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Abstract

Introduction: Globally, ovarian cancer is the third most common gynecologic cancer after
cervical and uterine cancer and is associated with the worst prognosis and the highest mortality
rate. Approximately 313,959 individuals were diagnosed and 207,252 died of the disease in 2020
around the world. High-grade serous ovarian cancer (HGSC) is the most common histological
subtype that is usually diagnosed at advanced stages and accounts for a high number of mortalities.
While most patients initially respond to front-line platinum-based chemotherapy, over time, almost
all recur despite therapy and develop resistance to platinum agents. These patients may benefit
from different initial therapies or combination therapies such as PARP inhibitors (PARPis). The
development of preclinical models to assess therapeutic responses would enable individualized
therapy for patients. High-throughput 3D culture in which cells are maintained in suspension
which stimulates formation of a 3D structure has been found to be a faithful preclinical model of
ovarian cancer. We hypothesize that compared to 2D culture environments, in which cells are
grown on flat surfaces, 3D culture models would more closely represent the in-vivo environment
and may provide a more accurate representation of response to various therapies. PEO1, PEO4
and PEOG are cell lines of epithelial origin derived from a single patient with HGSC collected at
different stages of disease from initial diagnosis to death, thus illustrating disease progression. The
aim of this project was to compare the behavior of PEO1, PEO4 and PEO6 with respect to
morphology, viability, metabolic activity, and drug response in 2D culture as compared to 3D

culture.

Methods: PEO1, PEO4 and PEOG6 cells were grown in flat-bottom cell culture plates (i.e., in 2D
culture) and in ultra-low attachment round-bottom plates (i.e., in 3D culture). Live/Dead,

apoptosis, proliferation, and ATP quantitation assays were performed in both culture settings and



characterized using microscope imaging, cytometry, and spectrophotometry methods. The cell
lines were exposed to therapeutic agents used in HGSC: carboplatin (25 uM to 200 uM), paclitaxel

(1.25 uM to 10 uM), and the PARP inhibitor, niraparib (2 uM to 16 uM).

Results: In flat-bottom plates, PEO1 and PEO4 cells form a 2D cellular adherent layer whereas
PEOG cells, in addition to having an adherent component, over time naturally form 3D floating
structures. In contrast, when grown in ultra-low attachment plates, all cell lines formed a 3D
structure with different compaction levels. In 2D culture, the three cell lines proliferate with only
few apoptotic cells scattered randomly on the bottom of the plates. Conversely, in 3D culture, all
cell lines mimicked poorly vascularized tumors by forming a multilayered spheroidal structure
with an outer layer of live cells (i.e., active cell proliferation) and an inner core of apoptotic cells
(i.e., dead). Furthermore, a pronounced differential capacity of the cells to produce ATP was
observed in 3D culture while the ATP production in 2D culture was of similar magnitude. In flat-
and ultra-low attachment plates, response of the cell lines to carboplatin, paclitaxel and niraparib
followed a similar trend. However, lower sensitivity to the drugs was observed in the 3D model as
compared to in the 2D model. The reduced drug sensitivity displayed by cells in the ultra-low

attachment plates may be more reflective of the magnitude of the in-vivo drug response.

Conclusions: The 3D culture environment provides a level of complexity absent in 2D culture
making it more reflective of the in-vivo cellular tumor behavior central to prediction of in-vivo

therapeutic responses.



Résumé

Introduction: Au niveau mondial, le cancer de 'ovaire est le troisiéme cancer gynécologique le
plus fréquent, apres le cancer du col de I'utérus et de 1'utérus, et il est associé au pire pronostic et
au taux de mortalité le plus élevé. Environ 313 959 personnes ont été diagnostiquées et 207 252
sont décédées de la maladie en 2020 dans le monde. Le cancer de 1'ovaire séreux de haut grade
(HGSC) est le sous-type histologique le plus courant. Si la plupart des patients répondent
initialement a une chimiothérapie de premicre intention a base de platine, au fil du temps, la quasi-
totalité d'entre eux récidivent malgré le traitement et développent une résistance aux agents de
platine. Ces patients peuvent bénéficier de thérapies initiales différentes ou de thérapies combinées
telles que les inhibiteurs de PARP. Le développement de modeles précliniques pour évaluer les
réponses thérapeutiques permettrait d'individualiser les traitements. La culture 3D dans laquelle
les cellules sont maintenues en suspension, ce qui stimule la formation d'une structure 3D, s'est
avérée étre un modele préclinique fidele du cancer de l'ovaire. Nous émettons I'hypothése que, par
rapport a la culture 2D, les modeles de culture 3D représenteraient plus fidélement I'environnement
in-vivo et pourraient fournir une représentation plus précise de la réponse a diverses thérapies.
PEOI, PEO4 et PEOG sont des lignées cellulaires d'origine épithéliale dérivées d'une seule patiente
atteinte de HGSC et prélevées a différents stades de la maladie, du diagnostic initial au déces,
illustrant ainsi la progression de la maladie. L'objectif de ce projet était de comparer le
comportement des cellules PEO1, PEO4 et PEO6 en ce qui concerne la morphologie, la viabilité,

l'activité métabolique et la réponse aux médicaments en culture 2D par rapport a la culture 3D.

Méthodes: Les cellules PEO1, PEO4 et PEO6 ont ¢été cultivées dans des plaques de culture
cellulaire a fond plat (en culture 2D) et dans des plaques a fond rond a fixation ultra-faible (en

culture 3D). Des essais de Mort/Vivant, d'apoptose, de prolifération et de quantification de I'ATP



ont été réalisés dans les deux contextes de culture. Les lignées cellulaires ont été exposées a des
agents thérapeutiques utilisés pour le HGSC: carboplatine (25 uM a 200 uM), paclitaxel (1,25 uM

a 10 uM) et l'inhibiteur PARP, niraparib (2 uM a 16 uM).

Résultats: Dans les plaques a fond plat, les cellules PEO1 et PEO4 forment une couche cellulaire
adhérente en 2D, tandis que les cellules PEOG6, en plus d'avoir une composante adhérente, forment
naturellement au fil du temps des structures flottantes en 3D. En revanche, lorsqu'elles sont
cultivées sur des plaques a fixation ultra-faible, toutes les lignées cellulaires forment une structure
3D avec différents niveaux de compaction. En culture 2D, les trois lignées cellulaires proliférent
avec seulement quelques cellules apoptotiques dispersées au hasard sur le fond des plaques. En
culture 3D, toutes les lignées cellulaires imitent les tumeurs mal vascularisées en formant une
structure sphéroidale multicouche avec une couche externe de cellules vivantes (c'est-a-dire avec
une prolifération cellulaire active) et un noyau interne de cellules apoptotiques (c'est-a-dire
mortes). Une capacité différentielle prononcée des cellules a produire de I'ATP a été observée en
culture 3D, alors que la production d'ATP en culture 2D était d'une ampleur similaire. Dans les
plaques a fixation plate et ultra-faible, la réponse des lignées cellulaires au carboplatine, au
paclitaxel et au niraparib a suivi une tendance similaire. Toutefois, une sensibilité moindre aux

médicaments a été observée dans le modele 3D par rapport au modele 2D.

Conclusions: L'environnement de culture en 3D offre un niveau de complexité absent dans la
culture en 2D, ce qui permet de mieux refléter le comportement cellulaire in-vivo de la tumeur,

essentiel a la prédiction des réponses thérapeutiques in-vivo.
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1.1 Ovarian Cancer
1.1.1 Epidemiology

Globally, ovarian cancer is the third most common gynecologic cancer after cervical and
uterine cancer and is associated with the worst prognosis and the highest mortality rate among all
gynecological cancers'*. Approximately 313,959 individuals were diagnosed and 207,252 died of
the disease in 2020 worldwide’. In the United States, ovarian cancer accounts for 2.5% of all
malignancies among women, but for more deaths than any other cancer of the female reproductive
system® 7; the lifetime risk of developing ovarian cancer is approximately 1.1%°®. The high
mortality rate results from lack of specific symptoms and lack of screening tools that results in
70% of ovarian cancer being diagnosed at advanced stages' > °. As a result, less than one-half of
patients survive for more than five years after diagnosis' ® !°. In Canada, approximately 45% of
patients diagnosed with ovarian cancer will survive for at least 5 years'!. Age-adjusted rates for
new ovarian cancer cases have decreased on average by 3.2% each year between 2010 and 20198,
Several factors may have contributed to this favorable trend, including the declining smoking
prevalence, and increasing use of oral contraceptives, which may have a protective effect for

ovarian cancer' >4,

1.1.2 Classification

Ovarian cancer is not a homogeneous disease but rather a group of diseases each with
different morphology and biological behavior'® and is classified based on the cells from which it
initiates'®. The common cell types are epithelial cells (which account for around 90% of malignant
tumors), germ cells, and stromal cells'é. Based on histopathology, immunohistochemistry, and

molecular genetic analysis, there are at least five main types of ovarian cancer of epithelial origin:
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high-grade serous carcinoma (HGSC) which accounts for 70% of cases, endometrioid carcinoma
(EC) which accounts for 10% of cases, clear-cell carcinoma of the ovary (CCC) which accounts
for 10% of cases, low-grade serous carcinoma (LGSC) which accounts for less than 5% of cases,
and mucinous carcinoma (MC) which accounts for 3% of cases (Fig.1.1)'> 7. Epithelial ovarian
cancer can be further classified as type I and type II based on clinicopathologic factors'S. Type I
ovarian cancer includes LGSC, CCC, EC and MC whereas type Il ovarian cancer consists of
HGSC!®. Type II is the most common histological subtype and is usually diagnosed at advanced

stages and accounts for a high number of mortalities': '®,

?Retrograde Menstruation

Fallopian Tube Fallopian Tube

?
Epithelium ?Unknown

Origin Epithelium Endometriosis Endometriosis

.

High-Grade Serous |Clear Cell Endometrioid Low-Grade Serous |Mucinous
Carcinoma Carcinoma Carcinoma Carcinoma Carcinoma

% of all Ovarian ~70% ~10% ~10% <5% <5%

Carcinomas

Precursor Lesions Serous tubal Clear Cell Borderline | Endometrioid Serous Borderline Mucinous
intraepithelial Tumor Borderline Tumor Tumor Borderline Tumor
carcinoma (STIC)

Figure 1.1. Five major types of epithelial ovarian cancer. Other rare subtypes not listed include
carcinosarcoma (Malignant Mixed Mullerian Tumour, MMMT), undifferentiated carcinoma and

malignant Brenner tumour. Adapted from BC Cancer'’.
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1.1.3 Staging

The International Federation of Gynecology and Obstetrics (FIGO) staging of ovarian
cancer is based on surgical assessment of the cancer at initial diagnosis which may include
hysterectomy, bilateral salpingo-oophorecotmy, omentectomy, removal of lymph nodes, biopsies
and resection of other tumor sites, and collection of ascites fluid?°. Staging allows one to describe
the extent of tumor spread and to define groups of patients with similar prognoses®'. The FIGO
classification is divided into stages I, II, III and IV, and is further sub-divided into stages 1A, IB,

IC, IC1, IC2, IC3, IIA, 1IB, 1ITIA1, IITA2, IIIB, IIIC, IVA and IVB cancers.

Stage I ovarian cancer is relatively rare and is associated with excellent survival rates??. In
stage IA, the tumor is limited to one ovary or fallopian tube (Fig.1.2A, yellow) while in stage IB,
the tumor is limited to both ovaries or fallopian tubes (Fig.1.2A, blue). Stage IC1 indicates
intraoperative spill when tumor cells are exposed into the sterile surgical field when otherwise no
tumor cells are outside the affected organ site (Fig.1.2B)*> 2. Stage IC2 indicates preoperative
rupture of the tissue around the tumor or the tumor being present on the ovarian or fallopian tube
surface. In stage IC3, malignant cells are found in peritoneal washings or in ascites, which refers

to the accumulation of fluid in the abdomen (Fig.1.2C)** .
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Figure 1.2. Stage I epithelial ovarian cancer. A) In stage 1A, the tumor is limited to one ovary
or fallopian tube (yellow) while in stage IB, the tumor is limited to both ovaries or fallopian tubes
(blue). B) In Stage IC1, intraoperative spillage is noted. In stage IC2, preoperative rupture of the
tumor or the tumor being present on the ovarian or fallopian tube surface is identified. C) In stage

IC3, malignant cells are found in ascites or peritoneal washings. Adapted from Javadi et al*?.

In stage IIA, the tumor involves one or both ovaries or fallopian tubes extends to and/or is
implanted on the uterus and/or the fallopian tubes (Fig.1.3)*2. If it extends to other pelvic
intraperitoneal tissues (below the pelvic rim), it is considered to be stage IIB. This group makes

up less than 10% of tumors and is considered curable®?.

Figure 1.3. Stage II epithelial ovarian cancer. A) In stage IIA, the tumor involves one or both
ovaries or fallopian tubes. In stage IIB, it extends to and/or is implanted on the uterus and/or the

fallopian tubes. Adapted from Javadi et al*.

The majority of ovarian cancers present as stage 111 with 84% as stage I1IC?2. In stage III,
the tumor involves one or both ovaries with spread to the peritoneum outside the pelvis and/or
metastasis to the retroperitoneal lymph nodes. In stage IIIA1, there are positive retroperitoneal

lymph nodes (Fig.1.4A). In stage IIIA2, microscopic, extrapelvic (above the pelvic rim) peritoneal
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involvement is seen with or without positive retroperitoneal lymph nodes (Fig.1.4B). In stage I11IB
or stage IIIC, macroscopic, extrapelvic (above the pelvic rim) peritoneal involvement is seen with
or without positive retroperitoneal lymph nodes (Fig.1.4C). If the size of peritoneal metastases is
2 cm or smaller, it is classified as stage I1IB whereas if it is larger than 2 cm, it is considered stage

Ic,

Lastly, 12% to 21% of patients with ovarian cancer present distant metastatic disease, classified as
stage IV22. In stage IVA, pleural effusion with positive cytology is present (Fig.1.5). In stage IVB
cancer, hepatic and/or splenic parenchymal metastasis is seen as well as metastasis to extra-

abdominal organs (Fig.1.5)*%.

A) B)

Microscopic f/ g -7\\.‘

\'— —-/ Pelvic rim

C)
Macroscopic /
>y pewierm
/ [ {-
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Figure 1.4. Stage III epithelial ovarian cancer. A) Stage IIIA1, the cancer shows positive
retroperitoneal lymph nodes. B) Stage IIIA2, microscopic, extrapelvic (above the pelvic rim)
peritoneal involvement is seen with or without positive retroperitoneal lymph nodes. C) When
macroscopic, extrapelvic (above the pelvic rim) peritoneal involvement is seen with or without
positive retroperitoneal lymph nodes, it is considered stage I1IB if the size of peritoneal metastases

is 2 cm or smaller and stage I1IC if it is larger than 2 cm. Adapted from Javadi et al*.

Figure 1.5. Stage IV epithelial ovarian cancer. In stage IVA, pleural effusion with positive
cytology is present while in stage IVB, hepatic and/or splenic parenchymal metastasis is seen as

well as metastasis to extra-abdominal organs. Adapted from Javadi et al *2.

1.1.4 Pathogenesis

There are three main theories postulated to explain the development of ovarian cancer: the
gonadotropin theory, the continuous ovulation theory, and the theory involving the fallopian tube
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as the origin of cells®; the most accepted origin for HGSC. The gonadotropin theory refers to the
idea that the release of gonadotropins from the anterior pituitary activates hormonal receptors
leading to the over-induction of the ovarian surface epithelium and stimulates healthy ovaries to
secrete androgen and progesterone resulting in increased ovarian epithelium proliferation, and
thus, development of malignancy?. In the continuous ovulation theory, constant ovulation results
in accumulated damage to ovarian surface epithelium cells and increased induction of pro-
inflammatory agents such as interleukin-8, monocyte chemotactic protein-1 (MCP-1), also known
as CCL2, and RANTES (regulated on activation, normally T-cell expressed and secreted), also

known as CCL5, which promote inflammation and consequently malignant transformation®.

