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ABSTRACT

Background

Ovarian cancer (OC) is regarded as a heterogeneous and malignant tumor type
differentiated into various subtypes of which the high-grade serous ovarian cancer
(HGSOC) is the most frequent and lethal. OC presents high mortality rates because
of its nonspecific symptoms shown in the initial stages, absence of screening
programs, and lack of knowledge regarding OC physiopathology. Treatment
includes surgery and chemotherapy, but chemoresistance, especially in recurrent
cases, poses a significant challenge. Currently, the most advanced in-vitro models
are patient derived organoids (PDOs), three-dimensional constructs capable of
mimicking tumor diversity. PDOs enable the analysis of patient-specific tumor
properties and can therefore be employed to personalize therapeutic strategies.
PDOs development requires a correct representation of the tumor
microenvironment (TME) and the extracellular matrix (ECM). Cancer-associated
fibroblasts (CAFs), are major regulators within the ECM, and significantly impact
tumor proliferation, metastasis, and resistance to therapies by remodeling the

ECM and influencing tumor-stromal interactions.

Purposes of the study

This study aims to successfully derive, culture, and characterize CAFs to enhance
our understanding of the ECM and investigate the interactions between CAFs and

tumor cells focusing on their impact on cell characteristics and proliferation.



Materials and Methods

CAFs were isolated and cultured from HGSOC samples, and their identity was
confirmed using both bright-field microscopy and immunofluorescence (IF). Key
markers such as CD29, FAP, and a-SMA were used to characterize the CAFs from
the primary tumor and omental tissues. To evaluate their proliferation rate, Ki-67
staining was applied. Additionally, co-culture experiments with CAFs and the
OVCARS3 cell line were carried out to investigate the interactions and proliferation

of both cell types.

Results

CAFs were successfully derived and characterized from both primary tumor and
omental samples, with positive expression of CD29, FAP, and a-SMA confirmed
through IF analysis. Combined with the bright-field analysis, morphological
differences were observed between the two populations, with omental CAFs
exhibiting a rounded shape compared to the spindle-shaped primary tumor CAFs.
Ki-67 proliferation analysis revealed 70% Ki-67 positive OVCAR3 cells, while CAFs

showed a lower index of 5%, which slightly increased to 6.5% in the co-culture.

Conclusions

The derivation and culture of CAFs from HGSOC samples yielded viable cells, as
confirmed by IF analysis, showing expected morphologies and positive expression
of key markers. These findings suggest that our protocol, after further validation,
could serve as a viable standardized method for CAFs derivation. Co-culture with
OVCAR3 cells led to a slightly increased Ki-67 expression compared to CAFs
cultured alone, suggesting a pro-proliferative interaction between the tumor cells
and CAFs. This reinforces the importance of focusing on CAF-tumor interactions

for developing improved models and therapeutic strategies.



RIASSUNTO

Presupposti dello studio

Il cancro ovarico (OC) e considerato una tipologia di tumore eterogeneo e
maligno, suddiviso in vari sottotipi, tra i quali il carcinoma sieroso di alto grado
(HGSOC) ¢ il pit frequente e letale. L'OC mostra alti tassi di mortalita a causa dei
sintomi aspecifici nelle fasi iniziali, dell'assenza di programmi di screening e della
mancanza di conoscenza riguardo alla fisiopatologia dell'OC. Il trattamento
include chirurgia e chemioterapia, ma la chemioresistenza, specialmente nei casi
ricorrenti, rappresenta una sfida significativa. Attualmente, i modelli in-vitro piu
avanzati sono gli organoidi derivati da paziente (PDOs), costrutti tridimensionali
capaci di imitare la diversita tumorale. Gli PDOs permettono I'analisi delle
caratteristiche tumorali specifiche del paziente e possono quindi essere utilizzati
per personalizzare le strategie terapeutiche. Lo sviluppo dei PDOs richiede una
corretta rappresentazione del microambiente tumorale (TME) e della matrice
extracellulare (ECM). | fibroblasti associati al cancro (CAFs) sono importanti
regolatori all'interno dell'ECM e influenzano significativamente la proliferazione
tumorale, le metastasi e la resistenza alle terapie, rimodellando I'ECM e

influenzando le interazioni tra il tumore e lo stroma.

Obiettivi dello studio

Questo studio mira a derivare, coltivare e caratterizzare con successo i CAFs per
migliorare la comprensione dell'ECM e indagare le interazioni tra i CAFs e le cellule
tumorali, concentrandosi sul loro impatto sulle caratteristiche cellulari e la

proliferazione.



Materiali e metodi

| CAFs sono stati isolati e coltivati da campioni di HGSOC, e la loro identita € stata
confermata  utilizzando sia la microscopia a campo chiaro che
I'immunofluorescenza (IF). Marcatori chiave come CD29, FAP e a-SMA sono stati
utilizzati per caratterizzare i CAFs derivati dal tumore primario e dai tessuti
omentali. Per valutare il loro tasso di proliferazione & stata applicata la colorazione
con Ki-67. Inoltre, sono stati condotti esperimenti di co-coltura con CAFs e la linea

cellulare OVCAR3 per indagare le interazioni e la proliferazione di entrambi i tipi.

Risultati

| CAFs sono stati derivati e caratterizzati con successo sia dai campioni del tumore
primario che da quelli omentali, con espressione positiva di CD29, FAP e a-SMA
confermata tramite analisi IF. Combinato con I'analisi a campo chiaro, sono state
osservate differenze morfologiche tra le due popolazioni, con i CAFs omentali che
mostravano una forma arrotondata rispetto ai CAFs del tumore primario, che
erano a forma di fuso. L'analisi della proliferazione con Ki-67 ha rivelato un indice
di proliferazione del 70% nelle cellule OVCAR3, mentre i CAFs hanno mostrato un
indice inferiore del 5%, che e leggermente aumentato al 6,5% in co-coltura con le

cellule tumorali.

Conclusioni

La derivazione e la coltura dei CAFs dai campioni di HGSOC hanno prodotto cellule
vitali, come confermato tramite analisi IF, mostrando morfologie attese ed
espressione positiva dei marcatori chiave. Questi risultati suggeriscono che il
nostro protocollo, dopo ulteriori validazioni, potrebbe servire come un metodo
standardizzato valido per la derivazione dei CAFs. La co-coltura con le cellule
OVCAR3 ha portato a un leggero aumento del Ki-67 rispetto ai CAFs coltivati da
soli, suggerendo un’interazione pro-proliferativa tra le cellule tumorali e i CAFs.
Questo rafforza I'importanza di focalizzarsi sulle interazioni tra CAFs e tumore per

sviluppare modelli e strategie terapeutiche migliorate.



