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ABSTRACT

Patients with epithelial ovarian cancer (EOC) have experienced little improvement in overall
survival, despite short term good response to standard treatments. The development of target
therapies did not revolutionize EOC treatment, as only targeted anti-PARP1 therapies has
shown effectiveness in EOC subgroups . Genomic analysis of EOC samples have
demonstrated a profound genetic instability with a great number of copy number alterations
(CNAs) #5. Conversely, EOC is characterized by few recurrent mutations and the so-called
“long tail” distribution of low-frequency mutations in cancer-related genes. The role of these
infrequent mutations in EOC is still unclear and needs to be investigated *°.

In order to validate low frequency mutations as biomarkers for target therapy, we used
patient derived models. We have developed a patient-derived xenograft (PDX) platform
collecting and implanting EOCs samples in NOD/shi-scid/IL-2R ynull mice and from a number
of PDX lines we derived short term cultures (PDX Derived Tumor Cells, PDTCs). All PDX lines
were characterized using targeted NGS and immunohistochemistry. Subsequently WES and
CNA analyses were performed on 12 PDX lines derived from naive high-grade serous (HGS)-
EOCs, which are the most frequent and lethal EOCs. Using bioinformatics tools, we found a
possible driver mutation in the PIK3R1 gene in one line (#475), which resulted in activation of
the PIBK pathway. PIK3R1 "6R had an allele frequency in both passages PDX and the source
tumor that suggested its possible role as a trunk mutation. The functional relevance of this
mutation was investigated using PDTCs for ex-vivo drugs screening of a number of inhibitors
of the PIBK/AKT/mTOR pathway. Once tested on PDTC lines, the most promising drug was
tested in vivo in the #475 PDX line. Data demonstrated that Patient Derived models are
invaluable tools to unveil actionable pathways for the treatment of advanced/metastatic HGS-

EOC.
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1. INTRODUCTION

1.1 Ovarian Cancer

Ovarian cancer (OC) is the seventh most commonly diagnosed cancer among women in the
world and the fourth commonest cause of gynecological cancer-associated death 7%. Among the
risk factors related with the occurrence of OC there are ageing, with a peak around 50-60 year,
and numbers of ovulations, whereas parity reduces risk °.

The main cause of the OC high mortality is delayed diagnosis: approximately 70% of cases are
diagnosed at advanced stage, when cancer has invaded tissues beyond ovaries and the
peritoneal cavity 1011,

Almost the totality of both benign and malignant ovarian neoplasms derive from one of the
three main cell subtypes in ovaries: Germ cells 2-3%, Specialized gonadal stromal cells 5-6%
and Epithelial cells 90% 1213 .

Epithelial ovarian cancer (EOC) is the most common and the most lethal ovarian cancer type.
It is a heterogeneous disease with five major histologic subtypes: serous (60-70%), endometroid
(10-20%), mucinous (5-20%), clear cells (3-10%) and undifferentiated (1%), which differ for cell
of origins, clinic-pathologic features, treatment response and genetic- molecular characteristics
714,

Historically, pathologists classified ovarian cancers based on microscopic aspects, assuming
that all epithelial ovarian carcinomas developed from the ovarian surface epithelium: primarily
because the bigger masses were often found in the ovaries and secondly because precursor
lesions were scarce and hard to identify 5. The comprehension of the dynamics of
pathogenesis has a great importance in the era of personalized medicine in order to find the
best fitting therapeutic approach. This explains why lot of efforts have been made in the study

of ovarian carcinogenesis by clinicians and researchers.



In the last two decades, the introduction of molecular biology and new methodologies for tissue
sampling revolutionized the EOC knowledge, especially regarding tumor onset.

In 2004 Kurman and Shih in order to better classify and understand the pathogenesis of EOC
proposed the “Dualistic model of ovarian carcinogenesis” [4]. This model has been supported
by several studies 7. In particular, the “Dualistic model” aims at: 1) unraveling of the
molecular genetic pathways involved in the pathogenesis of primary ovarian carcinoma; 2)
finding a correlation between these pathways and the histopathologic classification. Following
this model, the diverse types of EOC should not be classified only for their morphology but
also for their molecular and genetic characteristics #%.