The third theory, which is the most widely accepted for HGSC, states that the cells of origin
are actually from the fallopian tube epithelium and later on colonize the ovaries®. In the fallopian
tube, secretory cell outgrowth (SCOUTs), an extended area of secretory cells, are thought to be the
initial precursor lesion for HGSC?®. SCOUTSs then develop tumor protein p53 (p53) mutations
which is referred to as “the p53 signature” (Fig.1.6) which then lead to serous tubal intraepithelial
carcinoma (STIC) lesions, the immediate precursor of HGSC. P53 mutant cells activate tumor
associated macrophages (TAMs) within STIC lesions leading them to secrete transforming growth
factor-p (TGF-B). TGF-f then contributes to tumor progression. Reactive oxygen species (ROS),
interleukin 8 (IL-8) and insulin-like growth factor (IGF) released during ovulation, are also thought
to cause increased DNA damage leading to increased proliferation of STIC and development into

HGSC?,

There are pathologic and clinical evidence to support the idea that STIC lesions progress
to HGSC arising from the secretory cells of the fallopian tube 2°. STIC lesions share the same

morphological features as HGSC?. The lesions present continuous non-ciliated tubal epithelial
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cells with nuclear enlargement, loss of cellular polarity, mitotic figures and p53 mutations identical
to those found in HGSC. Approximately 40% of HGSC are accompanied by these types of
lesions?®. Patients with a BReast CAncer gene 1 (BRCAI) or BReast CAncer gene 2 (BRCA2)
mutation are often advised to consider prophylactic bilateral salpingo-oophorectomy (prophylactic
oophorectomy), in which the ovaries and fallopian tubes are removed, after age 35 or after
childbearing is complete?” 2. This procedure reduces the risk of ovarian cancer substantially in
these patients and reduces the risk of breast cancer if performed prior to menopause due to
decreased circulating estrogen 27-2%3% A study estimating the likelihood of occult cancer diagnosis
at prophylactic oophorectomy in 159 BRCAI or BRCA? carriers has identified the fallopian tube
as a source of early serous carcinoma?®’-3!, It was found that approximately 6% of BRCAI carriers
and 2% of BRCA2 carriers undergoing prophylactic salpingo-oophorectomy have occult
carcinomas and a significant proportion of these appeared to originate in the fallopian tube?’. A
study exploring the relationship of tubal intraepithelial carcinoma (TIC) to pelvic serous
carcinomas found that overall, 71% and 48% of ovarian serous carcinomas had endosalpinx
involvement or TIC, respectively®'. TIC has been found to coexist with all forms of pelvic serous

carcinoma and to be a plausible origin for many of these tumors.
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Figure 1.6. Development of ovarian cancer from the secretory cells of the fallopian tube. The
involvement of SCOUTs, p53 signature and STIC lesions in the development of HGSC. Adapted

from Ritch et al*°.

1.1.5 DNA Repair and the BRCA1/2 Genes in Ovarian Cancer

DNA damage repair is essential to eliminate mutations that could result in cell death or
abnormal cell function such as uncontrollable growth®2. One of the most significant alterations to
DNA can occur through a double strand break (DSB) and if left unrepaired, it is lethal to a cell.
Non-homologous end joining (NHEJ) and homologous recombination DNA repair (HRR) are the
two main repair mechanisms. NHEJ is the simplest and fastest and the predominant DSB repair

mechanism in most mammalian cells 3334,
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During NHEJ, the protein complex, the Ku70/80 heterodimer, binds to both ends of the
broken DNA molecule®>. The DNA-Ku scaffold attracts the DNA-dependent protein kinase
catalytic subunit (DNA-PKCS) to the DSB. This kinase leads to the formation of a synaptic
complex which brings both DNA ends together. Once the two DNA ends have been tethered in a
protein complex consisting of Ku and DNA-PKCS, non-ligatable DNA termini must be processed
before final repair of the DSB can take place. The ligase [V/XRCC4 complex catalyses ligation of
the processed DNA ends and this ligation reaction may be enhanced by the presence of the recently
discovered XLF/Cernunnos protein. During HRR, sister chromatids are used as a template for
repairing double-stranded DNA breaks and interstrand crosslinks*®. HRR pathways also support
the recovery of stalled replication forks during DNA replication. Successful HRR depends on

several properly functioning key proteins, such as the BRCA1 and BRCAZ2 proteins.

BRCAI1 is a tumor suppressor protein central to several macromolecular complexes which
drive HRR*. After DNA is resected by the MRN protein complex (MRE11-RAD50-NBS1 protein
complex) and the CtBP-interacting protein (CtIP), BRCAI1 reaches sites of double-stranded DNA
breaks to participate in DNA damage signaling and coordinate DNA damage repair (Fig.1.7A)*"
38, During the DNA synthesis phase of the normal cell cycle progression, if DNA is damaged, the
BRCAT1 protein complexes recruit BRCA2 protein complexes to initiate strand invasion and/or
homology-directed repair (Fig.1.7B)*. BRCAL is thus thought to be part of a larger complex
molecule that plays a role in DNA surveillance for DSB damage while BRCA2 likely has a more

direct role in repair by assisting protein complexes in attaching to the repair site*.

Mutations inherited from parents are known as germline mutations while those acquired
and identified in the tumor are referred to as somatic mutations’®. BRCAI is located on

chromosome 17q21 and BRCA2 on 13q12.3** *!. Germline mutations in BRCA1/2 are highly
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penetrant mutations which are found in 13% to 15% of ovarian cancers, leading to germline
genetic testing being universally recommended for all women with non-mucinous epithelial
ovarian cancer***. Patients with germline mutations in BRCAI and/or BRCA2 have an increased
risk of developing breast or ovarian cancer’>. BRCAI germline mutations are approximately four

times more common in ovarian cancer patients than BRCA2 mutations™®.

BRCAI- and BRCA2-associated hereditary breast and ovarian cancer is inherited in
an autosomal dominant manner*®. The diagnosis of BRCAI- and BRCA2-associated hereditary
breast and ovarian cancer is established by performing molecular genetic testing for potential
identification of a heterozygous germline pathogenic variant in BRCAI or BRCA2. Once a cancer-
predisposing BRCA 1 or BRCA2 germline variant has been identified, prenatal
and preimplantation genetic testing can be performed if desired. Somatic BRCA 1/2 mutations are
found in an additional 5% to 7% of ovarian cancers and have been found to be early events in
carcinogenesis** 4> ¥, Somatic BRCA1/2 mutations have been associated with similar clinical

outcomes compared with germline BRCAI/2 mutations* %

. It has been suggested that a
reasonable approach would be to conduct targeted germline and/or tumor BRCAI/2 mutation
testing, and use homologous recombination deficiency assays to guide treatment in patients who
are subsequently found to be BRCA1/2 wild type*. Since early knowledge of BRCA1/2 mutation
and homologous recombination deficiency status is crucial to select an appropriate management

plan for patients with advanced ovarian cancer, it has been suggested that such testing should be

performed as soon as possible after the diagnosis is made.
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Figure 1.7. Homologous recombination DNA repair. A) MRN and CtIP resecting DNA.
B) BRCAL protein complexes recruit BRCA2 protein complexes to initiate strand invasion and/or

homology-directed repair forming the HRR repair complex. Adapted from Creeden et al’®.

1.1.6 Clinical Approach

1.1.6.1 Symptoms

Symptoms of ovarian cancer are non-specific and are often mistaken for normal changes
associated with ageing, menopause, and gastrointestinal disease such as bloating, nausea, changes
in bowel habits, increase in abdominal girth, among others®’. Consequently, there is often a delay
in referrals and diagnosis, with 50% of patients not being referred directly to gynaecological cancer
clinics and diagnosis frequently occurring when the cancer has reached late stages®®>% 3!, This is
due to both patients and general practitioners failing to recognise the presenting symptoms of
ovarian cancer’”>!. In a study aiming to identify symptoms of and diagnostic factors for ovarian
cancer, persistent abdominal distension, postmenopausal bleeding, appetite loss and early satiety
have been found to be associated with ovarian cancer while fluctuating distension has not been

found to be associated with ovarian cancer>°.
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1.1.6.2 Protective and Risk Factors

Factors that can decrease the total number of ovulatory cycles such as pregnancy and
breastfeeding, late menarche and early menopause reduce the risk for ovarian cancer®>>*. The use
of oral contraceptives has also been found to be a protective factor for ovarian cancer and the
widespread use of it during recent decades has been postulated to be one of the reasons for the
decreasing incidence of ovarian cancer>*>*. Use of oral contraceptives in the general population is
associated with approximately 50% risk reduction in ovarian cancer’™>. In a multicenter case—
control study, the use of oral contraceptives was associated with a reduction in the risk of ovarian
cancer of 20% for up to three years of use and 60% for six or more years of use among women
with a mutation in the BRCAI or BRCA2 gene®. The relationship between oral contraceptives use

and mucinous ovarian cancer is unclear>>.

Ovarian cancer risk increases with aging and peaks between the ages of 50 and 80 years
old>* >3, Non-reproductive factors which can influence the risk of ovarian cancer include alcohol,
caffeine, smoking and body size (height or body mass index)" > ¢!, A family history of breast or
ovarian cancer is a strong risk factor for ovarian cancer® 2> >*, Familial risk is associated with
mutations in BRCAI or BRCAZ2, which confers a 59% and 16.5% risk of developing ovarian
cancer by the age of 70 respectively in the Epidemiological Study of BRCA1 and BRCA2 mutation

carriers (EMBRACE) in the UK® 2% 3,

1.1.6.3 Initial Clinical Evaluation

Determining the history of the presenting symptoms and assessing risk factors including

personal and family history of gynecologic and other cancers are important components of the
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initial evaluation'®?°. A complete physical examination including abdominal examination, pelvic
examination and a rectovaginal examination with the bladder empty is important to evaluate for
pelvic and abdominal masses, ascites (i.e., fluid shift), and omental masses may be palpable %2,
It should be noted that physical examination has limited accuracy, especially in obese patients.
Auscultation of the lungs may reveal decreased air entry suggestive of pleural effusion in advanced

disease. Examination of the lower extremities may reveal edema indicative of third-spacing and/or

suspicion of deep vein thrombosis with swelling, erythema, and pain.

1.1.6.4 Imaging and Biopsy

Patients with suspected ovarian cancer based on clinical presentation or with a pelvic mass
should undergo transvaginal ultrasonography, which can assess ovarian architecture and
vascularity, differentiate cystic from solid masses, and detect ascites!®. It can also provide
information on the size, location, and level of complexity of the ovarian mass which can help
clinicians to determine the level of suspicion for cancer®’. Although ultrasound is useful in the
initial workup, further imaging is often needed. The sensitivity of Doppler ultrasound in the
detection of peritoneal metastases is low at 69%, compared with 95% for magnetic resonance
imaging (MRI) and 92% for computerized tomography (CT) in patients with stages III and IV

cancer 2> %2, Ultrasound is also limited by the operator experience?* %,

CT is the recommended imaging modality for staging ovarian cancer >* ¢4

as it provides
information on the size of the primary tumor, size and location of any peritoneal implants and

lymph nodes which is useful to determine resectability (Fig.1.8 and 1.9A)*> %, Also, CT is used

frequently to detect persistent or recurrent ovarian carcinoma and to monitor tumor response to
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therapy 2> ®. However, CT is limited in detecting small peritoneal metastases®> > 7. It can depict
tumor implants larger than 1 cm with sensitivity of 85% to 93% and specificity of 91% to 96%,
but the sensitivity decreases to 25% to 50% in detecting implants that are 1 cm or smaller. CT is
particularly useful in patients with large amounts of ascites, which is often encountered in
advanced ovarian cancer (Fig.1.9B)*. CT has also been used to predict the outcome of primary
cytoreductive surgery of advanced ovarian cancer®> %% %% It is crucial to determine which patients
will benefit from surgery to minimize the number of patients undergoing unnecessary surgery. In
one study, peritoneal thickening, peritoneal implants (2 cm or larger), bowel mesentery
involvement (2 cm or larger), suprarenal paraaortic lymph nodes (I cm or larger), omental
extension (spleen, stomach, or lesser sac), pelvic sidewall involvement, and enlargement of the
ureter due to a backup of urine were most strongly associated with poor surgical outcome

(Fig.1.10).

Figure 1.8. 54-year-old woman with stage I1A high-grade serous ovarian carcinoma. The axial
CT image shows bilateral ovarian cystic and solid masses (arrows). Histology evaluation showed

that the tumors were involved with the fallopian tubes. Adapted from Javadi et al*.
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Figure 1.9. 71-year-old woman with stage IIIC ovarian cancer. A) The axial CT image shows
enlarged retroperitoneal lymph node (arrowhead) and malignant ascites (arrow). B) The axial CT
image shows metastatic ovarian cancer in pelvis and malignant ascites (arrows). Adapted from

Javadi et al*?.
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Figure 1.10. 67-year-old woman with stage IVB high-grade serous carcinoma of ovary. The
axial CT image shows left malignant pleural effusion (arrow) and omental caking (i.e., a thickened
greater omentum) anterior to the spleen (arrowhead) consistent with omental metastases. Adapted

from Javadi et al*>.

MRI provides excellent tissue differentiation and can be used for characterization of
indeterminate lesions seen on CT or ultrasound®> 7% 7!, Lesions containing fat or blood products
can be easily differentiated using MRI. MRI has staging accuracy like conventional CT?* 72 It can
accurately identify invasion of pelvic organs due to its superior soft-tissue contrast resolution. In
patients who are being considered for cytoreductive surgery, preoperative imaging of the abdomen
and pelvis plays an important role in determining the extent of peritoneal disease?* 7. In a study,
for predicting resectability, MRI had sensitivity of 95%, specificity of 70%, and accuracy of 88%
compared with 55%, 86%, and 63%, respectively, for CT. However, some studies suggest that
there is no statistically significant difference between CT and MRI for the depiction of recurrent

ovarian cancer?> 74,

Positron emission tomography/Computerized tomography is limited in characterizing

ovarian masses but is particularly helpful in detecting recurrent disease®* 7>8!

. In summary,
clinically, ultrasound, and CT are most commonly used for initial diagnosis whereas MRI and
positron emission tomography are used for detection of recurrence. Although imaging plays a
significant role in diagnosing ovarian cancer, to confirm a diagnosis, a tissue biopsy must be

performed?® 2% 82,
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1.1.6.5 Serum Biomarkers

The tumour biomarker CA125 has been used as the primary biomarker for ovarian cancer®>

8 It was first identified by Bast, Knapp, and colleagues in 1981 in their work to develop a
monoclonal antibody (OC125) against this antigen®* 85, CA125 contains two major antigenic
domains, A and B, which bind the monoclonal antibodies OC125 and M11, respectively®*. CA125
is a high molecular weight glycoprotein found in healthy ovaries, but blood levels commonly
increase in patients with ovarian cancer®. Serum levels of CA125 are often used to monitor
response to chemotherapy, relapse, and disease progression in ovarian cancer patients®. However,
it is not as reliable when used as a diagnostic tool as there are many benign processes that can
cause an elevated CA125 level, both gynecological (e.g., menstruation, fibroids, endometriosis)

and non-gynecological (e.g., inflammatory bowel disease, congestive heart failure, liver failure)3¢.

There is an inverse relationship between serum CA125 levels and survival in ovarian cancer®®.
Decreasing levels generally indicate a positive response to therapy, while increasing levels indicate
tumor recurrence and poor overall survival. CA125 levels less than 35 units per milliliter are
considered “normal”®. Levels are more frequently elevated in advanced disease and in some tumor

types than others®®. Elevated CA125 levels were found in more than 90% of patients with advanced

stage ovarian cancer and in only 50% of patients with stage I disease®*.

Numerous studies have confirmed the usefulness of CA125 levels in monitoring the
patients with a history of ovarian cancer with a rise in CA125 levels found to precede clinically
detectable recurrence by approximately three to four months®. Even though CA125 has been the
most promising biomarker for screening ovarian cancer, it does not have an acceptable accuracy
in population-based screening for ovarian cancer and a few prospective studies indicated the

inadequate sensitivity of CA125 in the setting of ovarian cancer screening in asymptomatic

36



populations®> #. A study assessing the efficacy of annual CA125 and transvaginal ultrasound
(TVUS) scan as surveillance for ovarian cancer found that ovarian screening by annual TVUS and
CA125 is inefficient at detecting early-stage ovarian cancer in both high-risk and population risk
women®’. Another study found that while many individuals with BRCAI or BRCA?2 pathogenic
variants undergo TVUS and CA125 surveillance testing, abnormal surveillance testing led to
diagnosis of ovarian cancer in only a limited number of cases®®. As such, the use of CA125 and
ultrasound surveillance in the clinical setting for ovarian cancer detection in women
with BRCAI or BRCA2 pathogenic variants is limited.