Abbreviation Index
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1. INTRODUCTION

1.1. Ovarian cancer

Ovarian cancer (OC) is the leading cause of cancer related mortality in patients
with gynecologic malignancies 1. 70% of patients are diagnosed in stages IlI-IV 2

and the 5-year overall survival rate is around 51% %23,

OC is identified as either primary that arises from the ovarian tissue or secondary
that develops from tissues that are extra-ovarian in origin. Primary OC comprises
a number of histological types. Epithelial OC is the most prevalent, accounting for
95% of malignant cases *. The World Health Organization (WHO) also categorizes
epithelial OC according to cell type which include: serous (SC), mucinous (MC),
endometrioid (EC), and clear-cell carcinomas (CCC), as shown in Table | >¢. Non-
epithelial cancers are rare, making up about 5% of all ovarian cancers. They are
primarily germ cell and sex-cord stromal cancers, with small cell carcinoma and

ovarian sarcoma occurring less frequently .

Low-grade 5C ]Iish-gﬁrh,- SC MC EC QoC
Frequency 5% TG 1-¥% 1% 5-10%%
Immunophenotype CE7+WT1+. ER+ CE7+, CK20, PAXE+, CK7+,CK20-,ER-, CE7+, PAXB+, napsin A+, WTl-,
WTl+ PR-,WTI CE20-, WTI p53-, ER:
Precursor lesion Lo _'g:.nlg malignant pa-  5TIC barderline mucinous endometriosis endometriosis
tential besions lesions
Maolecalar KRAS, BRAF TP53, BRCALR2 KRAS, HER2 ARIDIA, PFTEN ARIDIA, FIE3CA
abmormalities |22, 23] (16, 17] 15, 35-34] 133] [ %4, 51, 53]
Prngnni:ﬂ. intermisdiate poor gumd favorakle irtermeediaie
S serous carcipoma: MO, mucinous carcimoma: FC, endometriold carcimoma: OOC dear-cell carcinoma: STIC, serous tubal ||:'.nr-_:'u|'nr'||.l'||'.|r.'||m|m_

ER, estrogen recepiorn; PR, progesterone receplor.

Table I: Features of the 5 major subtypes of ovarian carcinoma. (Kossai et al. 2017)

An additional classification system by the WHO, divides OC into two types
according to their genetic and molecular profile. Type | tumors (80%) are slow
growing and are associated with mutations in PTEN, BRAF, KRAS, CTNNB1, and

PIK3CA. They include low-grade serous ovarian carcinoma (LGSOC), MC, EC,



malignant Brenner tumor, and CCC. Type Il tumors (20%) present mutations in
TP53 (96%), breast cancer gene 1 (BRCA1), breast cancer gene 2 (BRCA2), or
CCNEL. They are aggressive with early metastases and include high-grade serous
ovarian carcinoma (HGSOC) and carcinosarcoma. The penetration of these
mutation varies based on family history and ethnicity and have higher frequencies

in Ashkenazi jews. As a group, type Il tumors are associated with a worse prognosis

783 This classification is illustrated in Figure 1.

OVARIAN CANCER

TYPE I

+ High grade serous carcinoma (HGS0C)

* Slow growing + Rapdly growing
+ Loss aggrossive clinical prosontation *  Moro aggrossive Chinecal prosontaton
=« Can be diagnosed al earker stages of . dingrosad ol advanced stages of

disease (stage 1-1)

|
:

Molecular Profile

» Characiorized by genotic siabdty = High genetic nstabidity
+ Commonly mutated genes include: PTEM, = TPS3, CONE1 mutations are very COmmon
BRAF, KRAS, CTHNB1 and PIKCCA = Pathogenic germiine BRCA1/2 mutations

Figure 1: Schematic representation of ovarian cancer classification into type | and type Il. (Zhu,

Charkhchi, and Akbari 2022)

OC is a multifactorial disease. While genetic mutations account for the majority of
hereditary OC cases, there are other risk factors involved in the sporadic OC cases.
These risk factors include increased ovulation cycles, such as those associated with
early menarche, late menopause, and nulliparity. On the other hand, the use of
combined estrogen-progestin contraceptive pills has been found to be

protectivel®.

Among women, OC is the sixth most frequent malignancy, accounting for 4% of

all cancer-related deaths and ranking as the fifth leading cause of cancer death in



developed countries. It is more common in older than in younger women, with
yearly diagnosis usually occurring around the age of 63, as seen in Figure 2 11,
The highest prevalence of OC is listed in Western Europe and North America,
with incidence rates ranging from 5 to 15 per 100,000 women, while lower rates
are observed in the Middle East and Asia. These differences can be related to

factors such as race, reproductive history, and lifestyle 2.

Percent of New Cases by Age Group: Ovarian Cancer

Ovarian cancer is most frequently
diagnosed among women aged

25-64.

35|
§ 30| Median Age
5 25| 24.5% 24.1% At Diagnosis
s 20| .
% 16.0% 15,5%
E s 63
< 10| 7.4% 7.0%

5| 4.5%

1.4%
0'".20 20-34 3544 45-54 55-64 65-74 75-84 »84
Ao

SEER 22 2016-2020, All Races, Fernales

Figure 2: SEER cancer statistics factsheets on ovarian cancer. (National Cancer Institute 2020)

Since OC lacks specific symptoms which are often vague and non-specific,
occurring only at advanced stages, early-stage diagnosis is rare. Possible

symptoms include abdominal bloating, pain and changes in bowel habits °.

OC diagnosis is done using a combination of imaging techniques such as
transvaginal ultrasound (TVUS) combined with serum biomarkers including Cancer
Antigen 125 (CA125) and Human Epididymis Protein 4 (HE4) %12, For a definitive
diagnostic confirmation, a tumor sample should be obtained either by TVUS-

guided biopsy or during surgery for pathological analysis 1°.

Computed tomography (CT) is the recommended imaging modality for staging OC
and provides clinically relevant information including the size of the primary

tumor, the size and localization of peritoneal implants and the status of lymph-



nodes, and is useful in evaluating response to treatment. Magnetic resonance
imaging (MRI) is used for characterization of indeterminate lesions seen on CT or
TVUS. Positron emission tomography (PET) and PET/CT are also helpful in staging
OC and for detecting recurrent disease, especially in the setting of increasing

tumor markers with negative imaging findings 3.

The main staging system employed for gynecologic tumors is the International
Federation of Gynecology and Obstetrics (FIGO) staging system, that classifies the
tumor in 4 stages according to its local and systemic progression, summarized in
Table Il. This classification system provides accurate prognostic information and

guidance on the management of OC!4,

Stage Extension

Stage | - Macroscopically limited to the ovarles

la One ovary is affected, capsule intact

Ib Both ovaries are affected

Ic la or Ib with tumor on the surface, broken capsule, ascites positive on
cytological examination, or positive peritoneal washings

Stage Il - Macroscopically limited to the pelvis

Stage Il - Abdominal disease and/or lymph nodes involved

Stage IV - Disease spread beyond the abdomen

Tahle I1: The International Federation of Gynecology and Obstetrics (FIGQ) tumor staging system.

(2014, Manuale di ginecologio € ostetricia)

Despite the high heterogeneous nature of OC, its treatment is standardized and
primarily focused on radical surgical intervention followed by peritoneal washing
and chemotherapy with platinum-based agents often in combination with
taxanes. These agents work by damaging DNA or inhibiting cell division to prevent

the cancer from spreading >,



Chemotherapy response rate is around 80%. Unfortunately, after 2 years almost
70% of patients relapse and develop chemoresistance . To address this challenge,
targeted therapies and immunotherapy have been incorporated into the
treatment arsenal in combination with chemotherapy and are used as

maintenance therapy to reduce recurrence.