In 2014 the World Health Organization (WHO) recognized the “Dualistic model” and updated
the histopathologic classification of ovarian tumors, highlighting specific characteristics for
each subtype ?. Therefore, based on histopathology and molecular-genetic alterations, EOC is
currently regarded as a disease composed by the aforementioned five histologic subtypes,
which are in turn divided in two broad categories: type I and type II. The main difference
between the two types is the striking genetic instability of type Il EOC compared to type I. Type
I tumors include clear cell carcinomas, low grade endometroid, low grade serous, mucinous
carcinomas and Brenner tumors. At diagnosis, these tumors may be large, but generally
unilateral, indolent and confined in the ovary. Type II ovarian cancers include high grade
serous carcinoma, malignant mixed mesodermal tumors (carcinosarcomas) and
undifferentiated carcinomas. Their behavior is aggressive with a rapid progression and high
invasiveness. At diagnosis, type II EOCs are generally in late stage, frequently involve both
ovaries and as a consequence are associated with a low survival rate. Women with type 1II
tumors often have also an extensive extra-ovarian disease with ascites and metastasis derived
from dissemination of tumor cells into the peritoneum. From a genetic point of view, in
addition to the previously mentioned genetic instability, the majority of these tumors are
characterized by the inactivation of TP53 21417, Both Type I and Type II have been proposed to
have an extra-ovarian origin. In particular, clear cell and mucinous EOC are supposed to derive
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from an endometrial stem cell, and likely associated to endometriosis; high-grade serous

carcinomas are thought to originate from fallopian tube epithelium 1%15171830 (Fig 1.1).
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Figl.1: Dualistic model for epithelial ovarian cancers. Adapted from: Kurman R.J. and Shih I. 2016 7

In addition to the TP53 mutations, in type II tumors germline or somatic molecular alterations
in BRCA1/2 genes are quite common, with a reported occurrence of 20-40% in HGS-EOCs 1214,
Indeed, among the several risk factors for ovarian cancer -such as: diet, parity and lactation-
the strongest one is a family history of breast or ovarian cancer and the presence of germline
mutations in BRCA1 and BRCA2. The latter expose women to a lifetime risk of 30-50% to
develop OC 43132, BRCA1/2 are both tumor suppressor genes encoding for proteins involved in
the homologous recombination (HR) process 3. Inactivation of BRCA1/2 genes usually occurs
by mutations in the gene sequence or by promoter methylation '. The development of genetic
screening methods is providing important tools to anticipate the diagnosis in high risk
individuals. Currently, the possibility to detect somatic or germline alterations in BRCA1/2
genes in ovarian or breast cancer has proven to be effective not only in primary (healthy
lifestyle) and secondary (early diagnosis) prevention of ovarian cancer, but also to apply

molecular targeted therapies (see below) 12
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1.2 High Grade Serous Ovarian Cancer (HGS-EOC)

Among the epithelial ovarian cancer subtypes, high grade serous carcinoma (HGS-EOC) is the
most common, accounting roughly for 60-70% of EOC cases [7]. This tumor type is mostly
associated with a bad prognosis due to its high aggressiveness and relapse after treatment, with
a 5-year survival rate of about 30-40% 21>%. The main cause of the high lethality is the diagnosis
at late stage when tumor has already spread in peritoneal cavity. Indeed, the disease diagnosed
at early stages, when it is only locally spread, has a 5-year relative survival rate of 93% 2.
From a morphological point of view, H&E staining of HGS-EOC tissue sections shows solid
masses of cells with slit-like fenestrations; tumor cells have an intermediate size,
hyperchromatic and pleomorphic giant nuclei and prominent eosinophilic nucleoli 1172%%, After
Ki67 staining, these cells usually show a high mitotic index with many and partly atypical
mitoses .
Besides genetic alterations, a panel of markers are used in immunohistochemistry to
distinguish HGS-EOC from other ovarian cancer subtypes 141617, as follows:
- P53, that is encoded by the TP53 tumor suppressor gene involved in cell cycle
progression and proliferation. About 96% of HGS-EOCs carry TP53 mutation.
Nearly all HGS-EOC cells have a strong positive staining for p53 protein due to
gene missense mutations. Indeed, most mutations cause the production of an
aberrant protein which is not recognized by the proteasome and accumulates in
cells 12172, The occurrence of nonsense mutations in TP53 sequence has also been
reported in cases where protein staining in tumors is almost totally negative 7.
Since TP53 inactivation occurs in the majority of HGS-EOC:s it could be one of the
earliest event in carcinogenesis, suggesting that TP53 disruption could play the

role of a trunk mutation in HGS-EOC 13334,
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Wilms' tumor protein (WT1) is a transcription factor involved in the development
of urogenital system. It has been reported that WT1 is overexpressed in several
malignancies such as breast and ovarian cancers 173033,

Cytokeratin 7 (CK7) is an epithelial marker, which is expressed in healthy and
tumor cells of epithelial origin .