Human epididymis protein 4 (HE4) is a new biomarker which is being evaluated for
diagnosing ovarian malignant tumors - %°, It is weakly expressed in the epithelium tissues of

90, 91

respiratory and reproductive organs . However, it is overexpressed in ovarian tumors,

especially in endometrioid ovarian cancer. Data have shown that HE4 might be more reliable than
CA125 for diagnosing ovarian epithelial cancer % 924,

HE4 and CA125 have levels that vary in different patient populations, and thus, the
combination of HE4 and CA125 could have multiple advantages®. For example, HE4 values vary
in smokers and contraceptive users, while CA125 values are less affected in these patient
populations #* %3, Unlike CA125, HE4 levels are not significantly changed in endometrioma. HE4
levels increase with age, and thus, postmenopausal patients tend to have higher HE4 levels. 33 %
%, CA125, in contrast, exhibits higher levels in premenopausal patients with benign conditions.

Such difference between HE4 and CA125 expression patterns may account for the superior

performance of HE4 in premenopausal patients and that of CA125 in postmenopausal patients.
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1.1.7 Treatments

Surgery in combination with carboplatin and paclitaxel is the standard of care for patients
with newly diagnosed ovarian cancer. Newer or experimental strategies to improve both up-front
and second-line or later treatment include the addition of biologic agents to chemotherapy and the
use of combination strategies that employ anti-vascular agents, PARP inhibitors (PARPis), and

immunotherapies, and the use of new agents such as antibody-drug conjugates”” 8.

1.1.7.1 Surgery

The extent of surgery is determined by the stage of cancer and patient factors?’. For example,
patients with more-advanced cancer might undergo bilateral oophorectomy where both ovaries are
removed while young patients with stage I disease who wish to preserve fertility might undergo
unilateral oophorectomy of the affected ovary only or unilateral salpingo-oophorectomy where

only one ovary and fallopian tube are removed'® .

Cytoreductive (i.e., debulking) surgery is the basis of treatment of ovarian cancer and residual
disease at the end of surgery is one of the most important prognostic factors??>. The volume of
residual disease after cytoreductive surgery is inversely proportional with survival®?,
Cytoreductive surgery is considered complete if no residual disease is visible, optimal if there is
less than 1 cm 1n maximum diameter of residual cancer, and suboptimal if there is more than or
equal to 1 cm in size of residual cancer’® ??. Patients with complete cytoreductive surgery have

significant improvements in outcomes compared with patients with remaining postoperative

visible disease?”.
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Currently, established guidelines recommend primary cytoreduction surgery followed by
postoperative (adjuvant) chemotherapy with carboplatin and paclitaxel (Fig.1.11)*> ' In a
pharmacokinetic analysis of the combination of cisplatin and paclitaxel, paclitaxel clearance has

been found to apparently be sequence dependent!®!

. Patients administered cisplatin prior to
paclitaxel had lower clearances and greater clinical toxicity than patients receiving paclitaxel
before cisplatin, suggesting that administration of paclitaxel before a platinum-based agent is more
beneficial'®!. For patients with epithelial ovarian cancer and resectable disease, primary

cytoreductive surgery followed by six to eight cycles of intravenous paclitaxel and carboplatin

every three weeks is recommended!®2,

In patients with advanced ovarian cancer for whom primary surgery would result in
significant gross residual disease and/or in patients with poor overall performance status,
significant comorbidities, treatment can begin with preoperative (neoadjuvant) chemotherapy
followed by interval debulking surgery®” 1%°. For patients with stage III or IV epithelial ovarian
cancer who may have a high-risk profile for primary cytoreductive surgery, neoadjuvant
chemotherapy with three to four cycles of intravenous three-weekly paclitaxel and carboplatin
before and after interval debulking surgery is an option!%2. The purpose of preoperative therapy is

to reduce the tumor burden and increase the likelihood of complete resection®’.

Several randomized controlled trials compared primary debulking surgery versus
neoadjuvant chemotherapy and interval debulking surgery, namely EORTC, CHORUS, JCOG and
SCORPION clinical trials'®!%, The data from these trials concluded that neoadjuvant
chemotherapy followed by interval debulking surgery is not inferior, nor superior to primary

debulking surgery followed by chemotherapy as a treatment option for patients. Complete removal
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of all macroscopic disease is the key surgical goal, whether surgery is performed before or after

initial chemotherapy treatment.

Adjuvant
-— I\_-)nl}ggf; Neoadjuvant

Figure 1.11. Ovarian cancer patients’ treatment routes. Primary cytoreduction surgery

followed by postoperative chemotherapy with carboplatin and paclitaxel is the adjuvant route.
Preoperative chemotherapy followed by interval debulking surgery is the neoadjuvant route.

Adapted from Arab et al'®.

1.1.7.2 Systemic Chemotherapy

Platinum compounds have formed the basis for chemotherapy in ovarian cancer for several
decades”. Cisplatin was initially used as the main chemotherapeutic drug”. However, its adverse
effects, specifically nephrotoxicity and ototoxicity, led to the development of second-generation
platinum compounds such as carboplatin®. Carboplatin has the advantage of being as effective as

cisplatin, but with fewer adverse effects, especially in terms of nephrotoxicity®.

Carboplatin gets activated once it crosses the cell membrane'?’. Inside the cell, the molecule
undergoes hydrolysis leading it to become positively charged. This allows carboplatin to interact
with nucleophilic molecules within the cell, including DNA, RNA and proteins, generating the
formation of adducts of platinum. The linkage between DNA and carboplatin can produce

crosslinking between strands of DNA referred to as interstrand and intrastrand cross-links. Such
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cross-links are the most cytotoxic effect because they lead to the generation of errors during DNA
replication. Consequently, the cells are prevented from completing mitosis, and thus, undergo the

induction of apoptosis.

Taxanes, specifically paclitaxel, also constitute an important part of ovarian cancer treatment.
Microtubules are composed of tubulin subunits. In healthy cells, microtubules exist in a dynamic
state where tubulin subunits are added and removed from the mature microtubules!®®. Paclitaxel
suppresses microtubule spindle dynamics by binding to the polymeric tubulin, thereby preventing
tubulin disassembly. Since microtubules are crucial for the formation of the mitotic spindle
involved in mitosis, by disturbing the microtubules’ dynamic states, paclitaxel blocks the mitotic
metaphase to anaphase transitions'® 1% The inhibition of mitosis consequently leads to the

induction of apoptosis!'%.

Even though different ovarian cancer histologic subtypes respond differently to
chemotherapy, carboplatin and paclitaxel became the standard first-line chemotherapy
combination more than 20 years ago'> !'°. In a randomized, phase III trial comparing paclitaxel
plus cisplatin with paclitaxel plus carboplatin in patients with advanced ovarian cancer, the
paclitaxel plus carboplatin regimen achieved comparable efficacy to the paclitaxel plus cisplatin

1A randomized clinical trial

regimen but was associated with better tolerability and quality of life
showed that compared with every-3-weeks or weekly carboplatin—paclitaxel regimens, single-
agent carboplatin was less active with significantly worse survival outcomes in vulnerable older

patients with ovarian cancer''?. Such finding suggests that a conventional doublet regimen should

be considered for all patients with ovarian cancer.
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1.1.7.3 Platinum Resistance

A central issue surrounding platinum compounds use is the development of platinum
resistance, defined as recurrence within 6 months of the last platinum administration''*. Although
most patients initially respond well to a platinum regimen, most progress despite therapy and
develop resistance rendering the recurrence of disease incurable®®. Platinum-resistant ovarian
cancer has a median survival of 9 to 12 months and less than 15% respond to subsequent

chemotherapy''* '3,

The development of resistance to platinum-based chemotherapy is a major clinical challenge
in cancer treatment since the cellular response that confers resistance to platinum agents is
multifactorial and poorly understood!?’. It has been observed that the intracellular mechanisms by
which cells become resistant to platinum derivatives such as carboplatin include improved
tolerance to nuclear damage leading to a reduction in apoptosis and reduced accumulation of
intracellular metal.

The most studied mechanisms underlying HGSC platinum resistance include p53 and

genome wide mutations, epigenetic changes, and dysfunctional DNA repair®® 115121

. Possibly
working together, these genetic mechanisms lead to genomic instability that allows cancer cells to
adapt and survive DNA damage caused by platinum chemotherapy. The presence of cancer stem
cells and epithelial-to-mesenchymal transition is also associated with platinum resistance in
HGSC!!> 122-124 Platinum chemotherapy is most effective on proliferating cells which are part of
most rapidly growing cancer. Therefore, it is hypothesized that populations of latent cancer stem

cells and mesenchymal-like cells are less likely to respond to platinum chemotherapy. In addition

to changes to the genome and phenotype of HGSC cancer cells, the tumor microenvironment, such
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as immune cell infiltration, angiogenesis, and hypoxia, have also been implicated in platinum
chemoresistance.

The treatment of patients with resistant disease remains a challenge”®. At this time, single
non-platinum chemotherapy agents remain the standard of care for patients with platinum-resistant
disease with or without addition of the antiangiogenic agent, bevacizumab, which is approved by
the United States Food and Drug Administration in this setting. Antiangiogenic agents, PARP
inhibitors, and immune checkpoint inhibitors have demonstrated variable tumor efficacy in clinical
trials. Overcoming resistance to therapy will require many different approaches and trials are still

ongoing to identify the most effective treatment for patients with resistant disease.

1.1.7.4 PARP Inhibitors and Clinical Trials Supporting Their Use

PARPis are usually given after frontline platinum-based chemotherapy as maintenance
therapy to prevent or delay recurrence, particularly for patients with homologous recombination
deficiency. BRCA-dependent DNA double-strand break repair mechanisms can compensate for
dysfunctional DNA single-strand break repair mechanisms®®. PARPis inhibit the poly (ADP-
ribose) polymerase enzyme (PARP) and trap it on single-strand breaks (Fig.1.12). Consequently,
DNA single-strand breaks accumulate and are converted to double-strand breaks. In non-cancerous
cells, HRR can repair DNA lesions and maintain cell viability*®. However, in HRR-deficient cancer
cells, DNA damage accumulates resulting in cell death'?>. Although BRCA1 and BRCA2
associated HGSCs have been shown to respond to PARPis, with the aim of optimizing efficacy
and tolerability of the therapeutic regimen for ovarian cancer, other drugs have also been developed

and under study for first-line and maintenance therapies'?S.
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Figure 1.12. PARPis mechanism of action. PARPis exert their cytotoxic effects through a
synthetic lethal pathway, thereby killing tumor cells with defects in homologous recombination

and/or in the protection of stalled replication forks. Adapted from O’Connor '?°

The aim of the SOLO-1 clinical trial was to evaluate the efficacy of olaparib as
maintenance therapy in patients with newly diagnosed advanced ovarian cancer and a BRCA1/2
mutation (Table 1.1) 27, Before the SOLO-1 clinical trial, most patients with newly diagnosed
advanced ovarian cancer had a relapse within three years after standard treatment with surgery and
platinum-based chemotherapy. The benefit of olaparib in relapsed disease was previously
established, but the benefit of olaparib as maintenance therapy in newly diagnosed disease was
uncertain'?”> 128, In SOLO-1, it was found that the use of maintenance therapy with olaparib
provided a substantial benefit with regard to progression-free survival (PFS) among patients with
newly diagnosed advanced ovarian cancer and a BRCA1/2 mutation, with a 70% lower risk of

disease progression or death with olaparib compared to placebo'?’. PFS refers to the time from
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treatment initiation until disease progression or worsening'?. The Kaplan—-Meier estimate of the
rate of freedom from disease progression and from death at 3 years was 60% in the olaparib group
versus 27% in the placebo group (hazard ratio for disease progression or death, 0.30; 95%
confidence interval, 0.23 to 0.41; p<0.001)'?’. Based on the SOLO-1 data, olaparib received
approval as maintenance therapy among patients with newly diagnosed advanced ovarian cancer

and a BRCA1/2 mutation.

The aim of the SOLO-2 clinical trial was to confirm olaparib efficacy as maintenance
therapy in patients with platinum-sensitive, relapsed ovarian cancer and a BRCA 1/2 mutation who
had received at least two lines of previous chemotherapy (Table 1.1)!3°. The SOLO-2 trial
demonstrated the beneficial effects of using olaparib as maintenance therapy with improved
median PFS (19.1 months; 95% CI, 16.3 to 25.7) versus placebo (5.5 months [5.2-5.8]; hazard
ratio, 0.30; 95% CI, 0.22 to 0.41; p<0.0001). Apart from anaemia, toxicities with olaparib were

low grade and manageable.

The aim of the SOLO-3 clinical trial was to evaluate olaparib versus non-platinum
chemotherapy in patients with germline BRCA-mutated platinum-sensitive relapsed ovarian
cancer who had received at least two prior lines of platinum-based chemotherapy (Table 1.1) 3!,
The SOLO-3 trial demonstrated the benefits of using olaparib in comparison with non-platinum
chemotherapy (median PFS 13.4 months in the olaparib group versus 9.2 months in the non-
platinum chemotherapy group; hazard ratio, 0.62; 95% confidence interval, 0.43 to 0.91;p=

0.013).

Another PARPI, niraparib, was studied in the PRIMA clinical trial'*2. Structural differences
and distinct pharmacokinetic properties exist between niraparib and olaparib. Niraparib is a
selective inhibitor of PARP1 and PARP2, while olaparib is a more potent inhibitor of PARP1, but
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is less selective!* 4. Niraparib had been thought to be beneficial among patients with recurrent
ovarian cancer after platinum-based chemotherapy, regardless of the presence or absence
of BRCA mutations'*>2. However, the efficacy of niraparib in patients with newly diagnosed
advanced ovarian cancer after a response to first-line platinum-based chemotherapy was unknown.
The PRIMA trial demonstrated improved PFS with niraparib in patients with newly diagnosed
advanced ovarian cancer who responded to platinum-based chemotherapy (Table 1.1), regardless
of the presence or absence of homologous-recombination deficiency. Among the patients with
tumors with homologous-recombination deficiency, the median PFS was significantly longer in
the niraparib group than in the placebo group (21.9 months vs. 10.4 months; hazard ratio for
disease progression or death, 0.43; 95% confidence interval, 0.31 to 0.59; p<<0.001). In the overall
population, the corresponding progression-free survival was 13.8 months in the niraparib group
and 8.2 months in the placebo group (hazard ratio, 0.62; 95% confidence interval, 0.50 to 0.76;
p<0.001). At the 24-month analysis, the rate of overall survival (OS) was 84% in the niraparib
group and 77% in the placebo group (hazard ratio, 0.70; 95% confidence interval, 0.44 to 1.11).
OS refers to the duration of patient survival from the time of treatment initiation'*. The most

common adverse events were anemia, thrombocytopenia, and neutropenia'32.