Poly (ADP-Ribose) Polymerase inhibitors (PARPi), for example, target cancer cells
with specific genetic mutations (e.g. BRCA mutations) and have been shown to be
effective in improving patient outcomes by preventing cancer cells from repairing

their DNA, leading to apoptosis!®2,

An innovative approach to overcoming resistance to therapy is personalized
medicine that, based on the specific genetic characteristics of a patient's tumor,
can predict the response to those treatments and improve their success

potential¥1819,

1.1.1. High-Grade Serous Ovarian Carcinoma

HGSOC is the most common and lethal form of OC, known for its aggressive
behavior and poor prognosis. This cancer typically originates from the epithelium
of the fallopian tube and is often diagnosed at an advanced stage with over 70%
of patients already exhibiting peritoneal dissemination 2°. In peritoneal
dissemination cells detach from the primary tumor in the fallopian tube and
spread with the peritoneal fluid to various sites within the peritoneal cavity. This
results in a unique intra-abdominal environment that includes the primary tumor,
peritoneal disseminations, omental metastasis and ascitic fluid 2. This
dissemination method is a distinctive feature of HGSOC, which does not encounter

anatomical barriers that limit its dissemination.

HGSOC displays significant morphological diversity at both micro- and macroscopic
levels, resulting from the tumor's metaplastic changes and differentiation

processes. This diversity is traditionally categorized by examining Hematoxylin and



Eosin (H&E) stained morphologies, often in conjunction with molecular
signatures??. The morphological characteristics can be classified into two distinct
groups based on growth patterns seen in H&E. The first group is the classic feature
group, which includes papillary, infiltrative micropapillary and papillary infiltrative
growth patterns. The second group lacks the classic features and includes solid,
pseudo-endometrioid and transitional growth patterns 23. The patterns are

illustrated in Figure 3.
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Figure 3: Representative H&E images of HGSO0Cs patterns. (A) micropapillary, {B) pseudo-
endometrioid, (C) papiflary, (D) solid, (E) transitional-like, (F) healthy peritoneal fibrous tissue.

{Azzalini et al. 2023)

HGSOC is characterized by high levels of chromosomal instability. In 96% of cases,
loss-of-function (LOF) mutations in TP53 can be found, which are critical to cancer
pathogenesis 22?4, Another frequent mutation is the LOF in the BRCA1 or BRCA2
gene, which leads to homologous recombination deficiency (HRD) 2°. PARPi
exploits synthetic lethality in HRD-positive cells by trapping PARP1 at single-strand
DNA breaks, leading to double-strand breaks (DSBs). In cells with BRCA1 or BRCA2
mutations, the inability to repair DSBs increases genomic instability and cell death,
as shown in Figure 4. Therefore, HRD is a valuable biomarker for predicting PARPi

therapy response in HGSOC, breast and prostate cancers?®
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Figure 4: Homologous recombination deficiency (HRD). (carislifescience.com/ Homologous

recombination deficiency [HRD])

The use of PARPi in HRD-positive HGSOC patients is a key example of the
effectiveness of personalized medicine in addressing chemoresistance. To
deepen our understanding of HGSOC biology and refine personalized therapies,

preclinical cellular models are employed to mimic the in vivo environment.

Patient-derived organoids (PDOs) are three-dimensional (3D) models and are at
the forefront of research in personalized medicine. They offer new ways to
accurately simulate the tumor environment, test drugs more effectively, and gain
deeper insights into the behavior of cancer cells under various treatment

conditions1?



1.2. Preclinical models for studying ovarian carcinoma

Even with advancements in OC treatment, only about 51% of patients survive for
five years. This is mostly because there are no efficient screening programs in place
and little knowledge of the distinct OC tumor biology '3, leading to worse
prognosis and restricting the ability to personalize the therapy 7. Enhancing the
knowledge of cancer biology requires preclinical models that accurately reflect
intra- and interpatient tumor heterogeneity ?’. As demonstrated in Figure 5,
current preclinical models are divided into two-dimensional models (2D) such as
cell lines, patient-derived xenografts (PDXs), genetically engineered mouse models

(GEMMs) and 3D models, including spheroids, and PDOs 1°.

Figure 5: Preclinical models for epithelial ovarion concer. (Spagnel et al. 2023)



Cancer cell lines are immortalized cells that can proliferate indefinitely in vitro.
Because they are simple to use and easy to expand, they are frequently used for
drug screening and identifying the histopathological subtypes of OC. However, the
process of immortalizing primary tissue cell lines is highly inefficient, and extensive
genetic shifts can occur during propagation, leading to significant alterations in
morphology and biological properties **?%. Cell lines continue to be a widely used

instrument for high-throughput drug screening despite these drawbacks.

PDXs are in vivo models created by implanting tumor tissues from patients into
immunocompromised mice, preserving the original tumor's histological and
genetic features. They provide a robust platform for drug testing, biomarker
identification, tumor heterogeneity research and personalized medicine strategies
development. However, challenges include potential loss of tumor heterogeneity
over passages, clonal evolution, and the inability to replicate the human immune
system. Additionally, the engraftment process can be time-consuming and not all

tumor types engraft successfully 1928,

GEMMs are mice genetically modified to carry mutations associated with human
cancers, allowing them to mimic genetic alterations found in human tumors. These
models are used for studying cancer development, progression and therapeutic
strategies, as well as exploring cancer cell interactions with the tumor
microenvironment (TME). However, GEMMs may not fully capture the complexity
of human tumors due to the interspecies differences in the TME and immune
responses. Furthermore, they take a long time to grow and might not correctly

represent the heterogeneity seen in patient malignancies 192°.

Spheroids are 3D models that provide a more realistic approach than 2D cultures.
They allow cancer cells to grow in a manner that more closely mimics in vivo
tumors. They can be formed from a single cell type or co-cultured with other cells.
A few examples of this model's limitations are the variability in size and structure

and the fact that they may not fully capture the complexity of actual tumors.
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Despite these challenges, spheroids are essential tools for understanding tumor

growth and researching new therapies 3031,

PDOs are 3D tissue models that closely mimic in vivo tumors making them
particularly valuable in personalized medicine. They maintain key characteristics
such as genetic heterogeneity as well as nuclear and cellular atypia. They offer
numerous clinical applications, including cancer and disease modeling,
transcriptomics and epigenomic analysis, drug screening, toxicity testing and
biobanking. Compared to other preclinical models, PDOs provide a more
accurate representation of tumor behavior and are increasingly recognized as

powerful tools in cancer research 27:3%33,

2D models are easy to use and cost-effective which makes them a popular tool in
cancer research, but they are unable to replicate the complex TME and patient-
specific tumor heterogeneity. On the other hand, 3D models, such as spheroids
and PDOs, offer more realistic models, enhancing our ability to study cancer
biology, cell-extracellular matrix interactions and develop personalized

therapies343°,
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1.3. Patient derived organoids

PDOs are 3D cell culture models derived from stem cells that replicate the
architecture and functionality of real in-vivo tissue. They can be developed from
various types of stem cells, including embryonic stem cells, pluripotent stem cells
and adult progenitor stem cells (ASCs). Notably, PDOs are typically generated from
ASCs specific to the epithelium of the organ in question, enabling them to closely
mimic the morphology, mutational profile and gene expression patterns of the

patient’s original tumor *°.