Paired-box gene 8 (PAX8) is a member of the PAX family of transcription factors.
PAXS is involved in the embryological development of several tissues such as the
Miillerian systems, but more interestingly it is implicated in the regulation of WT1
expression. In ovarian cancer and in others cells of Miillerian origin, PAXS is
expressed at high level 34,

P16 is a protein encoded by the CDKN2A tumor suppressor gene. The p16 protein
performs an important role in cell cycle regulation by decelerating cell progression
from GI to S phase. Approximately 60%—-80% of HGS-EOCs show diffuse p16
staining 4=,

P63 is a p53 homologue gene, encoding different transcripts that may display
diverse effects on p53 activation and apoptosis. Some studies have shown that p63
expression may occur in serous carcinomas of the ovary bound to undergo

malignant progression 4,

Mutations in Breast Related Cancer Antigens 1/2 (BRCA1/2) genes, as previously described, are

used as genetic HGS-EOC markers. The IHC detection of the loss of either protein has given

conflicting results and is not routinely assayed ¥. The majority of HGS-EOCs phenotypically

resemble the architecture of fallopian tubes epithelium surface. However, there are some rare

cases that morphologically relate with other EOCs subtypes. Albeit the expression markers of

these HGS-EOCs are comparable to that of “classic” HGS-EOCs, phenotypically they display

many areas with the aspect of endometroid or transitional cell carcinomas ', The

phenotypical differences of this subset of HGS-EOCs arose many perplexities about the origin

of high grade serous carcinomas. In order to highlight the differences between the two HGS-
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EOC types, researchers refer to this alternative kind of HGS-EOCs as “SET”: solid pseudo-
endometrioid and/or transitional carcinomas 222,

As already mentioned, in the past the ovary surface epithelium (OSE) was regarded as
the tissue precursor of all epithelial ovarian tumors. It was speculated that the constant cycle
of repairs and regenerations of OSE, as a result of ovulation, was at the base of HGS-EOCs
onset. The ovulatory process creates invaginations in OSE, forming cortical inclusion cysts
(CICs). According to this hypothesis in the pro-inflammatory and pro-oxidative environment
of ovaries, CICs could act as precancerous lesions *. Two decades ago, Piek and coworkers
described the presence of small areas of dysplastic lesions in distal fallopian tubes of women
with BRCA1 or BRCA2 mutations ¥. This evidence laid the groundwork for the formulation of
a new hypothesis according to which HGS-EOCs derive from early lesions called serous tubal
intraepithelial carcinomas (STICs) 218122, The presence in STICs and in the corresponding HGSs
of the identical TP53 mutation and copy number gain in CCNE, provided some evidence
supporting this hypothesis 33051, STICs can be identified in *50% of HGSs in advanced stages
and in up to 80% of early stage but not in all HGS-EOCs cases 2.

In 2011 The cancer genome atlas (TCGA) showed whole exome sequencing (WES) of 316
tissue samples of HGS-EOC patients, providing a milestone in understanding the genetic of
this kind of tumor * In TCGA the genetic landscape of HGS-EOCs is characterized by a
profound genetic instability, associated to inactivation of TP53, which occurs in 96% of cases,
and of HR-related proteins 2. BRCA1 mutations affect 12.5% of HGS-EOCs (9% germline and
3.5% somatic mutations), while BRCA2 mutations were found in 11.5% (8% germline and 3.3%
somatic mutations). Interestingly, besides the above described mutations, in HGS-EOCs only a
handful of other cancer genes are altered at high frequency. Most putative cancer-related genes
have been found mutated at much lower frequency (=1%) showing the so called “long-tail”
distribution (Fig 1.2) *. The role in carcinogenesis of the genes located in this tail of distribution
is still unclear 2. The TCGA screening has also shown that rather than specific recurrent
mutations, the genomic instability of HGS-EOCs results in a substantial alteration in gene copy
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number. For example, amplifications have been found in genes such as CCNE1, PIK3CA and
MYC1.
In summary, the presence of the “long tail” in mutation distribution underlines the increasing

need for the identification of new oncogenic drivers exploitable as therapeutic targets for HGS-