The VELIA trial assessed efficacy of veliparib added to first-line chemotherapy with
carboplatin and paclitaxel and continued as maintenance monotherapy in patients with high-grade
serous ovarian carcinoma (Table 1.1)!3°. It was found that, across all trial populations, a regimen
of carboplatin, paclitaxel and veliparib therapy followed by veliparib maintenance therapy led to
significantly longer PFS than carboplatin and paclitaxel combination therapy alone. In the BRCA-
mutation cohort, the median PFS was 34.7 months in the veliparib-throughout group in which

patients received chemotherapy plus veliparib followed by veliparib maintenance and 22.0 months

46



in the control group in which patients received chemotherapy plus placebo followed by placebo
maintenance (hazard ratio for progression or death, 0.44; 95% confidence interval, 0.28 to 0.68;
p<0.001). In the cohort with homologous-recombination deficiency (which included the BRCA-
mutation cohort), it was 31.9 months and 20.5 months, respectively (hazard ratio, 0.57; 95%
confidence interval, 0.43 to 0.76; p<0.001). In the intention-to-treat population (i.e., in all the
patients who had undergone randomization), it was 23.5 months and 17.3 months (hazard ratio,

0.68; 95% confidence interval, 0.56 to 0.83; p<0.001).
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Study Design SOLO-1 SOLO-2 SOLO-3 PRIMA VELIA
Veliparib-throughout group:
Carboplatin/paclitaxel + Veliparib
followed by Veliparib maintenance
Vs
Olaparib .. . .
Treatment Olaparib Olaparib o Niraparib Veliparib-combination-only group:
Groups R W Pegylated liposomal Vs Carboplatin/paclitaxel + Veliparib
Placebo Placebo Doxorubicin, Paclitaxel, Placebo )
Gemcitabine or Topotecan followed by placebo maintenance
Vs
Control group:
Carboplatin/paclitaxel + placebo
followed by placebo maintenance
BRCA mutation Germline BRCA mutation All comers
i All comers
Study . BRCA mutation . At least two lines of Responded to first-line
Population At least two lines of . . .
revious chemotherapy previous platinum-based platinum-based
B chemotherapy chemotherapy
Newly Recurrent Recurrent
Diagnosed or X Newly diagnosed advanced Newly diagnosed advanced
Newly diagnosed advanced . o
Recurrent . L. Platinum-sensitive
Platinum-sensitive
Cancer
Primary end point:
Objective response rate Primary end point: Primary end point:
in the measurable disease | PFS in patients with HRD PFS
Primary end point: analysis set assessed by tumors and in those in
blinded ind: dent ints:
Aim of the PFS Primary end point: ing etrn; ependen overall population osi S]fcol?ltjlt:;;y end potmts )
Study Secondary end point: PES central review ) in veliparib-throughout group vs. in
0s Secondary end point: control group
Secondary end peint: 0s PFS and OS in the veliparib-
PFS assessed by BICR in combination-only group vs. in control
the intent-to-treat group,
population.
Among patients with
tumors with homologous- | In BRCA-mutation cohort, median
recombination deficiency, PFS: 34.7 months in veliparib-
median PFS: throughout group vs. 22.0 months in
21.9 months in niraparib control group
Kaplan—Meier estimate of I group vs. 10.4 months in
rate of freedom from disease Median PFS: . . placebo group In HRD cohort , median PFS:
el § . ] 13.4 months in olaparib . -
PFS/OS progression and from death | 19.1 months in olaparib o v, 5. rae s i 31.9 months in veliparib-throughout
at 3 years: group vs. 5.5 months in .m-)n In overall population, PFS: | group vs. 20.5 months in control group
60% in the olaparib group vs. placebo group T e 13.8 months in nJ.rﬂpﬂI.lb . . ;
27% in the placebo group group vs. 8.2 months in In intention-to-treat population,
placebo group median PFS:
23.5 months in veliparib-throughout
0S: 84% in niraparib group | group vs. 17.3 months in control group
vs. 77% in placebo group
Most common grade 3 or Grade 3 or higher were
Grade 3 or 4 was anemia (in higher were anemia (in | Most common grade 3 or anemia (in 31.0% of Nausea in veliparib-throughout group (in
Toxicity 22% of patients) and 19% of patients), fatigue | higher was anemia (in | patients), thrombocytopenia 80% of patients).

neutropenia (in 9%)

or asthenia (in 4%) and

21.3% of patients)

neutropenia (in 5%)

(in 28.7%), and neutropenia

(in 12.8%)

90% were grade 1 or 2.

Table 1.1. Summary of the SOLO-1, SOLO-2, SOLO-3, PRIMA and VELIA clinical trials

study design
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1.1.7.5 Emerging Studies of PARPi

Niraparib was the first selective PARPi approved in the United States and Europe for
maintenance treatment in patients with recurrent ovarian cancer regardless of mutation status'®.
Preclinical evidence suggests that niraparib synergizes with anti-PD-1 therapy. Pembrolizumab is
a humanized monoclonal antibody against programmed death 1 (PD-1) that has increased activity
in tumors that express programmed death ligand 1 (PD-L1)"*". In the TOPACIO/KEYNOTE-162
trial, niraparib in combination with pembrolizumab has shown efficacy in recurrent, platinum-

resistant ovarian cancer'.

Hypoxia impairs homologous recombination leading to cell death, and thus, inhibiting
angiogenesis through anti-angiogenic agents to induce hypoxia could lead to synergy with
PARPis!*¢. Niraparib in combination with the anti-angiogenic agent bevacizumab is under study
for the treatment of recurrent platinum-sensitive ovarian cancer in the AVANOVA trial and
advanced ovarian cancer following response on frontline platinum-based chemotherapy in the

OVARIO trial'?®.

Most recently, there is interest in the use of PARPI in the neoadjuvant setting. OPAL-C is
an ongoing phase 2 randomized clinical trial comparing niraparib versus carboplatin/paclitaxel
doublet chemotherapy as neoadjuvant treatment, in patients with homologous recombination-
deficient stage III/IV ovarian cancer (study NCT03574779)!%8, The key inclusion criteria are
patients aged 18 years and older with measurable disease according to the Response Evaluation
Criteria in Solid Tumors v1.1, with newly diagnosed stage III/IV high-grade nonmucinous
epithelial ovarian, fallopian tube, or peritoneal cancer, that are eligible for neoadjuvant platinum-
taxane doublet chemotherapy followed by interval debulking surgery, have a prior completion of

one run-in cycle of carboplatin-paclitaxel treatment and have tumors that are homologous
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recombination-deficient. The primary endpoint is pre-interval debulking surgery unconfirmed
overall response rate defined as the investigator-assessed percentage of patients with unconfirmed
complete or partial response on study treatment before interval debulking surgery per the Response
Evaluation Criteria in Solid Tumors v1.1. The secondary endpoints are PFS, PFS rate at 12, 18,
and 24 months, OS and the time to first subsequent treatment. The exploratory endpoint is the
pathological complete response. All adverse events will be assessed for intensity according to the
Common Terminology Criteria for Adverse Events. Enrollment is ongoing and is expected to
conclude in March 2024. The primary analysis is anticipated to be completed in September 2024,

and the final analysis in May 2026.

1.2 Preclinical Models to Study New Therapeutic Approaches

Although the use of carboplatin in combination with paclitaxel as first-line therapy in
ovarian cancer has undergone refinements, optimizing the efficacy and tolerability of new
therapies is necessary to improve patient survival. Therefore, further pre-clinical studies and in-
vivo models are needed to determine the efficacy of emerging therapeutic agents 2% 127-130- 131 The
establishment of a preclinical model that recapitulate tumor pathophysiology in-vivo is necessary

to acquire a deeper understanding of the therapeutic response of HGSC'*°. Several preclinical

models exist with each their strengths and challenges as described below.
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1.2.1 In-Vivo Model
1.2.1.1 Patient-Derived Xenografts

Patient-derived xenografts (PDXs) models are generated by the implantation of fresh human
tumor tissues into immunodeficient mice!*’. PDXs are derived from patients and the model is
implemented in-vivo, which is known to be more accurate and reliable compared with that in
vitro'*!, PDXs resemble the tumor of the patient in cellular complexity and retain tumor
heterogeneity. Therefore, PDXs may be an ideal model to simulate actual human disease for cancer
research'*!. The main advantage of PDXs compared to in vitro cell culture is the possibility of
studying cancer cells in their microenvironment and assessing the involvement of fibroblasts,
endothelial cells and leukocytes in tumour biology and response to treatments'*> 14 In this way,
PDX has been valuable in elucidating the mechanisms and advanced our knowledge of biology of
various tumors'*> 144 However, they have low implantation-take rates, a long duration of immune
reconstitution, and are expensive to generate. The duration of survival and treatment schedules for
patients is one of the considerable factors for personalized medicine applications'®. It usually
takes two to eight months to develop a PDX model for a preclinical study and in many cases, this
length of time is too long to inform clinical decisions for individual patients'*>. Furthermore, since
the intrinsic genetic material and cellular characteristics of tumor tissue is altered after three

generations, the PDX model is not suitable for continuous amplification'*!.

51



1.2.2 In-Vitro Models
1.2.2.1 Two-Dimensional (2D) Cell Culture

2D cell culture contributed to the advancement of several areas of research and remains a
predominant preclinical method of study'*- %4, 2D cell culture is a model that is relatively simple,
economical, and convenient for high-throughput drug studies. However, it provides an
oversimplified version of tumors that does not mimic essential in-vivo cellular organization and
interactions since in flat-bottom cell culture plates, cells tend to adhere to the bottom surface of
the plate forming a flat layer of cells. For example, a study found that the carboplatin sensitivity

of 2D epithelial ovarian carcinoma cell cultures differed from the in-vivo response'*°.

1.2.2.2 Three-Dimensional (3D) Cell Culture
1.2.2.2.1 Spheroid Culture

High-throughput 3D culture of epithelial ovarian cancer cells has been found to be a strong
preclinical model of disease for in-vitro experiments that bridges the gap between 2D cell culture
and animal models '*°*'%7_ Cells grown in such 3D environment mimic poorly vascularized in-vivo
tumors’ multilayered structure and their nutrients, pH, and oxygen concentration gradients'*. In
round-bottom plates (i.e., 3D culture), the ultra-low attachment environment forces cells in
suspension to naturally aggregate, and thus, form 3D spheroidal structures more closely
resembling in-vivo tumors'*. It has been demonstrated that cells cultured in 3D preserve a more
significant number of cellular functions than cells cultured in 2D and that both models differ in
terms of drug efficacy suggesting that the 3D culture model is superior to 2D monolayers in the

search for new therapeutic targets'>* 3!, A study found that the carboplatin response of 3D
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epithelial ovarian carcinoma spheroids improved the correlation with the in-vivo response

compared to 2D cultures'®.

The generation of 3D spheroids can be performed using different methods such as ultra-
low attachment round-bottom cell culture plates (ULAPs), hanging droplet method, or agitation-
based approach!'®®. 3D spheroids can be formed by placing them in ULAPs since the natural
aggregation of cells in suspension will lead them to form spheroidal structures (Fig.1.13A)!%. The
hanging-droplet method consists of placing a hanging droplet on the underside of a plate lid. The
cells are then clustered into spheroids through the action of gravity. Similar to the ULAP method,
the hanging-droplet method allows for the easy formation of spheroids for any downstream
analyses (Fig.1.13B)'¥. In the agitation-based approach, cells are seeded onto plates that have
agarose on the bottom of the culture vessel and incubated with constant agitation. However, since
this technique exposes cells to additional shear forces, the cell biology and viability may be

affected (Fig.1.13C)!%.
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Figure 1.13. Methods for 3D spheroids generation. A) Generation of spheroids using ULAPS.
B) Generation of spheroids using the hanging-droplet method. C) Generation of spheroids using

the agitation-based approach. Adapted from Tomas et al'®.

1.2.2.2.2 Patient-Derived Organoids (PDOs)

The organoid model, which contains a more complex diversity of cell types, has been
shown to partially resemble the parent organ in both structure and function, as well as
histologically and genetically '°>13*, However, organoids lack immune cells and blood vessels and
are a costly model to generate!>* 135 Establishment of a PDO model is time-consuming and

technically difficult, thereby necessitating further exploration!!.

The generation of organoids can be performed using different methods, namely the
submerged method, the air-liquid interface method, the bioreactor method, and the organoid-on-a-
chip method'*. The submerged method is initiated by mechanical and enzymatic digestion of
primary tumor tissue, followed by embedding cells into a specific matrix such as Matrigel, and
culturing medium, supplemented with a cocktail of growth factors and hormones for long-term
maintenance (Fig.1.14). This submerged method generally represents epithelial-only organoids
and does not include stroma'*’. Tumor—stroma interactions are a key feature of most solid tumors
and drive tumor progression, metastasis, and drug resistance leading to treatment failure'S,
Therefore, the ability of 3D in vitro models to recapitulate the complex interactions between tumor

and stromal cells could allow for more accurate testing of anticancer therapies.

In the air-liquid interface method, tissue is minced into smaller fragments and embedded

in a layer of collagen, which is assembled in a cell culture insert (Boyden chamber) that has a layer
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of acellular collagen (Fig.1.15)!'*°. The cell culture insert is placed in a culture dish with media. By
being embedded in extra-cellular matrix gels in an upper surface of the cell culture inserts with a
porous membrane underneath, cells have an increased oxygen supply compared to an epithelial-
only submerged organoid method. The air-liquid interface method allows the propagation of
organoids both with epithelial and stromal cells. The distinct advantage of the method is that it not
only includes stromal cells but can also retain the tumor microenvironment for an extended period

of time.

In the bioreactor method, tissue fragments are embedded in basement membrane extract
and then transferred into a bioreactor (Fig.1.16) '*°. The continuous agitation in this method
provides better absorption of nutrients and oxygen compared to the two aforementioned static

methods.

Lastly, the organoid-on-a-chip method uses microfluidic chips which allow culture of
organoids in a chamber connected to an inlet that can circulate culture media (Fig.1.17)'%°. In the
design of a vascularized organoid-on-chip model, the fabricated microfluidic chip has a central
chamber with perfusable microvasculature in a hydrogel compartment and adjacent chambers for
loading fragments from cancer cell lines or patient tumor samples. Capillaries in the porous gel
that are outgrown from the vascular chamber into the tumor chamber allow interconnection of the
two chambers. The efficient delivery of nutrients and/or drugs to the tumor tissue through the
vascular network helps to maintain structures physiologically active for a long time. This organoid-
on-chip method could allow the development of organoids that model organ physiology in vitro
better than those developed using the previous methods mentioned. This method also has the
advantage of potentially simulating multi-organ interactions by interconnecting different

microfluidic organ-on-a-chip with each other to build body-on-a-chip models. These micro-
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physiological systems can be harnessed to study cancer multi-organ metastasis. However, organ-
on-a-chip models developed so far utilized either primary cells or cancer cell lines which cannot

resemble the cellular complexity of organs and tumors.
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1.3 Specific Ovarian Cancer Cell Lines

Ovarian cancer cell lines of epithelial origin that have the advantage of illustrating disease
progression, and thus, that could be useful in in-vitro studies are PEO1, PEO4, and PEO6. The
three cell lines were established sequentially from the same patient and initially reported in
198838, PEO1 were derived from the ascites of a patient diagnosed with HGSC. PEO1 cells were
collected 22 months after cisplatin, 5-fluorouracil and chlorambucil treatment and the patient
continued to show response to cisplatin treatment. PEO4 cells were taken from the same patient
after relapse occurred 10 months later and consequently are considered platinum resistant, and
PEOG cells, also platinum resistant, were collected three months later, following further cisplatin
treatment that had produced no beneficial effects'*® !>, The three cell lines were reported to have
high genetic fidelity to HGSC by having multiple copy number alterations consistent with the
origin of HGSC. Despite originating from the same patient, PEO1, PEO4 and PEOG6 cells were
shown to have karyotype divergence (i.e., different chromosomal morphology)'*®. PEO1 have also

been found to be BRCA2 mutants while PEO4 and PEO6 were BRCA wild-type!®.

Not many studies involving the three cell lines in 2D culture are present in the literature and even
less involving the cell lines in 3D culture. For example, in 2D culture, a study has reported the
accumulation of platinum drugs in the cell lines'*. In 3D culture, a study has demonstrated the
cell lines’ capacity to form foci and to develop multicellular structures as well as their orthotopic
tumorigenicity in immunosuppressed mice'*®. A study has also characterized the metastatic
capabilities of the cell lines, in both 2D and 3D assays, and the ability of cytostatic concentrations

of mifepristone to inhibit them!'®!

. Mifepristone is a synthetic steroid that acts as anti-
glucocorticoid and anti-progestin and that has been found to be a potential treatment option for

ovarian cancer.
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1.4 Rationale, Hypothesis and Objectives of Current Study

As most early-phase clinical trial designs rely heavily on preclinical data, it is important to
consider variations that exist between experimental models when performing drug screening or
therapeutic response prediction studies, especially in the era of personalized medicine, to

accurately select a preclinical model for use'*°.