PDOs preserve the complex cell-cell and cell-extracellular matrix interactions
found in vivo, offering a more realistic environment than traditional 2D models.
This allows PDOs to closely replicate human tissues, providing a valuable in vitro
platform for studying human disease 363738 PDOs are more manageable
compared to 2D models, such as PDXs. They can be established more efficiently
from patient tissues, are less labor-intensive and are more scalable, making them
an ethically favorable option for high-throughput drug screening and disease

modeling 2736,

Due to their promising potential as a preclinical drug screening platform in cancer
research, researchers are creating PDO biobanks that could serve as a living
repository that mirrors the diversity of patient tumors 3. This biobanks will allow
for high-throughput screening of drug libraries to identify potential therapeutic

candidates 4941,

There is preliminary evidence of the correlation between PDO drug screening
results and clinical responses to systemic therapies and radiation 3°. Using these
models to predict patient-specific drug response holds great promise as it could
help clinicians in guiding personalized treatment decisions and optimizing patient

outcomes 49,
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However, PDOs are not without limitations. One significant challenge is the
current inability to fully replicate the TME, which is essential for a complete
physiological replication 8. Efforts are ongoing to incorporate these elements into
PDOs cultures to better model the TME and improve the relevance of these models
in long-term culture and functional maturation. Another challenge is that, to
accurately replicate a tumor, PDOs culture should contain only tumor cells,
excluding healthy cells from the sample. The current solution for this challenge
requires the use of selective media that can prevent the growth of non tumor-

derived PDOs 2.

Additionally, optimizing PDOs establishment rates and reducing the time to obtain
screening results is crucial to make this approach feasible 4%43, Standardizing
culture protocols and developing automated platforms can enhance
reproducibility and throughput 4%4!, Lastly, integrating PDOs with advanced
analytical techniques like image-based analysis can provide more comprehensive

readouts of drug effects %°.

Despite these challenges, their potential is significant. PDOs are increasingly
recognized as powerful tools for cancer research, drug discovery and personalized
medicine as shown in Figure 6. With further optimization and clinical validation,
PDO-based drug screening holds the potential to transform the cancer drug

development process and improve outcomes for patients.

As the field progresses, it is anticipated that PDOs will play a central role in the
future of precision oncology, bringing innovative techniques closer to clinical
application. To further advance the development of accurate PDO models, correct

representation and incorparation of all TME components is needed 3°.



|
|
|
|
|
l

@ Response ) Mid respome O No response

Figure 6: Potential applications of FDOs. (H. Xu et al. 2018)
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1.4. Tumor microenvironment and extracellular matrix

The TME is the complex environment surrounding a tumor, including the
extracellular matrix (ECM), blood vessels, immune cells, cancer-associated

fibroblasts (CAFs), and signaling molecules, as demonstrated in Figure 7 4445,

L e |
@ Tumor cell {0 ) TAM(tumor-associated ~ ——<\GPswm—— CAF(cancer-associated fibroblast

he A macrophage)

Extracellular matrix g ﬁ T T :d-a lymph @ NK cell

Figure 7: Tumor microenvironment components. (Shi et al. 2024)

This environment is not just a passive background for the tumor, as it actively
participates in the tumor’s progression and metastasis. Tumor cells can
manipulate the TME to promote their survival, growth and invasion, making these
interactions critical for understanding cancer biology and developing effective
therapies %647, To attest to that, targeting stromal cells within the TME has shown

promise in enhancing chemotherapy efficacy and reducing tumor resistance 4.

The ECM is a vital component of the TME and serves as the scaffold that maintains
tissue integrity and regulates cellular behavior through various biochemical
signals. It is composed of a complex network of proteins and polysaccharides, such
as collagen, elastin, fibronectin and laminin, that play crucial roles in cell adhesion,
migration, differentiation and proliferation. Additionally, the ECM is dynamic,
continuously undergoing remodeling to accommodate growth, development and

repair processes %°.
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ECM-based biomaterials are becoming increasingly utilized in medical research
and therapeutic applications. For example, liver biomatrix derived from ECM of
liver tissue has been shown to support hepatocyte culture better than traditional
plastic substrates, retaining liver-specific functions for longer periods and
highlighting the potential for tissue-specific ECM in regenerative medicine and

tissue engineering “°.

In relation to PDOs, their development heavily relies on the ECM, as they require
a supportive matrix that provides the necessary biochemical and physical signals

for proper cellular organization and differentiation *°.

This can be explained by the fact that the ECM does not only support the
mechanical structure of organoids, but also facilitates cellular signaling essential

for the development of tissue-specific functions °.

In cancer research specifically, tumor PDOs grown within an ECM scaffold can
better replicate the heterogeneity and complexity of the original tumors,
highlighting the value of exploring it >°. The most commonly used type of ECM for
cell culture matrix is Matrigel®, a solubilized basement membrane extracted from
Engelbreth—Holm—-Swarm mouse sarcoma, consisting of an undefined mixture of
ECM proteins and growth factors. Geltrex™, another cell culture matrix, is
interchangeable with Matrigel® but has less batch-to-batch composition and
quality variation °1. An alternative to Matrigel is ovarian tumor hydrogel, a peptide-
protein co-assembling hydrogel-based multicellular 3D model for OC, which offers

a more defined and reproducible matrix for organoid culture >2.

Among the components of the TME needed to develop accurate PDO models, CAFs
are important, as they influence tumor progression, primarily through their

influence on the ECM.
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1.5. Cancer-associated fibroblasts

CAFs represent an importent and heterogeneous group of activated fibroblasts
within the TME. Their presence and activity are fundamental in influencing cancer
progression and metastasis, making them a major focus of oncological research

and therapeutic development >34,

Elevated presence and density of CAFs within the TME are generally associated
with poor prognosis >°. This is primarily due to their role in promoting tumor
progression and metastasis. Another role in worsening the prognosis, as
demonstrated by Mhawech-Fauceglia et al., by increasing the resistance to

platinum-based therapies as well as accelerating relapses in OC °°.