EOC treatment 3°.
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Fig 1.2: Long tail distribution of cancer-related genes in ovarian cancer. Data reported by TCGA show that in
ovarian cancer only a handful of cancer related genes is mutated at high frequency, whereas the great part is
mutated at much lower frequency (=1%). In the inset: graph with the first 25 genes in the list of cancer-related
genes mutated in ovarian cancer. Graphs are obtained from TCGA data elaboration °.

1.3 Ovarian Cancer Therapeutic Strategies

The primary treatment for women with newly diagnosed ovarian cancer is cytoreductive, also
known as “debulking” surgery, which is used as therapeutic approach but is also necessary,

when possible, for histopathological diagnosis and tumor staging.
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The main goal of the surgical approach is to achieve removal of all visible tumor mass(es) 2%.
Patients with an advanced stage of HGS-EOC have less probabilities of surgical complete
debulking, due to tumor dissemination in peritoneal cavity and to the formation of metastatic
foci L.

The level of primary cytoreduction achieved is the most important prognostic factor,
influencing both progression-free survival (PFS) and overall survival (OS) of patients %.
Generally, the surgical approach is satisfying when the residual disease (RD) is less than 1 cm.
After surgery, patients with Stage IIb or higher disease level are treated with adjuvant
chemotherapy consisting in the administration of Carboplatin alone or in combination with
Paclitaxel 2. Patients not suitable for a complete cytoreduction at presentation are treated with
3-6 cycles of neo-adjuvant chemotherapy in order to reduce tumor size, also consisting in
platinum-based chemotherapy alone or in combination with paclitaxel %,

The carboplatin-paclitaxel combination has been the standard of care for ovarian cancers
treatment for the last 20 years. Alternatives to this approach have been extensively studied, but
no chemotherapeutic regimen has been conclusively demonstrated as being superior 2. With
the advances in target therapy, in 2011 the administration of Bevacizumab in the first line
chemotherapy regimens has been approved. Bevacizumab is a humanized antibody anti VEGEF-
A and together with carboplatin-paclitaxel combination seems to improve PFS, as shown by
two different clinical trials: GOG218 and ICON7 5%,

Although more that 70% of patients with advanced disease positively respond to first-
line treatment, approximately 80% undergo relapse. When platinum-free interval (PFI), i.e. the
time lapse between the initial response to chemotherapy and the appearance of relapse, is equal
or greater than 6-12 months, tumors are regarded as platinum partially sensitive or platinum-
sensitive, respectively. Conversely when PFI is shorter than 6 months tumors are considered
platinum-refractories *.

The second-line treatment of relapsing HGS-EOCs is mainly based on the platinum response
during the first line treatment and on the entity of relapsing disease 2. Despite rare exceptions,
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recurrent ovarian cancers are generally incurable. Thus the main goals of the second-line
treatment are to prolong the survival, improve the quality of life, and postpone disease
progression and symptoms manifestation %%,
For platinum-sensitive tumors the second-line treatment would be again platinum-based
chemotherapy, alone or in combination with other agents, albeit there is a progressively
decrease in PFS for every administration of chemotherapy. Many trials have shown that the
combination of platinum-based chemotherapy with paclitaxel, gemcitabine, trabectedin,
pegylated liposomal doxorubicin and bevacizumab improves outcomes compared with the
single agent. 259 After treatment with several cycles of platinum-based chemotherapy,
acquired resistance phenomena can occur, causing the failure in treatment response of tumors
that were previously platinum-sensitive 2%. Acquired resistance is an issue of the majority of
cancer types and is widely studied by researchers. Regarding HGS-EOCs it has been supposed
that the main cause of acquired resistance could be its heterogeneity. In particular, according
to the hypothesis of the evolutionary nature of cancers, in each tumor there are multiple cell
populations with different genetic traits. These cell subsets evolve over time, following a
pattern of Darwinian evolution. In this context chemotherapy can act as a selective pressure
event, killing some cell subpopulations but favoring at the same time the increase of others ¢~
63