Since 2D culture is a widely used cell culture method and that 3D culture is an emerging and
constantly evolving model, both were compared in this project using ovarian cancer cell lines of
epithelial origin that illustrate disease progression. Acquiring a better understanding of the
variations that exist between both cell culture models by analysing the cellular behavior across
different disease states in the different culture conditions, may allow for a more accurate selection
of'a cell culture model for clinically relevant data collection. The range of disease state represented
by PEO1, PEO4 and PEOG cells along with their BRCA statuses could influence treatment response
and thus make these cell lines of choice to compare 2D and 3D culture environments as

representations of in-vivo conditions.

We hypothesize that when compared to 2D culture settings, the 3D culture model will more
closely represent the in-vivo environment and may provide a more accurate representation of
response to various therapies. The following project aims to compare the behavior of PEO1, PEO4
and PEOG6 cells in terms of morphology, viability, metabolic activity, and drug response in 3D
versus 2D culture, two in-vitro models used in ovarian cancer research. While several methods can
be used for spheroids formation as described above, allowing spheroids to form in ULAPs greatly
facilitates numerous assays such as cell viability assays, transferring spheroids and performing
drug treatments'®. Therefore, in this project, flat-bottom cell culture plates were used for 2D

culture and ULAPs were used as the 3D culture method.
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2.1 Abstract

High-grade serous ovarian cancer is the most common ovarian cancer histological subtype
and is usually diagnosed at advanced stages accounting for a high number of mortalities. Over
time, almost all ovarian cancer patients eventually recur despite therapy and develop resistance to
platinum agents. These patients may benefit from the use of PARP inhibitors. The development of
preclinical models to assess therapeutic responses would enable individualized therapy for
patients. 3D culture has been found to be a faithful preclinical model of ovarian cancer. The aim
of this study was to compare the behavior of PEO1, PEO4 and PEOG6 ovarian cancer cells in terms
of morphology, viability, metabolic activity, and drug response in 3D culture versus 2D culture. In
flat-bottom plates (i.e., in 2D culture), PEO1 and PEO4 form a 2D cellular adherent layer whereas
PEOG cells, in addition to a flat layer of cells, naturally form 3D floating structures if given time.
In contrast, when grown in ultra-low attachment round-bottom plates (i.e., in 3D culture), all cell
lines formed 3D structures with different compaction levels. In 2D culture, the three cell lines are
mostly proliferative with only few apoptotic cells scattered randomly on the bottom of the plates.
Conversely, in 3D culture, the cell lines mimicked poorly vascularized tumors by forming a
multilayered structure with an outer layer of live cells, where there is active cell proliferation, and
an inner core of apoptotic cells. A pronounced differential capacity between the cells to produce
ATP was observed in 3D culture while similar magnitude of production was observed in 2D
culture. The response of the cells to carboplatin, paclitaxel and niraparib in flat- and round-bottom
plates followed a similar trend with lower sensitivity to the drugs observed in the 3D culture
setting. The 3D culture environment seems to provide a level of complexity absent in 2D culture
making it more likely reflective of the in-vivo cellular tumor behavior central to assessment of

therapeutic responses.
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2.2 Introduction

Ovarian cancer is the fourth most common gynecologic cancer and is associated with a
high mortality rate!. High-grade serous (HGSC) is the most common histological subtype of
ovarian cancer that is usually diagnosed at advanced stages and accounts for a high number of
mortalities’>. The initial treatment includes platinum-based chemotherapy either before
(neoadjuvant) or after (adjuvant) surgical debulking®. While most patients initially respond well to
a platinum-based chemotherapy regimen, over time, almost all ovarian cancer patients eventually
recur despite therapy and develop resistance to platinum agents®. These patients may benefit from

different initial therapies such as PARP inhibitors (PARPis).

PARPis exert their cytotoxic effects by trapping the poly (ADP-ribose) polymerase enzyme
on single-strand breaks resulting in an increase in double-strand breaks in replicating cells.
Consequently, the reliance of homologous recombination repair-deficient cancer cells on error
prone DNA repair pathways leads to DNA damage accumulation and cell death®. Clinical trials
have demonstrated that BRCA1 and BRCA?2 associated HGSCs, and a subset of sporadic HGSCs,
respond to PARPis>!'?. However, with the aim of optimizing efficacy and tolerability of novel
therapeutic regimens in ovarian cancer, further pre-clinical studies are needed to determine the

efficacy of PARPis as frontline therapeutic agents.

The establishment of a preclinical model of disease to acquire a deeper understanding of the
therapeutic response of HGSC became a point of focus in ovarian cancer research as the lack of
preclinical models that recapitulate tumor pathophysiology in-vivo slowed the accurate assessment
of drug efficacy and toxicity'!. Two-dimensional (2D) cell culture contributed to the advancement
of several areas of research and remains a predominant preclinical method'" '?. It is a model that

is relatively simple, economical, and convenient for high-throughput drug studies. However, it is

62



an oversimplified version of tumors that does not mimic essential in-vivo cellular organization and
interactions since in flat-bottom cell culture plates, cells tend to adhere to the bottom surface of

the plate forming a flat layer of cells.

Three-dimensional (3D) culture of epithelial ovarian cancer cells has been found to be a
strong preclinical model of disease for in-vitro experiments that bridges the gap between 2D cell
culture and animal models'"> 3. Cells grown in such 3D environment mimic poorly vascularized
in-vivo tumors’ multilayered structure and their nutrients, pH, and oxygen concentration
gradients'®. In round-bottom plates (i.e., 3D culture), the ultra-low attachment environment forces
cells in suspension to naturally aggregate, and thus, form 3D spheroidal structures similar to in-
vivo tumors!®. It has been demonstrated that cells cultured in 3D preserve a more significant
number of cells functions than cells cultured in 2D and that both models differ in terms of drug
efficacy suggesting that the 3D culture model is superior to 2D monolayers in the search for new
therapeutic targets'® !”. Thus, we hypothesize that compared to 2D culture settings, the 3D culture
model more closely represents the in-vivo environment and may provide a more accurate

representation of response to various therapies.

PEO1, PEO4 and PEO6 cells were collected from a single patient with HGSC after initial

1'®, PEOI1 cells were isolated from ascites

treatment with cisplatin, 5-fluorouracil, and chlorambuci
of the patient after she had recurrence more than 22 months following the first treatment. PEO4
cells were isolated from ascites of the same patient after she developed resistance to the previous

chemotherapeutics, whereas PEO6 cells were isolated from ascites collected prior to the death of

the patient.

Although multiple studies have compared 2D and 3D culture settings, only a few have done

so in epithelial ovarian cancer cell lines. Comparison of both culture settings using epithelial
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ovarian cancer cell lines from the same patient that illustrate disease progression and have different

BRCA statuses has not been performed yet.

This study aims to compare the human ovarian adenocarcinoma behavior of PEO1, PEO4
and PEOG cells in terms of morphology, viability, metabolic activity, and drug response in 3D

culture versus 2D culture.

2.3 Materials and Methods
2.3.1 Cell Culture Plates and Cultured Cell Lines

For 3D cell culture, 96-well transparent (Corning Incorporated, Kennebunk, ME, USA) or
white (S-BIO, Hudson, NH, USA) ultra-low attachment round-bottom plates (ULAPs) were the
plating type of choice since allowing cellular spheroidal structures to form in round-bottom plates
facilitates the process of transferring structures and performing cell viability assays and drug
treatments'®>. For 2D cell culture, cell culture-treated flat-bottom T75 flasks (Thermo Fisher
Scientific, Rochester, NY, USA) and 96-well flat-bottom plates (Corning Incorporated,

Kennebunk, ME, USA) were used.

The cell line models used for culture were PEO1, PEO4 and PEO6. They are derived from a
single patient with HGSC and illustrate disease evolution as they were longitudinally obtained
along disease progression'*. More precisely, PEO1 cells are chemosensitive and were obtained
during the early stage of the disease following chemotherapeutic treatment, PEO4 cells were
obtained following ovarian cancer recurrence and are chemoresistant, while PEO6 cells, also
chemoresistant, were obtained prior to the death of the patient, and thus, represent the latest stage

of the disease. The cells were originally obtained from Dr. Taniguchi (Fred Hutchinson Cancer
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Center, University of Washington, Seattle, WA, USA) with the written consent of the originator,
Dr. Langdon (Edinburgh Cancer Research Centre, Edinburgh, UK)!'”. PEO1 have been found to be
BRCA?2 mutants while PEO4 and PEO6 BRCA wild-type®®. The three cell lines were maintained
in RPMI 1640 medium (Gibco, Grand Island, NY, USA) prepared in HyPure cell culture grade
water (Cytiva, Logan, UT, USA) and supplemented with 10 mM HEPES (Corning), 100 TU
penicillin and 100 pg/mL streptomycin (Corning), 2 mM dipeptide glutamine (Glutagro, Corning),
10 pg/mL insulin (Gibco), 1 mM sodium pyruvate (Corning), 5% fetal bovine serum (Corning),
5% bovine serum (Corning) and 23.8 mM sodium bicarbonate (Millipore Sigma) at a constant
temperature of 37 °C in a humidified atmosphere of 5% CO,. Media was changed every 48 to 72

hours when cells were cultured in cell culture-treated flat-bottom T75 flasks.

For all experiments except the morphological analysis, ATP quantitation assay and positive
controls, the three cell lines were plated in 96-well flat-bottom plates with 5,000 cells per well and
in ULAPs with 5,000 cells per well. For the ATP quantitation assay, cells representing the three
cell lines were plated in a 96-well flat-bottom plate with 10,000 cells per well and in ULAPs with
5,000 cells per well. Double the number of cells per well was plated in the flat-bottom plate than
in the ULAPs to maximize the number of cells that adhere to the bottom of the flat-bottom plate
during the 24 hours incubation period. For the Live/Dead assay positive control in 2D, PEOI,
PEO4 and PEOG6 cells were plated in 96-well flat-bottom plates with 5,000 cells per well. For the
CellEvent Caspase-3/7 assay positive control in 2D, PEO1 and PEO4 cells were plated in 96-well
flat-bottom plates with 5,000 cells per well. For the Live/Dead assay positive control in 3D, PEO6

cells were plated in an ULAP with 5,000 cells per well.
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2.3.2 Morphological Analysis

The morphology of the cells in culture-treated flat-bottom flasks at one and five days after
plating for PEO1 and PEO4 and at two and seven days for PEO6 was compared to determine their
morphological adaptation in a 2D culture environment. The arrangement of the cells in an ultra-
low attachment environment was compared one, four and seven days after plating by determining
the compaction pattern of the 3D spheroidal structures formed by the cells. The cells were plated
in 96-well ULAPs with 5,000 cells per well and three wells per cell line. After one, four and seven
days in the plates, the average cross-sectional area of the PEO1, PEO4 and PEO6 spheroidal
structures was calculated across three wells per cell line using the ToupView Software (OMAX,
USA). The compaction pattern of the 3D spheroidal structures was determined by comparing the
average cross-sectional areas at one and four days as well as at four and seven days after plating

such that a decrease in average cross-sectional area with time represents getting more compact.

2.3.3 Cell Viability Assay

The viability of the cells was compared in a 2D and 3D culture environment using Live/Dead
cell assay. After four days in the plates for 2D culture and four and seven days for 3D culture,
Calcein-AM  (live cells indicator), EthD-1 (dead cells indicator) (LIVE/DEAD
Viability/Cytotoxicity Kit, Thermo Fisher Scientific, Eugene, OR, USA), and the NucBlue Live
Cell Stain ReadyProbes reagent (nuclei indicator) (Thermo Fisher Scientific, Eugene, OR, USA)

were added to the cells followed by imaging.

Regarding the positive control for the Live/Dead assay, after four days in the plates, the cells

were fixed with a 4% PFA solution before undergoing the Live/Dead assay. Fixation of the cells
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allows for penetration of the non-permeable dead indicator and disruption of the esterase activity

indicator of cell viability.

2.3.4 Apoptosis Detection Assay

The cell death method of the cells was compared in 2D, and 3D culture by performing a
CellEvent Caspase-3/7 assay. After three days in the plates for 2D culture and three and six days
for 3D culture, the CellEvent Caspase-3/7 Green ReadyProbes reagent (Thermo Fisher Scientific,
Eugene, OR, USA) was added to the cells. 24 hours later, caspase-3/7 activation was assessed and

NucBlue was added to allow for nuclei detection through imaging.

We utilized known results on the effect of auranofin on activation of caspase-3/7 in PEO1 and
PEO4 in 2D to confirm whether the caspase-3/7 reagent captures the feature of caspase-3/7
activation and is effective in our 3D model. Since the drug auranofin has been found to cause
apoptosis in PEO1 and PEO4, a positive control in which the two cell lines were exposed to the
drug was included®'-?2. PEO1 and PEO4 cells were plated in three groups, namely a group exposed
to the Caspase-3/7 Green Reagent and DMSO (Corning, Manassas, VA, USA) (i.e., the vehicle
group), a group exposed to the Caspase-3/7 Green Reagent, DMSO and 2 uM of the drug auranofin
and a group exposed to the Caspase-3/7 Green Reagent, DMSO and 4 uM of auranofin. Only
PEO1 and PEO4 were used for the positive control because the known results on caspase-3/7
activation were done with auranofin on PEO1 and PEO4 and were not evaluated in PEO62" 22,
Since 2 uM and 4 pM were the concentrations found to have a positive effect on apoptosis in both

cell lines, these were the concentrations used.
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2.3.5 Proliferation Detection Assay

The proliferation levels of the cells were compared in 2D and in 3D culture using a Click-iT
5-Ethynyl-2'-deoxyuridine (EdU) Cell Proliferation assay (Click-iT EAU Alexa Fluor 594 Imaging
Kit, Thermo Fisher Scientific, Eugene, OR, USA). The assay relies on the incorporation of a
fluorescently labeled mimetic of the thymidine nucleotide, EdU, into newly synthesized DNA to
indicate cells that are having DNA synthesis. After three days in the plates for 2D culture and three
and six days for 3D culture, 10 pM of EdU dissolved in DMSO was added to the cells'®. 24 hours
later, the Click-iT cocktail containing an EAU reaction buffer, copper (III) sulfate, Alexa Fluor 594
Azide dye and a Click-iT EdU buffer additive as well as Hoechst (nuclei indicator) was added to

the cells followed by imaging.

2.3.6 ATP Quantitation Assay

The metabolic activity of the cells in 2D and 3D were compared by performing a CellTiter-
Glo Luminescent Cell Viability assay (Promega Corporation, Madison, WI, USA) and a CellTiter-
Glo 3D Cell Viability assay (Promega Corporation, Madison, WI, USA). Cells representing the
three cell lines were plated in a 96-well flat-bottom plate with 10,000 cells per well and in ULAPs
with 5,000 cells per well. After 24 hours in the flat-bottom plate and four and seven days in the
ULAPs, the CellTiter-Glo reagent was added to the cells followed by shaking on an orbital shaker

and finally plate reading.

A negative control for the CellTiter-Glo assay was included by adding the CellTiter-Glo

Reagent to three wells out of 96 without cells.
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2.3.7 Drug Testing

The drug response of the cells in a 2D and 3D culture environment was compared by
performing the Live/Dead and the CellTiter-Glo Luminescent 3D Cell Viability assays as described
above. After four days in the ULAPs, the cells were exposed to the therapeutic agent carboplatin
(25 uM, 50 uM, 100 uM or 200 uM), paclitaxel (1.25 uM, 2.5 uM, 5 uM or 10 uM) and the
PARPi, niraparib (2 uM, 4 uM, 8 uM or 16 uM). The reason as to why the cell lines were kept for
four days in the plates before drug exposure is because we wanted to assess the effect of the drugs
at the healthier point of the spheroidal structures. Based on the known maximum effect of the
tested drugs with ovarian cancer cells in 2D, three days following the initial drug exposure, the

two assays were performed? 24,

In Liston et al’s paper, the listed Cmax for carboplatin is 135 uM, for paclitaxel is 4.27 uM
and for olaparib is 13.1 uM?. The drug concentrations we utilized comprise lower and higher
concentrations than the Cmax values presented in the paper of Liston ef al. to ensure that clinically
relevant concentrations are included. Since no data was available for niraparib, the Cmax of the

PARP1, olaparib, was used instead.