CAFs originate from diverse sources as demonstrated in Figure 8, the most
common being resident fibroblasts within the tissue. Another common origin is
from endothelial cells undergoing endothelial-mesenchymal transition (EMT) as
tumors advance. Other possible origins are bone marrow-derived cells,
mesenchymal stem cells and adipocytes *’. This heterogeneity contributes to their

functional diversity within the TME.
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Figure 8: Multiple origins of CAFs and their potential precursor cells. (Yang et al.2023)

CAFs differ from resting fibroblasts in several key aspects. CAFs are generally
larger, spindle-shaped and feature indented nuclei with branching cytoplasm.
They exhibit enhanced proliferative, migratory and secretory abilities, making
them more metabolically active than normal fibroblasts. They produce higher
levels of ECM components such as tenascin (glycoprotein that support cellular
adhesion and motility), periostin (protein that activates signaling pathways
promoting cell survival, angiogenesis, invasion and EMT) and abnormally rigid
collagen (structural protein necessary for tissue scaffolding, cell adhesion,

migration and repair) >3°8-61,

The transition from resting fibroblasts to CAFs is driven by several signaling
mechanisms, including Hippo pathway activation, LOF of TP53 and heat shock
factor protein 1 activation. These mechanisms are often triggered by

inflammation and changes in the ECM's structure and composition 3.

There are numerous markers available for identifying CAFs. The most promising
ones, often considered specific "CAF markers" include fibroblast activation
protein (FAP), a-smooth muscle actin (a-SMA) and integrin f1 (CD29). These

markers have gained attention for their potential to accurately identify CAFs,
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despite the inherent complexity and heterogeneity of fibroblast populations >362-

64

CAFs are critical players in tumor progression, primarily through their influence on
the ECM within the TME. By employing both proteolytic and mechanical processes,
CAFs modify the ECM's structure and stiffness, facilitating cancer cell migration
and invasion as shown in Figure 9 ©°. By depositing new matrix components, CAFs
not only supports tumor growth and metastasis but also creates physical barriers
that impede drug delivery and immune cell infiltration . In addition to these
structural changes, CAFs secrete signaling molecules and ECM-degrading enzymes,

further altering the TME to favor cancer progression ©’.

2. Invasion and metastasis
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Figure 9: The mechanisms by which CAFs influence tumor progression. (1) Angiogenesis and tumor
growth, (2) Invasion and metastasis, (3) Immune modulation, (4) Therapy resistance. (Glabman et

al.2022)

Complementarily, tumor cells and other stromal cells within the TME also induce
the conversion of fibroblasts into CAFs by releasing transforming growth factors,
such as transforming growth factor beta (TGF-B), platelet-derived growth factor

(PDGF) and fibroblast growth factor-2 (FGF2) 2.

The potential of targeting CAFs for cancer therapy has led to the exploration of

various strategies, including CAF-targeted vaccines, Chimeric Antigen Receptor
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(CAR) T cells and reprogramming CAF functions °3®5%  Nevertheless, the
heterogeneity of CAFs, the lack of specific markers and the limitations of current

animal models pose considerable challenges to these therapeutic approaches ’.

For PDOs, the interaction between CAFs and tumor cells within the ECM promotes
a more relevant representation of the TME, enhancing the predictive power of the
PDOs for drug screening and disease modeling. Furthermore, the presence of CAFs
in PDO cultures can mimic the desmoplastic reaction often observed in tumors,
providing insights into tumor progression and therapeutic responses. Thus,
understanding the roles of CAFs, is essential for optimizing the design and

application of PDOs in cancer research and regenerative medicine 7,
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2. PURPOSES OF THE STUDY

The primary objectives of this study are as follows:

1. Establish a functional and reproducible protocol for the derivation and
culture of CAFs from HGSOC, with the potential for future standardization.
2. Enhance our understanding of the ECM and investigate the interactions
between CAFs and tumor cells, particularly focusing on their effects on cell

behavior and proliferation.
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3. MATERIALS AND METHODS

3.1. Patient population and inclusion criteria

Four biopsy samples were collected from HGSOC patients who underwent surgery
at the Gynecologic and Obstetric Clinic of the University of Padua. The protocol
received approval from ethics oversight institutions (Protocol Number

P3059/2021).
All enrolled patients met the specified inclusion criteria, which were as follows:

e Histologically confirmed HGSOC
® Age > 18 years

e \Written informed consent

3.2. Biopsy sample collection

Following collection, the biopsies were preserved in Tissue Storage Solution
(MACS®, Miltenyi Biotech) combined with 1% P/S (Gibco™, Penicillins-
Streptomycins) and 1% Anti-anti (Gibco™, Antibiotic-Antimycotic [100X]) before

being transferred to the laboratory.

3.3. OVCARS3 cell cultures

OVCAR3 ovarian cancer cell lines were cultured in "Roswell Park Memorial
Institute (RPMI) 1640 Medium" supplemented with 10% (v/v) fetal bovine serum
(FBS), 1% (v/v) L-glutamine, and 1% (v/v) P/S solution. Cells were cultured in T75
cell culture flasks at 37°C with 5% CO2. For the co-culture experiment, the cells
were plated in T75 flasks with DMEM medium. Upon reaching 85% confluence,
cells were detached from the flasks using Trypsin-EDTA (0.025%) solution and
subcultured in new flasks. The culture medium was changed every two to three

days.
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3.4. Derivation and culture of CAF

To generate CAFs from HGSOC samples, a protocol was established involving initial
washing with a DMEM/F12-based buffer, followed by mechanical homogenization
and enzymatic digestion using Liberase™ in a 24-well plate. After 1 hour of
incubation at 37°C, the digestion was halted with a washing buffer, and the
mixture was centrifuged. The pellet was filtered, washed and centrifuged again
before being transferred to a T25 flask with culture medium. Cells were
successfully cultured until 85% confluence, then detached with Trypsin-EDTA and
subcultured. The medium was replaced every 48 hours. The full protocol can be

found in the results chapter (4.2).

3.5. Immunofluorescence staining of CAFs

To conduct immunofluorescence (IF) imaging, the samples were fixed with 4%
paraformaldehyde (PFA) for 10 minutes and then subjected to sucrose gradient
treatment (10%, 15%, and 30%, each for 3 hours) at 4°C. The samples were
permeabilized using a 0.5% (v/v) Triton X-100 solution in 1X PBS for 20 minutes at
room temperature (RT) and subsequently washed with 1X PBS for 5 minutes. The
sections were then blocked with 10% (v/v) horse serum in 1X PBS for 40 minutes

at RT, followed by another 5-minute wash with 1X PBS at RT.

The samples were then incubated with the following primary antibodies: mouse
anti-integrin B1/ITGB1, rabbit anti-fibroblast activation protein, and rabbit
polyclonal anti Ki-67 diluted according to the specifications in Table Ill and stored
in the dark at 4°C for 24 hours. A subsequent primary antibody goat anti-alpha
smooth muscle actin was added, diluted as specified in Table I, and incubated for

2 hours at 37°C. The samples were then washed with 1X PBS at RT for 10 minutes.

Next, the samples were incubated with secondary antibodies: goat anti-mouse,
goat anti-rabbit, donkey anti-goat and chicken anti-rabbit diluted as described in

Table Ill, for 1 hour at 37°C in the dark. Following this, the samples underwent a
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final wash with 1X PBS at RT, protected from light, for 10 minutes. Nuclei were
stained at a dilution of 1:10000 HOECHST (Life Technologies) for 15 minutes at RT
in the dark.