In platinum-refractory patients the second-line therapy consists in Bevacizumab
administration in combination with paclitaxel, pegylated liposomal doxorubicin or topotecan.
Moreover, other single agents that can be used in platinum-refractory cases are gemcitabine,
trabectedin and etoposide. However, in platinum-refractory patients the overall average
response to these therapies is quite poor accounting only about 10-15% with a PFS of 3-4
months 2%,
Unlike other cancer types the development of target therapies did not completely change the
therapeutic approach in ovarian cancer; this is mainly caused by the molecular and genetic
features of this cancer type. In particular, as already described, in HGS-EOC there are few
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recurrent mutations in cancer-related genes. The majority of mutations have a low frequency
and their possibility to be actionable is still undergoing investigations 2%. The most important
targeted approach regards a class of compounds known as Poly(ADP-ribose) polymerase
(PARP) inhibitors. PARP1 and PARP2 are enzymes involved in DNA single-strand break
(SSBs) .

The mechanism of action of PARP inhibitors (PARPi) is based on the principle of synthetic
lethality (Fig 1.3): the loss of function in one gene can be tolerated by cells but could be lethal
when combined with the loss of an additional gene product or pathway ¢. PARP inhibitors
block the catalytic activity of PARP preventing repair of SSBs and leading to the development
of DSBs at the replication fork, which are toxic for cells ¢. In cells in which there is already the
inactivation of one mechanism of DNA damage repair such as HR, the additional inhibition of
PARP results in a block of DNA replication followed by apoptosis 164,

As mentioned above, HGS-EOC is characterized by a widespread genomic instability and the
majority of patients possess some deficiency in DNA repair pathways (somatic or germline),
especially in proteins involved in HR such as BRCA1/2. In this context PARP inhibitors were
expected to be highly effective . The first PARP inhibitor tested on patients was Olaparib.
Many trials have been carried out on patients with BRCA1/2 mutation (somatic or germline) to
explore the therapeutic potential of Olaparib alone or in combination with chemotherapy 866
71, Given the significant improvement in PFS, Olaparib was approved for treatment or
maintenance therapy in BRCA mutant patients, with platinum-sensitive recurrent HGS-EOC,
who have already positively responded to platinum 1211556,

The high genomic instability of HGS-EOCs, even in the absence of BRCA1/2 mutation, has
brought the scientists to speculate on the possibility to use PARPi also on patients with
BRCA1/2 wild-type. The promising results of several trials prompted the recent approval of
two others PARPi: Niraparib and Rucaparib, also for the treatment of BRCA wild-type HGS-
EOC patients, with platinum-sensitive recurrent tumors 7>7. Like for platinum-based
chemotherapy, even during PARP inhibitors treatment acquired resistance may occur. The
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mechanism underlying the appearance of resistance can again involve the heterogeneity of
HGS-EOC. As described above, in a context of several clonal subpopulations genetically and
molecularly different, pharmacologic treatment with PARPi could act as a selection agent,
favoring the spread of clonal subpopulations which are not PARPi sensitive 31158566466,
Moreover, the occurrence of a secondary somatic mutations that restore BRCA1/2 in
carcinomas from women with germline BRCA1/2 mutations affects PARPi response 7.

Besides PARPi, another group of drugs has been explored for application in ovarian cancer
therapy: the immune check-point inhibitors. In recent years the application of immunotherapy
approaches has shown promising results in the treatment of different tumor types. However,
in ovarian cancer the therapeutic application of this drug category has progressed slowly. In
2008 Tothill and coworkers, proposed the stratification of high grade serous ovarian cancers in
five clusters (C1-C5) 7. This classification is based on the expression of specific markers and
correlates molecular and genetic features with patient outcome. Particularly, cluster C2 is
characterized by a high number of tumor infiltrating CD3* T-lymphocyte and by a gene-
expression signature with the up-regulation of many genes involved in immune cells
activation. This phenotype has been called immunoreactive and is regarded a positive
prognostic factor for the high 5-years survival rate. Given the elevated number of immune cells
in tumors, it has been hypothesized that patients with immunoreactive phenotype could take
advantages by treatment with immune check-point blockade. Currently, many trials are
ongoing in order to explore the possibilities to use anti PD-1/PD-L1 and anti CTLA-4 agents
alone or in combination with PARPi or chemotherapy for ovarian cancers treatment. Though
the many efforts aimed in this field no immune check-point inhibitor has yet been approved