2.3.8 Statistical Analysis and Replicates

For the ATP quantitation assay results analysis, data are presented as mean =+ standard error
of the mean (S.E.M.) and compared using one-way ANOVA followed by the Tukey’s Multiple
Comparison Test. For the cross-sectional areas and drug testing results analysis, data are presented
as mean = S.E.M.and compared using two-way ANOVA followed by the Dunnett’s Multiple

Comparison Test. For the CellEvent Caspase-3/7 assay green fluorescence units results and Click-
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1T 5-Ethynyl-2'-deoxyuridine (EdU) Cell Proliferation assay red fluorescence units results for
PEOI1, PEO4 and PEOG6 cells four and seven days after plating in 96-well ULAPs and the
percentages of positive nuclear EAU results in 2D, statistical analysis was performed using
unpaired z-test.

The experiments were done with four to seven replicates for each cell line in each
experiment. In 2D, the Live/Dead assay at day four was performed once with four wells per cell
line. In 3D, at days two, four and seven, it was performed twice, once with three wells per cell line
and once with four wells per cell line. At days four and seven, it was performed once with seven
wells per cell line and at day eight was performed once with 10 wells per cell line. In 2D, the
CellEvent Caspase-3/7 assay at day four was performed once with 4 wells per cell line. In 3D, at
days four and seven, it was performed once with four wells per cell lines and at days two, four and
seven, it was performed once with four wells per cell line. In 2D, the Click-iT 5-Ethynyl-2'-
deoxyuridine (EdU) Cell Proliferation assay at day four was performed once with 4 wells per cell
line. In 3D, at days four and seven, the Click-iT assay was performed twice with four wells per
cell line. In 2D, at 24 hours, the ATP quantitation experiment was performed once with five wells
per cell line. In 3D, at days four and seven, the ATP assay was performed three times with five
wells per cell line. In 2D, the drug testing experiment was performed once with 4 wells per drug
concentration and vehicle group per cell line. In 3D, the drug testing experiment was performed

twice with 4 wells per drug concentration and vehicle group per cell line.

In 2D, the Live/Dead assay positive control was performed once with four wells per cell
line. The CellEvent Caspase-3/7 assay positive control was performed once with three wells per
drug concentration and vehicle group per cell line. The CellTiter-Glo Cell Viability assay positive

control was performed at each plate luminescence reading, and thus, was performed four times. In
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3D, the Live/Dead assay positive control was performed once with two wells with PEO6. The
CellTiter-Glo Cell Viability assay negative control was performed at each plate luminescence

reading, and thus, was performed nine times with three wells with no cells every full plate reading.

2.3.9 Plate Imaging and Reading Parameters

For all experiments, the BioTek Cytation3 Imaging Reader in conjunction with the BioTek

Gen5 Software were used to perform imaging and fluorescent and luminescent plate reading.

For the Live/Dead assay, the excitation and emission values set for green fluorescence
reading were 494 nm and 516 nm respectively, for red fluorescence reading they were 528 nm and
617 nm respectively and for blue fluorescence reading they were 359 nm and 461 nm respectively.
For the CellEvent Caspase-3/7 assay, the excitation and emission values set for green fluorescence
reading were 502 nm and 530 nm respectively and for blue fluorescence they were 359 nm and
461 nm respectively. For the Click-iT 5-Ethynyl-2'-deoxyuridine (EdU) Cell Proliferation assay,
the excitation and emission values set for red fluorescence reading were 590 nm and 615 nm

respectively and for blue fluorescence they were 359 nm and 461 nm respectively.

For plate luminescence reading, a shaking step of 10 seconds was performed before

reading.
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2.4 Results
2.4.1 Morphological analysis

Morphological differences were observed between PEO1, PEO4 and PEOG6 cells following
imaging of the cell lines in T75 flasks. All cells grew forming monolayers and islands of uniform
polygonal cells (Fig.2.1A)%*. PEOI cells had an elongated shape compared to PEO4 cells, and

PEOG cells tended to grow on top of each other.

In ULAP, all cell lines formed 3D structures with different compaction patterns along time
(Fig.2.1B). For PEO1, PEO4 and PEOG cells, the spheroidal structures get more compact from day
1 to day 4 since their average cross-sectional area decreases during this time (Fig.2.1C). The PEO1
structures have no change in compaction level from day 4 to day 7 while PEO4 and PEO6
structures get less compact from day 4 to day 7 since their average cross-sectional area increases

during this time.

At day 4 and day 7, the average cross-sectional area of PEO1 is smaller than that of PEO4

which is smaller than that of PEO6 (Fig.2.1C).

2.4.2 Cell Viability Assay

In 2D, the three cell lines displayed a homogeneous and flat vital culture with minimum cell
death (Fig.2.2A). In 3D, it was observed that all three cell lines display an outer layer of live cells
at the periphery of the spheroidal structures and an inner layer of dead cells in the center, but at
different time points (Fig.2.2B). Two days after plating, the structures of PEO1 and PEO4 cells

had few dead (i.e., red) cells. Four days after plating, the structures had an almost fully developed
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core of dead cells while seven days after plating, the structures had no visible dead cells in the
center. Two days after plating, the structures of PEOG6 cells had few dead (i.e., red) cells. Four and
seven days after plating, the structures had no visible dead cells in the center. Calcein-AM (live
cells) and EthD-1 (dead cells) fluorescence units graphs show that from two to seven days after
plating, PEOI cells have a decrease in the levels of live and dead cells while PEO4 cells have no
significant change in the levels of live cells but have a decrease in the levels of dead cells
(Fig.2.2B). Across the three time points, PEO6 cells appear to have no significant change in the

levels of live and dead cells.

2.4.3 Apoptosis Detection

In 2D, for PEO1, PEO4 and PEOG cells, only a few apoptotic cells were scattered randomly
on the bottom of the plates (Fig.2.3A). In 3D, PEOT1 apoptotic cell death was confined to the center
of the spheroidal structure, PEO4 cell death was spread all over the spheroidal structure and PEO6
cell death tended to occur in the center of the spheroidal structure (Fig.2.3B). Green fluorescence
relative units indicate that PEO1 apoptosis levels decrease from day four to day seven and do not

change significantly during the same time period for PEO4 and PEO6 (Fig.2.3B).

2.4.4 DNA Synthesis Pattern

In 2D, DNA synthesis in PEO1, PEO4, and PEOG cells across the plates’ surface was detected
as indicated by the purple fluorescence (i.e., a superposition of red and blue fluorescence)

(Fig.2.3C). The percentages of positive nuclear EAU indicate that DNA synthesis levels in 2D of
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PEOI1 cells are higher than those of PEO4 and PEOG6 cells, reaching statistic significance only with

PEO4 cells (Fig.2.3C).

In 3D culture, the three cell lines were found to proliferate mostly in the outer layer of the
cellular structures (Fig.2.3D). Averaging relative red fluorescence units indicate that DNA
synthesis level of all three cell lines does not change significantly from day four to day seven

(Fig.2.3D).

2.4.5 Metabolic Activity

In 2D, the three cell lines produced a similar level of ATP between approximately 3800 to
5000 relative luminescent units. However, PEO6 cells produced a significantly higher amount of
ATP followed by PEO1 cells and then PEO4 cells 24 hours following plating (Fig.2.4A). In 3D, at
day four and seven following plating, it was found that PEO6 cells produce approximately four
times more ATP than PEO4 followed by PEO1 that produce approximately eight times less ATP

than PEO6 (Fig.2.4B).

2.4.6 Drug Testing

The level of ATP produced by the control cells, without treatment, in both the 2D and 3D
model was considered 100%. In 2D culture, all four concentrations of carboplatin appeared to
reduce ATP levels in a concentration-dependent manner in PEO1 cells while only 100 uM and 200
UM caused a decrease of ATP in PEO4 cells (Fig.2.4C). The production of ATP in PEOG6 cells

seemed to be higher than control cells at 25 uM and 50 uM of carboplatin with no effect at 100
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uM and a decrease below the control level only at 200 uM. The ATP levels in all three cell lines
were found to be reduced by paclitaxel to a similar extent at the four concentrations used. Niraparib
caused a decrease in ATP levels at 4 uM, 8 uM and 16 uM only in PEO1 cells, while none of the

concentrations had a significant effect on PEO4 and PEO6 cells.

In 3D culture, the ATP production in PEO1 and PEO4 cells appeared to be reduced by 50
uM, 100 uM and 200 uM of carboplatin in a concentration-dependent manner, although to a lesser
extent in PEO4 cells (Fig.2.4C). The production of ATP in PEO6 cells seemed to be higher than
control cells at 25 uM, 50 uM and 100 uM of carboplatin with no effect at 200 uM. The levels of
ATP in all three cell lines were found to be reduced by paclitaxel to a similar extent at the four
concentrations used. Only 8 uM and 16 uM of niraparib caused a decrease in ATP levels in PEO1
cells while none of the concentrations had a significant effect on PEO4 and PEOG cells. When the
drug had an impact on cellular ATP production, it was found to be less effective in 3D than in 2D

(Fig.2.4C).

2.5 Discussion

Our results suggest that the behavior of PEO1, PEO4 and PEOG cells, in terms of morphology,
viability, metabolic activity, and drug response, in 3D culture reflects more complex differences
associated with the disease state that the cell lines represent, compared to a more homogeneous

response associated with 2D culture.

In 2D culture, PEO1 and PEO4 cells form an adherent layer, while PEOG6 cells tend to grow
on top of each other and naturally form 3D floating structures if given time'®. This highlights the

complexity of the cells representing the tumor as the disease progresses'®.

75



For PEO1, PEO4 and PEOG6 cells, the spheroidal structures get more compact from day one
to day four. From day four to day seven, the PEO1 structures have no change in compaction level
while PEO4 and PEOG6 structures get less compact. Therefore, these results suggest that the three

cell lines reach a maximum level of compaction at day four.

At day four and day seven, the average cross-sectional area of PEOI is smaller than that of
PEO4 which is smaller than that of PEO6. Considering that PEO1 cells represent the earliest and
PEOG cells the latest stage of disease, such average cross-sectional area pattern at day four and
day seven could be associated with the disease state the cells represent where the more complex

cells become, the less prone they are to get together.

While in 2D culture, no specific pattern of live and apoptotic cells has been observed, cells
within the spheroids formed in 3D culture did have different levels of viability and death associated
with their proliferative capacity and apoptotic state. In general, live proliferating cells are present
at the periphery while apoptotic cells accumulate in the center. Such behavior correlates with
findings in previous studies that highlight the similarity of such pattern to the cellular behavior of
in-vivo tumors as limited nutrients and agents penetration in the center generates a healthy outer

layer of cells with high proliferative ability and a hypoxic dead core!*?’.

Green and red fluorescence intensities along the drawn white line passing through the
spheroidal structures of PEO1, PEO4 and PEOG6 cells 4 days after plating in 96-well ULAPs
provide additional evidence regarding the formation of a multilayered structure with an outer layer
of live cells and an inner core of dead cells (Fig.S2.1). For PEOl and PEO4 cells, green
fluorescence intensity tends to peak at the extremities of the white line (i.e., at the periphery of the
spheroidal structures) and red fluorescence intensity tends to peak at the middle of the white line

(i.e., at the center of the spheroidal structures). These results are expected, since four days after
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plating, the PEO1 and PEO4 spheroidal structures had an almost fully developed core of dead
cells. Four days after plating, the PEO6 spheroidal structure had no visible dead cells in the center.
It is thus expected that no red fluorescence intensity peak appears in between the two peaks of

green fluorescence intensity for PEO6.

For the Live/Dead positive control in 2D where cells were fixed with paraformaldehyde (i.e.,
killed in the process) four and seven days after plating in 96-well flat-bottom cell culture plates
and the Live/Dead assay was performed, no live cells (i.e., green, fluorescent cells) were present.
Only dead cells (i.e., purple, fluorescent cells due to a superposition of red and blue fluorescence)
indicating fixed dead cells were present (Fig.S2.2). For the Live/Dead assay positive control in
3D, no live cells (i.e., green, fluorescent cells) were present, only dead cells (i.e., red, fluorescent
cells) (Figure S2.3). These results are expected since fixation of the cells allows for penetration of
the non-permeable dead indicator, and thus, for EthD-1 red fluorescence to be apparent and
disruption of the esterase activity indicator of cell viability, and thus, for no Calcein-AM (sensitive
to esterase activity) green fluorescence to be visible. Therefore, these results confirm that the

Calcein-AM and EthD-1 combination of reagents used in the Live/Dead assay is reliable.

From four to seven days following plating, PEO1 appeared to have a decrease in apoptosis
and viability with no significant change in proliferation levels and average cross-sectional area of
the spheroidal structures formed for PEO1, suggesting a stagnant level of compaction. PEO4 and
PEOG6 cells appeared to have no significant changes in their apoptosis and proliferation levels from
four to seven days after plating. However, the average cross-sectional area of the spheroidal
structures formed for both cell lines increased during this period, suggesting a decrease in the level

of compaction.
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For the CellEvent Caspase-3/7 assay positive control results, as expected, the higher the
concentration of auranofin administered, the higher the number of apoptotic cells (i.e., green,

fluorescent cells) compared to the basal number of apoptotic cells of the vehicle group (Fig.S2.4)*"

22

Despite the varying complexities of the 2D and 3D cell culture models, the response of
the cell lines to carboplatin, paclitaxel and niraparib in flat- and round-bottom plates followed a
similar trend with lower sensitivity to the drugs observed in the 3D culture setting. Such decrease
in drug sensitivity in 3D has been observed in previous studies and attributed to the reduced access
of chemotherapy agents to internal cells in the un-vascularized 3D spheroids due to their structure

characterized by a metabolite density gradient!”-28-3°,

The effect of carboplatin observed in PEO1, PEO4 and PEOG6 cells in 2D and 3D culture
correlates with the cell lines’ expected behavior. PEO1 cells are chemosensitive while PEO4 and
PEOG6 cells are more chemoresistant. Therefore, it is expected that carboplatin will be more
effective on PEOI cells than on PEO4 and PEOG cells. The effect of paclitaxel on the three cell
lines in 2D and 3D culture is strong and independent of the concentrations used, yet is less effective
in 3D than in 2D. Considering that PEO1 is mutant for BRCA2 while PEO4 and PEO6 are BRCA
wild-type and that BRCA 1 and BRCAZ2 associated HGSCs have been found to respond to PARPis,
the fact that niraparib only has an effect in PEOI cells reinforces that the cells studied are a good
model of disease progression °®* 20, Moreover, the expected response on PARPis on PEO1 was
stronger in 2D than in 3D, reflecting an advanced level of adaptation and poor response for PEO1

cells in the 3D model.

Measuring luminescence levels, and thus, ATP production levels of cells in a flat-bottom

plate in which they adhere to the bottom allows us to determine the intrinsic ATP production levels
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of the three cell lines when they are in a 2D environment. PEO1, PEO4 and PEOG6 did have the
ability to produce ATP in flat-bottom plates with similar biologically relevant levels. In 3D culture,
a differential capacity of the cells to produce ATP was observed with PEO6 cells producing the
highest amount of ATP followed by PEO4 and then PEO1 cells similarly at four and seven days
after plating. Such differential capacity might reflect the in-vivo cellular adaptation based on the
disease state that PEOG6 cells represent. High ATP levels are key drivers of aggressive cancer cell
phenotypes. ATP-high cancer cells show increases in many aggressive properties or behaviors,
including anchorage-independence, metastasis, and antioxidant capacity’!. Therefore, the ability
of PEOG cells to produce significantly higher levels of ATP than the other two cell lines in 3D
culture could be linked to an increase in mitochondrial mass and to the aggressive disease state

that they represent’!.

It was found that, from day four to day seven in ULAPs, PEO1 appeared to have a decrease
in apoptosis with no significant change in proliferation level and compaction level of the
spheroidal structures formed. We speculate that less cells were dying and the average cross-
sectional area and proliferation level did not change because cells were arranging themselves on
top of each other rather than next to one another. However, further investigation is needed to

confirm this speculation.

It was found that, from day four to day seven in ULAPs, PEO4 and PEOG6 have no significant
changes in their apoptosis and proliferation levels and the spheroidal structures they form get less
compact. Since PEO4 and PEOG6 cells appear to have a similar behavior in terms of caspase-3/7
activation, proliferation level from day four to day seven and a similar response to niraparib
potentially associated with their BRCA wildtype status, we speculate that an intrinsic characteristic

of the cells related to the more advanced disease stage they represent could explain their similar
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decreasing compaction pattern from day four to day seven. However, further investigation is

required to assess the validity of our speculation.