A last wash was performed in 1X PBS and cells were maintained in 1X PBS to be
analyzed. Images were acquired with a fluorescence inverted microscope (Zeiss
Axio Observer). Using Imagel software, the number of Ki-67 positive cells divided
by the number of total nuclei was calculated to quantify the number of

proliferating cells.

Antibody Producer and ref. Primary/ Dilution

number Secondary
Mouse monoclonal Santa Cruz Primary 1:50 in 1X PBS +
anti-Integrin biotechnology 1% BSA
B1/1ITGB1 (JB1B) 5C59829
antibody (CD29)
Rabbit Polyclonal Arigo bio Primary 1:100 in 1X PBS +
anti Fibroblast laboratories 1% BSA
activation protein ARGBEETD1
(FAP) antibody
Goat Polyclonal anti | Arigo bio Primary 1:50 in 1X PBS +
alpha smooth laboratories 1% BSA
muscle actin ARGBE3621
antibody (a-SMA)
Rabbit polyclonal ProteinTech, 27309- | Primary 1:100 in 1X PBS +
anti-Ki67 antibody AP-1 1% BSA
Coralited88- ProteinTech, Secondary 1:200 in 1X PBS +
conjugated Goat AB 2810983 1% BSA
Anti-Mouse Cat no : SAD0013-1
IgG(H+L)
Coralite594 — ProteinTech, Secondary 1:200 in 1X PBS +
conjugated Goat AB_2810984 1% BSA
Anti-Rabbit IgG(H+L) | Cat no : SAD0013-4
CF&47 Donkey anti- Biotium, Secondary 1:200 in 1X PBS +
goat IgG (H+L) Cat no:20048 1% BSA
Chicken anti-Rabbit | Thermo Fisher Secondary 1:200 in 1X PBS +
IgG (H+L) Cross- Scientific, catalog # 1% BSA
Adsorbed Secondary | A-21441, RRID
Antibody, Alexa AB_2535859
Fluor™ 488

Table 1ii: Primary and secondary antibodies used for IF assays
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3.6. Co-culture of OVCAR3 cell line and CAF

To create the co-cultures, 30.000 cells from OVCAR3 cell line and 30.000 cells from
CAFs KOV71 were harvested in a 24-multiwell plate. Beforehand cells from the
OVCARS3 cell line were stained with DIL dye (dilution 1:200 in PBS). The co-culture
was resuspended in 800ul of DMEM supplemented with 10% (v/v) FBS, 1% (v/v) L-
glutamine, and 1% (v/v) P/S solution. After 24 hours, co-culture was observed
using a Zeiss Axio Observer microscope to assess the bidirectional interactions

between CAFs and cancer cells.

3.7. Statistical analysis

All graphs and statistical analyses were performed using the GraphPad Prism

Software 8.4. Data were expressed as means + SE.

For the comparison between paired experimental groups, Student's t-test was
used for parametric datasets, and the Mann-Whitney test was used for non-

parametric datasets. p-value < 0.05 was considered statistically significant.
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4. RESULTS

During the extraction of CAFs, we developed this derivation protocol for the

establishment of CAFs biorepositories based on the "OC PDOs biorepository"

protocol.

4.1. OC CAFs biorepository establishment protocol

1. Sample collection:

a. Perform OC surgery (laparoscopic or laparotomic) as per standard

clinical procedures.

. Place excised tissues on a sterile surface while wearing sterile

gloves.
Under gynecologist supervision, identify the ovaries and the tumor

site.

. Using a sterile scalpel, excise a significant sample of ovarian tumor

tissue (1.5-2 cm), avoiding necrotic or iatrogenically altered
material.

Repeat the procedure to obtain a sample of normal tissue
(preferably ovarian tissue; peritoneum or omentum may also be
used if normal ovarian tissue is unavailable).

Additional biopsies of tumor or peritumoral tissues can be taken as

necessary.

2. Sample handling:

a. Place each tissue sample into falcon tubes containing 10 mL of

MACS® Tissue Storage Solution to cover the sample.

b. Label the test tube caps:

i.  Tforthe tumor sample

ii. N forthe normal tissue sample.

3. Arterial blood sampling:

a. Fill 3 vacutainers (6 mL each) with:
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i. 1 Clot activator tube (CAT) with a red cap for serum storage.
ii. 2 K2EDTA tubes (K2E) with violet caps for plasma storage.
b. Mark all tubes with the patient’s identification tag.
4. Sample transport: Transport the falcon tubes containing the biopsy in 10
mL of MACS® Tissue Storage Solution in an iced box.

The protocol is demonstrated in Figure 10.



Figure 10: Development of a standaord operating procedure for the establishment of an OC CAFs
biorepository. (1a) OC surgery following stendord cfinical procedures, (1b) Specimen extroction,
{1c) Ovary isolotion, {1d} Biopsy, {2} Somple handiing, (3) Arterigl blood sampling, (4,5) Somple

tronsport.

27
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4.2. CAFs derivation protocol

1. Initial sample handling upon arrival in laboratory: Wash the samples with
a buffer solution composed of:
a. DMEM/F12 (Gibco™)
b. 1% HEPES (Gibco™)
c. 1% Anti-anti (Gibco™, 100X)
d. 1% P/S (Gibco™, v/v)
2. Mechanical tissue digestion:
a. Mechanically process the washed samples to achieve uniform
consistency.
b. Transfer the homogenized samples into the wells of a 24-well plate.
3. Enzymatic digestion:
a. Prepare a digestion mix composed of:
i. DMEM/F12 (Gibco™)
ii. 2% Liberase™ (ROCHE)
iii. 1% Anti-anti (Gibco™, 100X)
iv. 1% P/S (Gibco™, v/v)
V. 0.1% ROCK inhibitor (v/v)
b. Add an adequate volume of the digestion mix to completely cover
the tissue pieces in the 24-well plate.
4. Incubation:
a. Incubate the plate at 37°C for 1 hour, mixing the digestion solution
every 15 minutes.
b. Terminate the enzymatic reaction using the washing buffer.
5. Centrifugation: Transfer the mixture to a falcon tube and centrifuge at
1200 rpm for 5 minutes at 4°C.
6. Filtration and pellet resuspension:
a. Resuspend the resulting pellet in a fresh washing medium.

b. Filter the resuspended solution through a 100 um sieve.
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c. Centrifuge the filtered solution again at 1200 rpm for 5 minutes at
4°C.
e Hemolysis (if needed):
O Incubate pellet with hemolysis solution at 37°C for 3 minutes.
o Neutralize the enzymatic reaction using the washing buffer.
o Centrifuge at 1200 rpm for 5 minutes at 4°C.
7. Transfer to culture flask: Transfer the final pellet to a T25 flask containing
4 mL of culture medium composed of:
a. DMEM/F12 (Gibco™)
b. 10% FBS (v/v)
c. 1% P/S (Gibco™, v/v)
8. Incubation and culture maintenance:
a. Incubate the flask at 37°C for 48 hour.
b. Replace the culture medium every 48 hours.
c. Continue culturing the cells until they reach 85% confluence.
e Subculture:
O Once cells reach 85% confluence, detach them using Trypsin-EDTA
(0.025%) solution.
O Subculture the cells into new flasks, changing the culture medium

every two to three days.