for the use in clinic 117578,
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Fig 1.3: Schematic representation of synthetic lethality. (A) Normal cell, after SSBs and DSBs, DNA repair
machineries repair damages restoring genomic integrity; (B) Tumor cell HR proficient, inhibition of BER exerted
by PARPi does not affect genomic integrity; (C) After LOH occurrence in BRCA1/2 and under the effect of PARPj,
tumor cells HR deficient are not able to repair DNA damages and undergo apoptosis led by synthetic lethality.

1.4 Ovarian Cancer Models

The therapeutic approaches to ovarian cancer (as highlighted in the paragraph 1.3) are mainly
based on cytoreductive surgery and platinum-taxane chemotherapy. The introduction of target
therapy has modestly ameliorated patients” outcome. Moreover, the presence of the “long tail”
of somatic mutations of unknown significance, did not allow the application of target therapies,

which are currently limited to the use of PARPi and anti-VEGF agents (for references see
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paragraph 1.3). Therefore, the identification of oncogenic drivers is essential to extend the list
of available therapeutic options.

For efficient drug discovery, experimental preclinical models which accurately mimic
biological properties of in vivo human tumors are required. In this context, in vitro and in vivo
patient-derived models have assumed a great importance in predicting patients’” drug response
(for a review see 7).

For many years in preclinical studies cancer cell lines represented the standard start-

point for drug discovery process. More than 50 cell lines derived from ovarian cancers are
currently available for research. Unfortunately, results of several studies have suggested that
the most widely used cell lines do not correctly represent HSG-EOCs. In particular, the
comparison of the genetic and molecular profiles between established cell lines and HGS-EOC
tumors have shown that the majority of the commercially available ones do not represent HGS-
EOCs 802,
In this scenario, patient-derived models take on greater importance, especially because they
represent for researchers the chance to work in an experimental context as similar as possible
to that the human disease (for a review see 7). In this thesis section patient-derived models are
briefly described in their pros and cons, focusing on patient derived xenografts used in the
presented experimental work.

Patient-derived xenografts (PDXs) of ovarian cancer can be obtained by the engraftment
of human pieces of tumor (surgical resections or biopsy samples) or by injection of ascites or
pleural fluid in immunocompromised mice. The engraftment can be orthotopic (in the ovary
of mice) or heterotopic. The latter is mostly performed by sample engraftment in the flank of
mice subcutaneously, or by the inoculation in peritoneal cavity %. The use of PDXs provide
several advantages in preclinical research. First of all, they retain the principal histologic and
genetic characteristics of their donor tumors, maintaining the heterogeneity of the samples
along serial passages. Moreover, a high correlation between therapeutic efficacy in PDXs model
and patient drug response it has been also shown, placing PDXs as reliable and reproducible
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experimental models #-%. Unlike other cancer types, the derivation of PDXs from ovarian
cancer has a longer time of latency and a lower take rate (roughly of 30%) 8. A great limitation
of this preclinical model consists in the loss of human stroma along passages, that is replaced
by murine stroma possibly altering tumor microenvironment .

Patient-derived tumor cells could represent an important tool, especially for functional
assays %2, Primary cultures can be obtained by direct digestion of human samples. Although
in several studies these models have shown a good correlation in their drug response compared
to the correspondent patient’s tumor, they remain a limitedly exploited model. There are
several issues. First of all, the low efficiency of the establishment protocols and the difficulties
in finding the right culture medium, the loss of tumor stroma along passages. Moreover, with
the exceptions of rare cases in which the primary cultures are immortalized, another great
limitation is that primary cells incur rapidly in multiplicative senescence, so they should be
used as short-term cultures . In this work, I will show the use and the characteristics of PDX
derived tumor cells (PDTCs) obtained by digestion of a PDX derived tumor piece *.

Unlike the other cancer types, only recently 3D models for ovarian cancer studies have
been developed. These are patient-derived ascitic spheroids (PDASs), patient-derived tumor
organoids (PDTOs) and other 3D organotypic models (for a review see 7).