Since PEO1 cells appeared to have a more visible and pronounced apoptotic core than
PEO4 and PEOG cells in 3D culture, taken together, morphological analysis, Live/Dead, apoptosis
detection and ATP quantitation assays results in 3D suggest that as cells get more together, those
in the center of the spheroidal structures have less access to components in the media, and thus,
have a higher tendency to experience apoptotic cell death, are less metabolically active and are

associated with less aggressive cancer cell phenotypes.

Such findings suggest that the 3D culture environment provides a level of complexity
absent in 2D culture making it more reflective of the in-vivo cellular tumor behavior central to

assessment of therapeutic responses.

2.6 Limitations

The percentages of positive nuclear EAU in 2D indicate that the level of DNA synthesis of
PEOLI is significantly higher than that of PEO4. However, PEO1, PEO4 and PEO6 cells in 2D are
known to have different doubling times with PEO1 cells being the fastest and PEOG6 cells the
slowest to divide®?. This inconsistency between doubling times and DNA synthesis might be
explained by a longer time spent in the G2/M phase of the cell cycle, during which cell division
occurs, being longer for PEO4 and PEO6 than for PEO1 . However, further investigation is needed

to determine whether our speculation is true.
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2.7 Conclusion

As HGSC is the most aggressive ovarian cancer subtype and generally presents at an
advanced stage with poor long-term survival, developing in-vitro models that are as faithful as
possible to the in-vivo tumor behavior to accurately determine therapeutic efficacy of treatments,

and thus, potentially increase patient survival is of vital importance.
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Figure 2.1. Morphological comparison of PEO1, PEO4 and PEQOG cells in 2D and 3D cultures.

A) PEOI and PEO4 cells one and five days after plating in cell culture-treated flat-bottom T75

flasks and PEOG cells two- and seven-days following plating. Scale bars = 50 um. B) PEO1, PEO4

and PEOG6 cells one, four and seven days after plating in 96-well ULAPs. Scale bars =200 pm. C)

Average cross-sectional area of PEO1, PEO4 and PEOG6 spheroidal structures one, four and seven

days after plating in ULAPs.
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Figure 2.2. Comparison in terms of viability of PEO1, PEO4 and PEOG cells in 2D and 3D

cultures. A) Live/Dead 2D results of PEO1, PEO4 and PEOG6 cells four days after plating in 96-
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well flat-bottom plates. Green fluorescence indicates live cells and red fluorescence indicates dead
cells. Scale bars = 1000 um. B) Live/Dead 3D results of PEO1, PEO4 and PEOG6 cells two, four
and seven days after plating in 96-well ULAPs. Green fluorescence indicates live cells and red
fluorescence indicates dead cells. Green (Calcein-AM) and red (EthD-1) fluorescence units
indicative of levels of live and dead cells respectively are presented in the graphs.

Scale bars = 500 um.
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Figure 2.3. Comparison in terms of cell death and proliferation of PEO1, PEO4 and PEO6
cells in 2D and 3D cultures. A) CellEvent Caspase-3/7 assay 2D results in PEO1, PEO4 and
PEOG6 cells four days after plating in 96-well flat-bottom cell culture plates. Green fluorescence
was used as the apoptosis indicator and blue fluorescence for nuclear staining. Scale bars = 200
um. B) Caspase-3/7 assay 3D results in PEO1, PEO4 and PEOG6 cells four and seven days after
plating in 96-well ULAPs. Scale bars = 500 um. The graphs represent the CellEvent Caspase-3/7
assay green fluorescence units results indicative of apoptosis levels for PEO1, PEO4 and PEO6
cells four and seven days after plating in 96-well ULAPs. ns means p > 0.05 and ** means p <
0.01. C) Click-iT 5-Ethynyl-2'-deoxyuridine (EdU) Cell Proliferation assay 2D results of PEOI,
PEO4 and PEOG6 cells four days after plating in 96-well flat-bottom cell culture plates. Red
fluorescence was used as the proliferation indicator and blue fluorescence for nuclear staining.
Therefore, a purple color (i.e., a superposition of red and blue fluorescence) indicates proliferating
cells. The percentages of positive nuclear EAU indicative of DNA synthesis levels of PEO1, PEO4
and PEOG cells four days after plating in 96-well flat-bottom cell culture plates are shown in the
graph. ns means p > 0.05 and ** means p <0.01. Scale bars = 100 um. D) Cell Proliferation assay
3D results of PEO1, PEO4 and PEOG6 cells four and seven days after plating in 96-well ULAPs.
Scale bars = 200 pm. The graphs represent the Cell Proliferation assay red fluorescence units
results indicative of proliferation levels of PEO1, PEO4 and PEOG6 cells four and seven days after

plating in 96-well ULAPs. ns means p > 0.05.
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Figure 2.4. Comparison in terms of metabolic activity and drug response of PEO1, PEO4
and PEOG cells in 2D and 3D cultures. A) PEO1, PEO4 and PEOG6 cells 2D ATP production
levels reflected by the generated luminescence levels 24 hours after plating in 96-well flat-bottom
cell culture plates. *** means p < 0.001. B) PEO1, PEO4 and PEOG6 cells ATP production levels
reflected by the generated luminescence levels four and seven days after plating in 96-well ULAPs.
** means p < 0.01 and *** means p < 0.001. C) PEOI1, PEO4 and PEOG6 cells’ drug response to
carboplatin, paclitaxel and niraparib through ATP production levels in flat-bottom plates and ultra-
low attachment round-bottom plates. ns means p > 0.05, * means p < 0.05, ** means p <0.01 and

*** means p < 0.001.

93



2.10 Supplementary Figures

PEO1

PEO4

PEOG6

Figure S2.1. Green and red fluorescence intensities along the drawn white line passing
through the spheroidal structures of PEO1, PEO4 and PEOG cells 4 days after plating in 96-
well ULAPs. Green fluorescence indicates live cells and red fluorescence indicates dead cells.

Scale bars = 1000 pm.
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Figure S2.2. Live/Dead results of fixed PEO1, PEO4 and PEOG6 cells four and seven days
after plating in 96-well flat-bottom cell culture plates. Red fluorescence was used as the dead
cell indicator and blue fluorescence for nuclear staining. Therefore, a purple color (i.e., a
superposition of red and blue fluorescence) provides an accurate representation of dead cells. Scale

bars in full pictures = 1000 pm and scale bars in zoomed in pictures = 20 pm.

Figure S2.3. Live/Dead results of fixed PEOG cells four days after plating in 96-well ULAPs.

Green fluorescence indicates live cells, red fluorescence indicates dead cells. Scale bar = 1000 um.
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Figure S2.4. CellEvent Caspase-3/7 assay results in PEO1 and PEO4 cells exposed to the

PEO4

Caspase-3/7 Green Reagent and DMSO (i.e., the vehicle group), to the Caspase-3/7 Green
Reagent, DMSO and 2 pM of auranofin and to the Caspase-3/7 Green Reagent, DMSO and
4 uM of auranofin in 96-well flat-bottom cell culture plates. Green fluorescence was used as

the apoptosis indicator. Scale bars = 100 um.
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Chapter 3.

Preliminary Work on Patient-Derived Organoids

97



3.1 Patient-Derived Organoids

Another 3D model, which is gaining in popularity, is the organoid model. The organoid
model, which contains a more complex diversity of cell types, constitutes a growing and promising
area of research as organoids have been shown to partially resemble the organ in structure and

function and histologically and genetically resemblance the tumor they are derived from!>2-154,

However, organoids lack immune cells and blood vessels and are a costly model to generate!>* 153,

Therefore, researchers need to continue to push the boundaries of these current models for in-vitro

work in the future'*’.

Organoids have thus far been successfully generated from intestinal tissue as this was the
first tissue-derived organoid type established and for multiple cancer types such as head and neck

cancer, prostate cancer, stomach cancer, liver cancer, pancreatic cancer, breast cancer, etc. 021

Ovarian cancer organoids have also been successfully established in several laboratories!>% 157 166,

However, different groups use different protocols and media compositions with different reported

success rates.

Putting in place the appropriate series of steps for organoid maintenance and establishing
the optimal media composition for stable long-term cultivation are required steps for an organoid
development platform. Another part of the project focused on setting up a patient-derived
organoids (PDOs) platform for ovarian cancer as another preclinical 3D model. Woking with
spheroidal structures formed in ULAPs and with PDOs are two distinct processes. In ULAPs,
already developed cell lines were grown in an anchorage independent manner without addition of
any extracellular matrix. PDOs generation is based on the adaptation, in an anchorage dependent
manner, of fresh tumor samples into Matrigel (i.e., serving as a matrix) and a defined media which

promote stemness capacities in the tumor cells that adapt to these conditions. With regards to drug
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testing, the existing work with 3D cell lines provides a platform to test and validate our drug-
dosing protocol. While it has been established that there is variability in therapeutic response
across models (2D monolayers, 3D spheroids, 3D ex-vivo tumors, mouse xenograft models), the
3D cell culture work would allow us to target potentially relevant concentration ranges for
PDOs!46: 167 The drug testing results obtained provide starting concentration ranges and
confidence that ex-vivo drug response correlate with clinical response. We have established that
cells in ULAPs are less sensitive to the drugs than cells in flat-bottom plates, and thus, that the
more complex a system is, the less sensitive it is to drugs. Therefore, we hypothesize that higher
drug concentrations than the ones we used will potentially be required in PDOs to obtain a

clinically relevant response as PDOs are a more complex system than spheroidal structures formed

in ULAPs.

A protocol and media composition unique to our group to generate PDOs for ovarian cancer
have been developed. Protocols from different groups (the laboratory of Dr. Sarah Hill, the
laboratory of Dr. Lorenzo Ferri and from the published protocol of Dr. Nina Maenhoudt and Dr.
Hugo Vankelecom) were compared to establish the one to be used for PDOs generation!3% 168169,
A protocol adapted from the one Dr. Sarah Hill uses was developed and used for the first surgical
samples processed (Protocol 4.1 in Appendix)'*2. Media compositions from different laboratories
(the laboratory of Dr. Sarah Hill, the laboratory of Dr. Lorenzo Ferri and from the published
protocol of Dr. Nina Maenhoudt and Dr. Hugo Vankelecom) were also compared to determine the
best combination to use'*% 1319 A study found that BMP suppression by Noggin and high-Wnt
signalling activate the Wnt pathway leading to growth arrest of organoids!’’. Based on the results

of the study suggesting that growth conditions needed to achieve stable, long-term expansion of

HGSC organoids from primary tumor deposits require low-Wnt and no Noggin, we decided to not
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add Wnt and Noggin in the media. The components forming the media used are listed in the
“Suggested Plan” column in Table 4.1 in the Appendix and the media preparation steps, adapted

from the ones Dr. Sarah Hill uses, are listed in Protocol 4.2 in the Appendix'>2.

The laboratory of Dr. Lorenzo Ferri has successfully created 3D bioprinted models of
gastric adenocarcinoma cells and has demonstrated that drug responses of these models
recapitulate in-vivo patient drug response'’!. Julie Bérubé, who is part of the laboratory of Dr.
Lorenzo Ferri, generously shared her knowledge and expertise on organoids development with us.
I had the opportunity to watch her process fresh ovarian cancer samples and perform regular
organoids maintenance steps. PDOs derived from a biopsy and a resection sample were
successfully generated in the Ferri lab allowing me to gain experience on organoid generation and
management. The biopsy-derived PDOs stopped growing at the second passage and the resection-
derived PDOs stopped growing at the third passage. A possible explanation for the growth
cessation could be the use of Wnt and Noggin in the media as seen in Table 4.1 in Appendix, which
was not advised to be used in Hoffmann et al’s paper'’’. A picture of a PDO created in only 6 days
from a HGSC patient (Patient A) with both homologous recombination deficiency and an innate
resistance to PARPis can be found in Figure 3.1 below. A picture of PDOs created in only 5 days
from a resection sample from Patient B can be found in Figure 3.2 below. PDOs media change was
performed twice per week and passaging was performed every seven to ten days depending on the

growth of the organoids.

Patient A is 56-year-old patient with stage VB tubo-ovarian high-grade serous carcinoma. The
patient is homologous recombination deficiency positive and BRCA negative. She presented with
frequent abdominal bloating symptoms, new hot flash symptoms since menopause at 50 years old,

a palpable umbilical nodule, right inguinal “pinch” discomfort, bladder/abdominal pressure and
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frequent urination. CT scan was performed revealing a large pelvic mass of tubo-ovarian origin.
Distant metastases were also highly suspected. CA125 levels were significantly elevated at 1,222
U/mL. An omental biopsy and immunohistochemistry findings were compatible with a tubo-
ovarian high-grade serous carcinoma. Given the extent of disease, it was then recommended to
proceed with neoadjuvant chemotherapy and she was found to be eligible for the OPAL-C clinical
trial. The patient received one cycle of carboplatin/paclitaxel combination therapy. The overall
treatment was well tolerated and no symptoms were found during treatment. The patient was then
randomized to arm B where she received three cycles of neoadjuvant niraparib. Unfortunately,
imaging demonstrated progression of disease (i.e., “unexpected non-responder” given patient’s
homologous recombination deficiency status), the patient came off the clinical trial. The patient
had another omental biopsy done which was used for PDOs generation. Afterwards, the patient
received three additional cycles of neoadjuvant carboplatin/paclitaxel. CT scans showed decreased
disease burden. The patient then underwent interval debulking surgery after which pathology
revealed high-grade serous carcinoma of the left fallopian tube involving bilateral ovaries. The
patient’s CA125 levels were 180 U/mL compared to 1,200 U/mL when the patient came off the
clinical trial and more than 1,600 U/mL at diagnosis. It was then recommended that the patient

continues adjuvant carboplatin/paclitaxel and may need more than six cycles.

Patient B is a 40-year-old pre-menopausal patient with stage IIIC2 high grade endometrioid
ovarian cancer. Initially, the patient reported abdominal pain and bloating two years ago. All
investigations were negative at that time. However, the abdominal pain worsened, and the patient
began experiencing heavy menstrual bleeding, and thus, was assessed by gynecology. Ultrasound
showed an endometrial mass. The patient underwent a hysteroscopy after which pathology

revealed grade 1 endometrioid adenocarcinoma. The patient was referred to gynecology oncology
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for management. The CA125 level of the patient at the first clinic visit was 130 U/mL. Surgery
was strongly recommended because of the finding of either a metastatic endometrial cancer or a
synchronous ovarian and endometrial cancer. The patient underwent a debulking surgery from
which a resection sample was used for organoids generation (Fig.3.2). Final pathology confirmed
stage IIIC2 high grade endometrioid ovarian cancer. The patient was approached to enroll a clinical
trial and was randomized to the chemotherapy arm which receives carboplatin/paclitaxel for six
cycles. The patient received one cycle and had a hypersensitivity reaction to paclitaxel on the first
and second cycles. Patient was able to tolerate the rest of the infusions with pre-medications. The

patient completed the six cycles of carboplatin/paclitaxel.

Morphologic and immunohistochemical analyses were also performed on the tumor sample
of Patient A and the PDO generated from it (Fig.3.3). Comparison of the morphologic and
immunohistochemical parameters of the PDO and parent tumor to assess their degree of similarity
demonstrated concordance in staining of paired-box gene 8 (PAXS8), the estrogen receptor (ER),

p53, and Wilm’s tumor gene 1 (WT1). Imaging for Patient A can be found in Figure 3.4 below.

So far, one fresh surgical sample from Patient C and one from Patient D have been used
for organoid development by our group. The gynecology oncology team at the McGill University
Health Center has helped with the sample collection and analysis. Dr. Alicia Goyeneche, Benjamin
Forgie, Rewati Prakash and myself are part of the team that has contributed to the establishment
of the organoid protocol used and the generation of the PDOs in the lab. Organoids are currently
still growing and appear to be healthy, thereby suggesting that the protocol and media composition
used might be effective for ovarian cancer PDO generation. The success we obtained with the

organoids generated so far even after a first round of passaging may be a consequence of our
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decision to not add Wnt and Noggin in the media as suggested by the findings of Hoffinann et al'’°.

