastasis. Mesenteric
fat secretes adipokines and cytokines such as leptin, adi-
ponectin, TNF-a, and IL-6, creating a pro-inflammatory
environment that drives ovarian cancer cell proliferation
and migration [50]. It also supports angiogenesis, ECM
remodelling, and provides metabolic substrates to cancer
cells, thereby facilitating tumour growth and dissemina-
tion [18]. Thus, both mesenteric and omental adipose
tissues are pivotal in creating a microenvironment that
supports cancer metastasis through complex biochemi-
cal and cellular interactions [51]. Obesity, characterized
by adipose hypertrophy, is a risk factor for many can-
cers, including EOC [6, 7, 52] and the cargo of exosomes
secreted by hypertrophic adipocytes has been shown to
be drastically altered [53-55]. Obesity-induced changes
in exosome content may, therefore, be a contributing fac-
tor in observed obesity and adiposity-related cancer risk.
Future experiments should investigate whether other
fatty tissues within the peritoneal cavity, such as the mes-
entery, can also activate exosome-mediated signaling
pathways described here for omentum adipose tissue that
promote ovarian cancer metastasis.

To better understand the pro-cancer components of
adipocyte-derived exosome cargo, we performed miRNA
next generation sequencing on exosomes secreted by
primary omental tissue. Exosome-derived microRNAs
have an impact on cancer development, progression,
mortality, and resistance to therapy [23, 45, 56, 57]. We
identified highly abundant miRNAs in patients with both
benign and malignant neoplasms (Fig. 7). Pathway analy-
sis revealed signalling networks related to ovarian can-
cer as well as breast, prostate, bladder, and endometrial
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cancers. Adipocytes have been shown to promote can-
cer development in breast [16, 58, 59] and prostate can-
cer [60, 61], while obesity is a risk factor for endometrial
cancer [12, 62, 63]. The exosome miRNA-regulated sig-
nalling networks identified here may therefore play a
wider-reaching role in the development of the metastatic
adipose niche and cancer development, especially those
cancers where increased adiposity is a known risk factor.
Furthermore, prolactin (PRL) signalling, identified here
through pathway analysis, is upregulated in numerous
hormone-dependent cancers including ovarian, breast,
prostate and endometrial cancer and is linked to cancer
via activation of JAK/STAT, AKT and MAPK pathways
[64—69]. In EOC, PRL-JAK-STAT pathway signalling can
lead to phosphorylation of STAT3 and STATS5 [66], con-
necting PRL signalling to EMT, EOC cancer stemness
and resistance to therapy [34, 70-72].

To validate the role of adipocyte-derived exosome
miRNAs in EOC we assessed the impact of miR-21, let-
7b, miR-16 and miR-92a on OVCAR-3 proliferation and
response to therapy and found a chemoprotective effect
for each miRNA. Previous work has demonstrated the
transfer of miR-21 from adipocytes to EOC cell lines
and shown that miR-21 can lower sensitivity to PTX
in cancer cells in in vitro and in vivo models [21]. This
previous study suggested miR-21 exerts its chemo-
protective effects via downregulation of APAF1, while
miR-21 can also promote cisplatin resistance in EOC by
negatively targeting the tumour suppressor PTEN [73].
Exosomal miR-21, derived from cancer associated fibro-
blasts, was shown also to activate STAT3 and promote
cisplatin resistance in oesophageal squamous cell carci-
noma [74]. miR-92a is part of the oncogenic miR-72-92
cluster and is highly expressed in a number of cancers,
including in EOC patient serum [75, 76], and its targets
include E-Cadherin [77]. The role of Let-7b in reduc-
ing PTX cytotoxicity is less clear as the Let-7 family of
miRNAs have previously been shown to act as tumour
suppressors in ovarian cancer [78—80] and let-7b is rela-
tively less abundant in exosomes derived from patients
with ovarian malignancies (Fig. 8A) as seen elsewhere
[80, 81]. However, transfection of OVCAR-3 with let-
7b miRNA increased proliferation and protection from
PTX therapy (Fig. 8D, E). Alongside the data presented
here, a meta-analysis of transcriptomes of 1,170 patients
with high grade ovarian cancer showed let-7b was associ-
ated with poor survival rates, implicating let-7b in resis-
tance to therapy [82]. Previous work has elucidated the
role in the tumour-derived exosomes in the formation of
the pre-metastatic niche [83] while here we demonstrate
the capacity for adipocyte-derived exosomes to gener-
ate a pro-tumorigenic, chemoprotective environment
via miRNA signalling. More importantly, here we show
that -derived adipocytes from non-cancer patients also
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contain key pro-oncogenic mediators of cancer prolifera-
tion, invasion and response to treatment, highlighting the
importance of increased adiposity as known cancer risk
factor. Therapies which aim to target cells within adipose
tissue in order to suppress cancer have shown prom-
ise in animal models may provide a means to modulate
and inhibit cancer-specific signalling and metabolism
[84, 85]. Currently, obese and non-obese patients receive
the same cancer treatment, despite apparent differences
in risk and outcome [8]. A more comprehensive under-
standing of the mechanisms through which the adipose
microenvironment drives pathogenesis and chemoresis-
tance will enable tailored therapies which target specific
pro-cancer signalling in healthy and obese or dysregu-
lated adipose tissue.

Conclusions

Taken together, these data suggest an important role for
adipose-derived exosomes in EOC metastasis. Trans-
formed epithelial cells in the primary ovarian or fal-
lopian tube microenvironment must undergo drastic
phenotypic changes to permit dissemination into the
peritoneum and invasion of peritoneal organs such as
the omentum. We propose an exosome-derived miRNA
signalling mechanism, acting at distance across the peri-
toneum, by which adipose tissue may act to promote
ovarian cancer cell motility and invasion via EMT while
protecting cancer cells from therapy. Experimental ther-
apeutics targeting cellular and molecular mechanisms
through which adipocytes drive cancer cell proliferation
and progression could reduce the increased cancer risk
associated with obesity and could improve the efficacy of
current anticancer treatments.
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