Spheroids are sphere-like aggregates of cells, which are cultured as floating 3D
structures and used for genetic and molecular studies but also for in vitro drug testing. As
already described in the paragraph 1.1, in advanced stages of HGS-EOCs, tumor cells invade
peritoneum and disseminate as malignant ascites fluid. In ascites, tumor cells can aggregate
between each other but also with other cell subtypes, as immune cells and fibroblasts, forming
highly heterogeneous 3D structures. After paracentesis or thoracentesis, ascites or pleural
effusion, respectively, can be cultured and the PDASs can be used as a preclinical model to
study dynamics of advanced stages of HGS-EOCs. More importantly, it has been hypothesized
that these cell aggregates in ascites play the role of metastatic units, which can also be
responsible for disease recurrence and therapy resistance. Due to their direct patient’s
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derivation, spheroids might retain molecular and genetic characteristics of source tumors.
Overall, the greatest advantage of PDASs is that they form or detach spontaneously and
preserve also tumor microenvironmental cells .

Only a few studies have documented the development of organoid platforms for ovarian
cancer similar to those developed from other cancer histotypes. D’Andrea’s and Clevers’
groups were the first to use this model in preclinical research °7%. Patient-derived tumor
organoids (PDTOs) can be generated from single tumor cells or small pieces of tumors directly
from patients. In both instances, PDTOs consisted of only tumor epithelial cells cultured and
propagated as 3D structures in growth factor-enriched media. PDTOs have been used to study
the molecular and genetic characteristics of tumors and are envisaged as a model to predict
clinical response of patients to drugs. However, they lack tumor stroma and immune
microenvironment which is a limitation (for a review see 7).

Another 3D model used in ovarian cancer research is the one proposed by Jenkins and
co-workers, i.e. an organotypic tumor model obtained by growing tumor fragments directly
derived from patients in microfluidic cells *. These 3D cultures recap the molecular and genetic
features of correspondent tumors and show the presence of tumor microenvironment, possibly
solving a critical issue in tumor biology studies but also in the evaluation of drug response. In
their studies Jenkins and colleagues exploited this model to examine the mechanisms
underlying attachment and invasion of ovarian cancer and also the tumor response to immune-

checkpoint inhibitors */1%.

1.5 PI3K as an Actionable Target in Cancer

Phosphatidylinositol 3-kinases (PI3Ks) are a family of lipid kinases that integrate signals from
growth factors, cytokines and other environmental cues, translating them into intracellular
signals that regulate multiple signaling pathways (for reviews see :-1%¢), PI3Ks family were
described for the first time in 1988 by Cantley and co-workers, who identified a group of
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proteins responsible for the phosphorylation of phosphatidylinositol (PtdIns), making an
active metabolite with the role of second-messenger in cells 1°1021%4, PI3K was mostly regarded
as an enzyme associated with tyrosine kinases receptors (RTKs). Evidence collected afterward,
made clearer the role of this group of proteins as important mediators in several cell processes
including cell proliferation, migration, differentiation and metabolism, paving the way for
subsequent studies aimed to improve the knowledge of the PI3K family %1%, Nowadays much
more insights have been achieved on the PI3K pathway (Fig 1.4) and on its implications in
human pathologies. It comes as no surprises that drug discovery research is extensively
engaged on the study of PI3K pathway and on its inhibition using target therapy (for reviews
see 107-110),

According to their structural characteristics and substrate specificity in human cells
PI3Ks are divided in three classes: Class I PI3Ks, class II PI3K-C2 kinases and class III 1,
Class I PI3K are heterodimeric molecules composed of a regulatory subunit and a catalytic one.
The latter acts in the enzymatic transformation of PtdIns(4,5)P2 in PtdIns(3,4,5)P3, whereas the
regulatory subunit interacts with and regulates the catalytic subunit. Relatively little is known
about class II PI3Ks. These proteins consist of monomeric lipid kinases without a regulatory
subunit. The preferred substrate of this class is PtdIns(4)P, which is converted in PtdIns(3,4)P2.
The physiological role of class II PI3Ks is not fully understood, but it seems that they are
important in diverse cellular contexts, including primary cilium formation and functions,
migration, recycling, and metabolic pathways activation . Class III PI3Ks consist of a single
catalytic subunit VPS34 which converts the PtdIns in PtdIns(3)P, an important second
messenger involved in intracellular trafficking and autophagy '®.