Pictures of PDOs generated by our group can be found in Figures 3.5 and 3.6 below.

Patient C is a 59-year-old patient with stage IIIC well-differentiated mucinous tubo-ovarian
carcinoma. The patient started menopause at age 52, stopped smoking five or more years ago and
has had no pregnancies. Initially, the patient had an incidental finding of left adnexal mass on CT
during the work-up for a bariatric surgery. The patient was then referred for an ultrasound which
showed a complex left adnexal mass around 13 cm in size, most likely consistent with mucinous
or serous cystadenocarcinoma. The patient was then referred to gynecology oncology. The patient
reported abdominal distension and discomfort as well as occasional urinary incontinence. The
CA125 level of the patient at the first clinic visit was 459 U/mL. The patient underwent surgical
debulking from which a sample was used for PDOs generation. The patient had disease remaining
in the omentum and sigmoid colon. The tumor was found to be a stage 3C well-differentiated
mucinous tubo-ovarian carcinoma with positive expression for PAX8 and negative expression for
ER and WTI1. P53 had a normal expression. Next-generation sequencing was requested by
pathology. The patient experience post-operative ileus but otherwise recovered well. The CA125
level of the patient was later 142 U/mL and the patient has started their first cycle of adjuvant

carboplatin/paclitaxel.

Patient D is a 50-year-old post-menopausal patient with stage IIIB high-grade serous tubo-
ovarian carcinoma. The patient had a history of pelvic pain which was consulted for in the
emergency room three years ago and an ultrasound at that time revealed a right ovarian cyst. The
patient was then lost to follow-up and represented only in April 2023. An ultrasound was done and
revealed that the cyst grew larger, and the tumor markers were elevated. The patient had an

abdomen-pelvis CT and was then referred to gynecology oncology. The patient presented with
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bilateral adnexal masses associated with a CA125 level at the first clinic visit of 7,921 U/mL. The
patient was consented for primary debulking surgery and had a complete surgical resection to no
visible residual disease. A tumor sample from the surgery was used for organoids generation.
Pathology revealed that the diagnosis is bilateral tubo-ovarian high-grade serous carcinoma.
Immunohistochemical tests showed tumor cells to be positive for WT1, PAX8 and ER. P53 had an
abnormal (overexpression) pattern. The CA125 level at the first clinic visit post-surgery was 186
U/mL. The patient was recommended to begin adjuvant chemotherapy with six cycles of
carboplatin/paclitaxel. The patient also consented for multi-gene panel testing and will do

homologous recombination deficiency testing.

The long-term goal of this part of the project is to establish a workflow for the development
of short-term HGSC PDOs that can be grown rapidly and tested with PARPis and other
therapeutics to inform the optimal front-line treatment to use in each patient. Unique to this process

to inform the personalization of front-line therapeutics for HGSC patients is the fact that PDOs

will be generated to test drug efficacies for each individual patient. Tumor tissue will be obtained

at two time points (untreated and at time of interval debulking surgery post-neoadjuvant therapy)
(Fig.3.7). Organoids will be developed at both time points and validated by H&E and
immunohistochemistry and compared to parent tumors. This will allow for correlation between
clinical drug response and prediction from ex-vivo organoid experiments. Comparison between
pre- and post-treated parent tumors and organoids will identify characteristics predictive of
treatment response. The fidelity of organoids will be compared to parent tumors based on
morphologic and immunohistochemical characteristics, and whole genome sequencing. Next
Generation Sequencing allows for parallel sequencing to analyze numerous genes simultaneously

in a single array with the potential to identify potentially targetable mutations to guide treatment!’*
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173 The sequencing results would provide insight into signatures predictive of treatment response
and differential profiles based on treatment received. This may clarify mechanisms associated with
both platinum and PARPI resistance as well as potential signatures of unexpected responders to
PARPi. If PDOs mirror the tumor they are derived from morphologically and cytologically and
exhibit a treatment response correlated with that observed clinically, this will allow for patient
specific analysis (i.e., precision medicine) of the most suitable frontline treatments within a short

time period compatible with decision-making and has potential to improve prognosis of patients.

In addition, it would not only allow for the treatment of organoids with different drugs to
determine which drug most effectively stops the cancer growth in the organoid from each patient,

but also for testing of newer drugs that are under evaluation for ovarian cancer”®.
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150um

Figure 3.1. A PDO derived from a biopsy of Patient A, whose disease progressed after three
cycles of PARPi in the upfront setting. The PDO shown is six days after sample collection. The
picture was taken at 20x magnification. Fresh tumor specimen obtained at time of biopsy was
dissociated mechanically and enzymatically, then embedded into single-cell suspension in
Matrigel. PDOs were grown in ovarian-specific medium at 37 °C, 5% CO2 and 95% relative

humidity.
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Figure 3.2. PDOs derived from a resection sample from Patient B. The PDOs shown are from

five days after sample collection. The pictures were taken at 10x magnification. Fresh tumor
specimen obtained at time of resection was dissociated mechanically and enzymatically, then
embedded into single-cell suspension in Matrigel. PDOs were grown in ovarian-specific medium

at 37 °C, 5% CO2 and 95% relative humidity.
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Figure 3.3. H&E and immunohistochemistry of Patient A who progressed on PARPi. Top and
bottom rows show organoid and parent tumor respectively, demonstrating concordance in staining

of PAXS8, ER, p53, and WT].
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Figure 3.4. Patient A pelvic CT scan imaging. Patient with upfront PARP1 before (left) and after
(right) three cycles of every 21 days treatment demonstrating minimal change in primary ovarian
tumor with development of ascites and progressive disease in other abdominal compartments.

Organoid and IHC shown in Figures 3.1 and 3.3 respectively corresponds to this patient.
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Figure 3.5. PDOs derived from a primary surgery of a patient (Patient C), who was treatment
naive. The PDOs shown are from eleven days after sample collection. The picture was taken at

10x magnification.
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Figure 3.6. A PDO derived from a primary surgery of a patient (Patient D), who was
treatment naive. The PDO shown is from six days after sample collection. The picture was taken

at 10x magnification.
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Fig. 3.7. Long-term goal of the organoid’s development project with clinical flow of patient
after initial diagnosis. Tumor tissue would be obtained at two time points (untreated and at time
of interval debulking surgery post-neoadjuvant therapy). Organoids will be developed at both time
points and validated by whole genome sequencing, H&E, and immunohistochemistry and
compared to parent tumors. This also allows for correlation between clinical drug response and
prediction from ex-vivo organoid experiments (red arrows). Furthermore, comparison of pre- and
post-treatment tumor and organoids will provide insight into molecular signatures which may be

predictive of response or resistance to therapy (blue arrows).
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Chapter 4.

Conclusions and Future Works
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The results obtained emphasize the idea that a more complex a model system may
recapitulate in-vivo conditions and therapeutic responses more closely. Therefore, although the 2D
culture system is a predominant preclinical method that can provide fast results, it may not
accurately reflect the magnitude of the in-vivo drug effect when compared to a more complex 3D
culture model. Overall, it has been reported that ovarian spheroids show morphological
resemblance to multicellular aggregates in cancer ascites!’*. Analysis of spheroid versus
monolayer ovarian cancer cells has demonstrated differences in the expression of several
biomarkers relevant to disease, which could alter the tumorigenic properties of the cells. Ovarian
cells in 3D culture have been found, in several studies, to be physiologically different from their
2D monolayer, suggesting that 3D growth is more informative in studying the properties of

epithelial ovarian cancer cell lines.

4.1 Additional Data and Further Explanation

For the drug testing experiments in 3D, the Live/Dead assay was also performed once.
PEOI, PEO4 and PEOG6 cells were plated in ULAPs with 5,000 cells per well. The same drug
concentrations, replicates and time points as for the drug testing experiments with the ATP
quantitation assay were used. A summary of the results obtained can be found in figure 4.1 below.
At 200 uM of carboplatin, no live (i.e., green) PEOI cells are visible, only dead (i.e., red) cells are
apparent compared to vehicle while live and dead PEO4 and PEOG cells are visible compared to
vehicle. The results provide further evidence that carboplatin has a greater effect on PEO1 cells
and a lower effect on PEO4 and PEOG cells, consistent with the platinum resistance which was

expected to develop over the course of the disease. In addition, the results demonstrate that the
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deaths caused by the drug exposures are occurring at the center of the spheroidal structures for

PEO1, PEO4 and PEOG6 cells and the three drugs.

The Live/Dead assay results in 3D showed that no dead cells were visible in the center of
the spheroidal structures seven days after plating in ULAPs for PEO1 and PEO4 cells and four and
seven days after plating for PEOG6 cells (Fig.2.2B). However, apoptotic cells were apparent at the
center of the spheroidal structures four and seven days after plating for all three cell lines as seen
in Figure 2.3B. We speculate that the dead cells are not shown by the Live/Dead assay, but only
by the CellEvent Caspase-3/7 assay because the apoptotic nuclei of dead cells are too small for
EthD-1 to stain and fluoresce while the caspase 3/7 activity in the apoptotic cells can still be

detected by the Caspase-3/7 Green Reagent.

4.2 Considerations Regarding the Use of ULAPs

Although the 3D cell culture technique used in this project for spheroids is used by many

researchers, it has its own limitations'*’

. When using ULAPs, careful consideration of what assays
should be used is crucial to limit manipulations of the spheroidal structures in the wells, and thus,
to avoid any external variables that could affect the results. If spheroidal structures are manipulated
extensively, it could have a potential negative effect on the results since multiple aspirations of
liquid from the wells and/or addition of reagents to the wells and/or accidental contacts between

pipette tips and spherical structures could disturb the structures and affect morphological cellular

behavior.
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4.3 Limitations and Future Works

A first limitation is understanding the trend obtained in proliferation levels in 3D. The
percentages of positive nuclear EAU indicate that the level of DNA synthesis in 2D of PEOL is
higher than that of PEO4, but do not significantly differ from that of PEO6. However, PEO1, PEO4
and PEOG cells are known to have different doubling times with PEO1 cells being the fastest and
PEOG cells the slowest to divide'®'. To validate or refute our hypothesis that the time spent in the
G2/M phase of the cell cycle, during which cell division occurs, could be longer for PEO4 and
PEOG6 than for PEO1, we could perform cell cycle analysis using flow cytometry and compare the
time spent by PEO1, PEO4 and PEOG6 in each phase of the cell cycle.

A second limitation is the growth of cells in 3D conditions without blood vessels which are
present in-vivo. This limitation might be overcome by the development of more complex models

adding endothelial cells or by applying the already existing organoid-on-a-chip model.
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Appendix

A) Carboplatin PEO1 PEO4 PEOG6

Vehicle

100 uM

200 uM

B) Paclitaxel PEO1 PEO4 PEO6

Vehicle

10 pM




C) Niraparib PEO1 PEO4 PEOG6

Vehicle

16 uM

Figure 4.1. Live/Dead assay results of PEO1, PEO4 and PEOG6 cells exposed to A)

carboplatin, B) paclitaxel and C) niraparib in ultra-low attachment round-bottom plates.

117



Published Protocol of Dr.Nina
Laboratory of Dr.Sarah Hill Laboratory of Dr.Lorenzo Ferri Maenhoudt and Dr.Hugo Suggested Plan
Vankelecom
Advanced DMEM/F12 X X X X
X x x
Antibiotic-Antimycotic L . (Penicillin + Streptomycin + o . X
(Penicillin + Streptomycin) L. . (Penicillin + Streptomycin)
Gentamicin + Normocin)
1X GlutaMAX Supplement X X X
HEPES X X X
R-spondin 1 X X X
Noggin X X X
FGF2 X
S$B202190 X X X
A 83-01 X X X X
EGF X X X X
FGF10 X X X
Prostaglandin E2 X X X
N-Acetyl-L-cysteine X X X X
Nicotinamide X X X X
X
B27 Supplement X X ) L X
(B27 minus vitamin A)
Determined to be unnecessa
Y-27632 dihydrochloride B} ry X X
for culture maintenance
Recombinant Human FGF
. . X
basic/FGF2/bFGF Protein
Forskolin
X
-Estradiol
B (17-B Estradiol)
N-2 Supplement X
SB431542 hydrate
Human Recombinant BMP-2
L-glutamine X
SB203580 X
IGF1 X
HGF X
NRG1 X
FGF7 X
wnt X

Table 4.1. Comparison of media mixtures used by different groups for ovarian cancer

patient-derived organoids generation.
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1. Sample will be stored/transferred in base media on ice.

2. Divide sample into three sections, one will be for cryopreservation, one will be fixed for
histological analysis, and one will be used for organoids generation.

3. When ready to begin, thaw at least one aliquot of 60 uL 50 000X, type II collagenase per 1-2
square cm of tumour. Add 50 uL to 5 mL base culture medium.

4. Dice the tumour to pieces of 2 mm or less using a scalpel. Then take the butt of a 10 mL
syringe and crush the tumour as possible. You do not want solid pieces. You want as much
mechanical disruption as possible.

5. Add up to 2 square cm of tumour tissue to 10 mL of base culture media with collagenase
already added. Place the tube horizontally in the 37 °C shaker and shake for no longer than 30
minutes.

6. Dilute this homogenate 1:1 with base culture media, and filter through a 70 uM filter.

7. Spin the cell suspension at 300 xg for 5 min to create a pellet.

8. Wash with 1X red blood cell lysis buffer (900 pL base media: 100 pL 10X buffer) two to
three times, and then wash once with base culture media. Count the viable cells.

9. Pellet the cells and mix the cell pellet with growth factor reduced Matrigel, such that there are
approximately 10,000 or more cells per 10 pL droplet of Matrigel.
10. Rapidly plate the suspense into a 48-well plate with 15 pL of suspension per well located in

the center of the well as a small, raised sphere.
11. Once done plating, place the plate at 37 °C for 2 minutes to let the Matrigel solidify.
12. Add 250 pL DR+++ media per well. Add media or PBS to the empty surrounding wells to
prevent evaporation.

13. Ideally, the media should be changed every 3-4 days.
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14. Once the organoids become confluent, you will need to split them. This is best done at 1:1.5
or 1:2.

15. To passage, scape the organoids and Matrigel out of the well along with the media, pipet into
a 50 mL conical, and vigorously pipet. You want to break up the organoids to smaller clumps
(NOT SINGLE CELLS). Alternatively, you can add 1mL of TYRPLE per 4 wells of
organoids, incubate at 37 °C for 3 minutes, and then vigorously pipet until you don’t see
clumps any more. In either case, spin for 3 min at 3000 RPM, aspirate the media, and place on
ice.

16. Add enough Matrigel to allow for a 1:1.5 — 1:2 split. Mix well. Add 15 pL of suspension per

well in a 48 well plate. Let solidify as above. Add 250 pL DR+++ media per well.

Protocol 4.1. Protocol developed and used for the first surgical samples processed by our

group. Adapted from the protocol used by Dr.Sarah Hill.
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Make 50 mL aliquots of media. Store them at 4 degrees for up to one week. Once per week,
make fresh dilutions of the following growth factors in base media to make the final media:
e SB202190-Dilute 40 pL stock solution in 80 uL base media for a 1:3 dilution
e A 83-01-Dilute 4 pL stock solution in 196 pL base media for a 1:50 dilution
e FGF10-Dilute 20 pL of stock solution in 80 puL base media for a 1:5 dilution
e EGF-Dilute 20 pL stock solution in 180 pL base media for a 1:10 dilution

e Prostaglandin E2-Dilute 20 pL stock solution in 180 pL base media for a 1:10 dilution

To make 50 mL of DR+++ media, add the following to 50mL of base media:
e 50 uL FGF2/FGF basic stock solution
e 50 pL SB202190 1:3 dilution
e 50uL A 83-01 1:50 dilution
e 50 uL EGF 1:10 dilution
e 50 pL FGF10 1:50 dilution
e 50 pL Prostaglandin E2 1:10 dilution
e 125 puL N-Acetylcysteine stock solution
e 500 pL Nicotinamide stock solution

e 1000 uL B27 stock solution

Protocol 4.2. Media preparation steps used for the first surgical samples processed by our

group. Adapted from the media preparation steps used by Dr.Sarah Hill.
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