The protocol is illustrated in Figure 11 and demonstrated in Figure 12.
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Figure 12: Visualization of the CAFs derivation protocol. After sample collection and tronsport: (1)
Somple handling, {2) Mecharical tissue digestion, (3) Enzymaotic digestion, (4) Incubation, (5)
Centrifugation, (&) Filtrotion and pellet resuspension, (7) Pellet transfer, {8) Incubation. CAFs
marphalogy can be abserved using a Zeiss Axio Qbserver
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4.3. Characterization of HGSOC-derived CAFs: omental vs.

primary tumor CAFs comparison

Following the derivation protocol, IF analysis was conducted to quantify the
expression of key target proteins (CD29, FAP, and a-SMA) in CAF populations
derived from both the primary tumor and the omentum. Microscopic images
illustrating the qualitative characteristics of both populations are shown in Figure
13. Positive expression of CD29 (integrin 1) was observed in both populations.
Additionally, both CAF populations exhibited positive expression of FAP, a type |l
integral serine protease. Lastly, a-SMA, a cytoplasmic microfilament protein, was
similarly expressed in both populations. The blue nuclei in both populations are

stained with Hoechst.

Notably, morphological differences between the two CAF populations were
identified. In bright-field microscopy images of omental CAFs, the cells displayed a
more rounded structure, in contrast to the spindle-shaped morphology observed

in CAFs derived from the primary tumor.

The characterization is demonstrated in Figure 13.
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Figure 13: Bright-field microscopy and IF comparison if HGSOC CAFs from primary tumor {left)
and ementum (right). o) Bright-field microscopy after 5 and 12 doys of incubotion. (b) IF analysis
for three biomarkers: CD29 (green), FAP (upper red), o-SMA (lower red), and Hoechst

counterstaining of nuclel (blue). Scole bar: 100 pm.
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4.4. Ki-67 proliferation analysis of OVCAR3 tumor cells, CAFs

and their co-culture

IF analysis was conducted to evaluate and quantify the expression of Ki-67, a
nuclear protein expressed during all phases of cell proliferation. This analysis was
performed on three different groups: OVCAR3 tumor cells, CAFs, and a co-culture

of CAFs and OVCARS3 tumor cells. The analysis is demonstrated in Figure 14.

In the OVCARS3 cell line, IF analysis revealed 70% Ki-67 positive cells. Staining for F-
actin, in red, was conducted to observe cell morphology, revealing a rounded

cellular shape, with nuclei stained blue by Hoechst

After 24 hours of culture, IF analysis was conducted on CAFs cultured alone and
CAFs co-cultured with OVCAR3 tumor cells to assess their Ki-67 expression. The
positive Ki-67 expression, displayed in the graph in Figure 14, was 5% for CAFs
alone and 6.5% for CAFs in co-culture. Additionally, Figure 14 illustrates the

morphological differences between CAFs and OVCAR3 tumor cells.

OVCARS
(a) DAFI (b} DAPI

i

184

£

KifiT+ cells (%)

= % & 3 B
Feet,+ cells (%)

-1

OV AR

VT ARY

PRIMARY CAFs CO-CULTURE OVCARI-CAFs
() DAR (=) DAP

F-stinkis
F-actsnksh7

Kib T+ cells (%)

CaFs  CaFs
[ e ]

Figure 14: Ki-67 Proliferation analysis. The figure illustrates the IF onalysis of three main graups
and their relative quantificotion: OVCARS, (a) Ki-67 (pink), (B) F-octin {red) and Hoechst
counterstaining af nuciel (bive); Primary CAFs, {c) Ki-67 (turguoise), F-actin {red) ond Hoechst
counterstaining af nuciel (Biue); OVCARI-CAFs co-cwiture, (2) Ki-67 (turquoise), F-actin {red) and
Hoechst caunterstaining of nuciei (Blue). Additionally, (d) Bright-field microscopy of co-culture of

HG50C CAFs and OVICARS, with DIL counterstaoining of nuclei (yeliow). Scale bar: 100 pum.
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5. DISCUSSION

OC remains the most lethal gynecologic malignancy, with HGSOC being the most
common and aggressive subtype, often diagnosed at advanced stages with
peritoneal dissemination 2. While patients initially respond to the combination of
platinum-based agents and taxanes, most relapse due to chemoresistance
contributing to over 90% of OC-related deaths 7°. A key factor in treatment
failure is intratumor heterogeneity, as genetic diversity within a single tumor
complicates therapeutic responses 2. Studies suggest that a single biopsy may
not fully capture a tumor’s complexity, emphasizing the need for more
comprehensive methods to assess intratumor heterogeneity 772, Additionally,
persistent genetic alterations and factors such as the ECM contribute to clonal
diversity and resistance, making it essential to better understand

chemoresistance mechanisms for advancing personalized medicine in OC 73,

Preclinical 2D and 3D models, such as cancer cell lines, PDXs, GEMMs and
spheroids, are critical tools for studying tumor behavior. However, they
frequently differ from the features of original malignancies 74. PDXs retain tumor
features in vivo but may lose heterogeneity and struggle to replicate human
immune responses 1228, GEMMs provide insights into tumor biology but lack the
complexity of human tumors 1>2°, While spheroids provide an environment
closer to that of an in vivo setting they struggle simulating the intricate structure
of tumors 3%31, PDOs present a more advanced model, closely mimicking the
genetic and phenotypic heterogeneity of original tumors, making them valuable

for studying tumor evolution and drug sensitivity 1937387375,

PDOs, as 3D in vitro reconstructions, provide a scalable and ethically favorable
platform for personalized medicine and drug development 2736, PDOs encounter
two key limitations: The absence of standardized protocols and the insufficient
representation of the TME. The former affects various aspects of research, the

sources and processing of cancer tissues, as well as the preparation of culture
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media, which adds unpredictability and makes cross-study reproducibility more
difficult #°. The latter is essential for accurately modeling tumor behavior and

treatment responses #>76,

CAFs are diverse and important components of the TME and ECM, significantly
influencing tumor progression >%>°377_ Using proteolytic and mechanical
mechanisms, CAFs actively alter cellular behavior to promote tumor proliferation
and metastasis. Co-culturing CAFs with tumor cells has shown potential, as
studies demonstrate that CAFs secrete growth factors, cytokines, and enzymes
while promoting angiogenesis and EMT, which reshape the ECM 78%0, By creating
physical barriers that prevent the delivery of drugs and the infiltration of immune
cells, they contribute to tumor chemoresistance . Enhancing PDO models to
better mimic the complex interactions within the TME, including CAF-driven ECM

remodeling, could improve the predictive value of these systems ©®.

In OC specifically, other challenges for PDOs include low incidence, tumor

heterogeneity, and difficulties in deriving PDOs from dense tumors *°.

To further advance the filed in OC, we have developed a standardized protocol
for the collection and preservation of OC tissues, necessary for maintaining the
integrity and reproducibility of the sample. Using this protocol, the biological
properties of the tissues are maintained and contamination is kept to a
minimum, which guarantees sterile conditions and uniform sample processing.
The addition of arterial blood samples for serum and plasma preservation
improves the comprehensiveness, facilitating studies that use both tissue and

blood-based biomarkers.

In this study, we successfully established a protocol for the derivation of CAFs
from HGSOC samples. The process involved mechanical and enzymatic tissue

digestion, followed by incubation and washing steps, yielding viable CAFs. The
successful isolation of CAFs underscores the effectiveness of this protocol and

suggests its potential for future standardization in CAF research. Additionally, we


https://www.zotero.org/google-docs/?broken=dMn51c
https://www.zotero.org/google-docs/?broken=4HsbZv
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successfully cultured HGSOC-derived CAFs in T25 flasks using a medium
consisting of DMEM/F12, 10% FBS, and 1% P/S. The cells exhibited slow adhesion
and proliferation rates, consistent with those reported in the literature 882,
Serum concentration is a critical factor in cell culture media, as FBS provides
essential growth factors and nutrients necessary for supporting cell proliferation
in vitro. Higher serum concentrations, such as 20%, are generally expected to
promote faster cell growth compared to lower concentrations like 10% 3. To
accelerate the proliferation rate of CAFs, a potential future step could be
increasing the FBS concentration from 10% to 20%. To validate this hypothesis,
further research should be conducted, including an update of the current
protocol to incorporate a 20% FBS medium, which may enhance proliferation

and overall cell culture outcomes.

To investigate the phenotype of HGSOC-derived CAFs, we utilized bright-field
microscopy to capture images on days 5 and 12 of culture from cells derived
from both the primary tumor and the omentum. In the CAFs derived from the
primary tumor, we observed large, flat, spindle-shaped cells with elongated
processes extending from the cell body and a flat, oval nucleus. This phenotype
aligns with the typical descriptions of CAFs found in the literature . In
contrast, CAFs derived from the omentum exhibited a more rounded cellular

structure with fewer and less pronounced processes.

The identification and characterization of these cells as CAFs were confirmed
through triple IF staining for CD29, FAP, and a-SMA, markers widely recognized
in the literature as specific to CAFs >362764_CD29, also known as integrin B1, is a
key surface protein involved in cell adhesion, signaling, and ECM interactions 2°.
FAP, a type Il integral serine protease expressed by activated fibroblasts &’. The
third marker, a-SMA, a cytoplasmic protein located in microfilament bundles, is
characteristic of myofibroblasts 8. These cells are crucial in fibrogenesis, utilizing

cytoskeletal proteins for contraction and producing substantial ECM proteins
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upon activation, contributing to the fibrotic response. All three marker

expressions were positive in both the primary tumor and omental CAFs.

Comparing the IF images of these three markers, it is evident that the CAFs
derived from the primary tumor exhibit an elongated spindle shape and nuclei,
while the CAFs from the omentum display a more rounded shape with fewer
cellular extensions. These characteristics are consistent with the ones observed

in bright-field microscopy.

Ki-67 is a well-established biomarker for cell proliferation and a useful indicator
of patient prognosis. It is expressed during the active phases of the cell cycle (G1,
S, G2, and M) and is absent in quiescent cells (GO phase) 81, In this study, we
used IF to evaluate the Ki-67 in three groups: the OVCAR3 cell line (a widely used
model for OC), CAFs cultured alone, and CAFs co-cultured with OVCARS3 cells.

OVCARS3, exhibited Ki-67 expression of 70%, consistent with findings reported in
the literature %93, In addition, tumor cell adherence and morphology were
analyzed using F-actin staining. F-actin is a major component of the cytoskeleton

involved in cell motility, shape maintenance, and transcription regulation %%,

In contrast, CAFs cultured alone exhibited a Ki-67 expression of around 5%, a
lower rate than reported in previous studies. This may be attributed to the low
cell density resulting from the short incubation period, as suggested by the
findings of M. Knops et al. In his study, it was demonstrated that CAFs with
higher cell density exhibited significantly increased Ki-67 expression, indicating

that cell proliferation is density-dependent ®.

We carried out a co-culture experiment to explore the complex cell-to-cell
interactions between CAFs and OVCAR3. Such interactions are known to play a
significant role in the TME, influencing both cancer progression and the behavior
of stromal cells. After 24 hours, Ki-67 expression in the CAFs from the co-culture
was 6.5%, which aligns with previous studies suggesting that the interaction

between tumor cells and CAFs stimulate CAF proliferation *’.
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Despite their slightly elevated Ki-67 expression, the CAFs proliferation in the co-
culture was lower than anticipated. Several factors could explain the modest
increase in Ki-67 in the co-culture. Our IF analysis was conducted after only 24
hours of co-culture. In previous works by J. Xu et al. and Hawsawi et al., CAFs
were cultured for a longer period of time before the proliferation analysis (48h
and 72h correspondingly), which provided them with more time to proliferate
and form adhesions °8°°, Additionally, as previously stated, FBS concentration

may also be a contributing factor and should be increased in future experiments.

Other limitations to this work are the small sample size used, limiting the
generalizability of the conclusions drawn, and the absence of ECM components
in the experimental setup, which are essential for modulating CAF behavior and

interactions with tumor cells.

Future works should prioritize the development of standardized protocols for the
culture and derivation of CAFs in OC, improve reproducibility as well as render
cross-study comparisons credible. Increasing sample sizes in future experiments
will provide more robust data and improve the generalizability of findings. In
addition, incorporating ECM components into experimental models is essential
for understanding their influence on tumor cell behavior, such as proliferation

and migration, which may reveal new therapeutic targets.

An interesting future direction could involve co-culturing CAFs with PDOs instead
of traditional cell lines to create more accurate tumor models. Current in vitro
methods, such as cell lines, may overestimate therapeutic efficacy. In contrast,
3D co-culture models of CAFs with PDOs offer more physiologically relevant
interactions, better reflecting the TME and improving the accuracy of therapeutic

evaluations.
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6. CONCLUSIONS

The derivation and culture of CAFs from high-grade serous ovarian carcinoma
samples resulted in viable cells, as confirmed by the immunofluorescence
analyses. The cells displayed expected morphologies and expressed key markers,
including CD29, FAP, and a-SMA. These findings indicate that, with further
validation, the proposed protocol could become a reliable standardized method
for the derivation of CAFs. A standardized approach would be beneficial for
ensuring consistent results and advancing research on the role of CAFs in ovarian

cancer.

Furthermore, the co-culture of CAFs with OVCAR3 tumor cells showed a slight
increase in the expression of CAFs Ki-67 positive cells compared to CAFs cultured
alone, suggesting a pro-proliferative interaction between the tumor cells and
CAFs. This highlights the importance of CAF-tumor interactions in cancer
progression and the potential for developing therapeutic approaches that target
these interactions. Hence, focusing on the tumor microenvironment, and
particularly on the role of CAFs, could lead to better models for studying ovarian

cancer and improving treatment strategies.
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