Among the three different classes of PI3Ks the most studied is class I. Based on the activating
receptor type, class I PI3Ks are further divided in:
Class IA activated by receptors tyrosine kinases (RTKs), G protein-coupled
receptors (GPCRs) and small G protein
Class IB exclusively activated by GPCRs
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Classes IA and IB differ from each other for the isoforms of regulatory and catalytic subunit
composing the heterodimer. Class IA regulatory subunits can be p85a (and its splicing variants
p55a and p50a), p85B and p55y, encoded by PIK3R1, PIK3R2 and PIK3R3 genes, respectively.
The catalytic subunits can be p110«a, p110p (which are ubiquitously expressed) and p1100
(more abundant in hematopoietic cells), encoded by PIK3CA PIK3CB and PIK3CD genes,
respectively. Class IB is composed by only one isoform of catalytic subunit p110y encoded by
PIK3CG gene -mainly expressed in immune cells— and three possible regulatory subunits p101,
p84 and p87 (encoded by PIK3R5 and PIK3R6). The latter directly interact with the Gy subunit
of trimeric G protein, leading the activation of the catalytic subunit 103105107-105112,

The mechanism of action of class I PI3Ks is a multistep process which starts with the
activation of cell surface receptors. In the absence of activating signals, p85 interacts with p110
and inhibits p110 kinase activity. Following RTKs or GPCRs activation, class I PI3Ks are
recruited to the plasma membrane, where p85 inhibition of p110 is relieved and p110
phosphorylates PtdIns(4,5)P2, to generate PtdIns(3,4,5)P3. This lipid product acts as a second
messenger, activating in turn other proteins by binding their pleckstrin homology domain
(PH). In particular, PtdIns(3,4,5)P3 rise in cells triggers the translocation of AKT in the inner
plasma membrane. PtdIns(3,4,5)P3 activates PDK1 by binding its PH domain; once activated
PDK1 phosphorylates AKT in position T308. A second phosphorylation in position 5473 leads
to the full activation of AKT which stimulates cell survival, metabolism and migration through
phosphorylation of other proteins. The cellular levels of PtdIns(3,4,5)P3 are tightly regulated
by the opposing activity of PTEN. PTEN is an important tumor suppressor which antagonizes
the PI3K activity removing the 3’ phosphate from PtdIns(3,4,5)P3 through its intrinsic activity
of lipid phosphatase 105107.108113-118,

In this scenario it is clear the reason why alterations of the PI3K signalling pathway are often
involved in tumorigenesis, cancer progression and metastasis. In cancers, PI3K pathway can be
aberrantly activated through multiple mechanisms including cross-talk with other signaling
pathways or intrinsic hyper-activation due to genomic aberrations. Common genomic
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aberrations across cancer types in the PI3K pathway include aberrations in genes that among
the most mutated in cancer, such as loss of the negative regulator PTEN, activating mutations
or gene amplification in PIK3CA and mutations of PIK3R1 that encodes the regulatory subunit
of the PI3K 112119120,

In particular, PIK3CA is the 24 most frequently mutated gene across 12 cancer types
sequenced by TCGA 2. Data reported by the “Catalogue of somatic mutations in cancers”
(COSMIC) show that the majority of mutations in PIK3CA are missense substitutions 122 Eighty
% of genetic alterations affecting this gene are mainly clustered in two ‘hotspot’ regions of the
PIK3CA coding sequence. Particularly, the most frequent mutations are the substitutions
E542K and E545K in the helical domain, and H1047R in the kinase domain. These missense
mutations lead to the constitutive activation of p110«a by affecting the binding site for p85a or
through a stabilization of this protein to the plasma membrane, leading the continuous
activation of AKT 103107108112 COSMIC data show that PIK3CA mutations have a high frequency
in many cancer types especially in breast, prostate, colon and endometrial carcinomas.
Although in ovarian cancer the frequency of PIK3CA point mutation is quite low, the alteration
in copy number (>7 fold) is frequent among all the histologic subtypes and is associated with a
poor prognosis 1. In a genomic screening which involved about 200 ovarian cancers PIK3CA
mutations or gene amplifications were detected in about 30% of all EOCs and 45% of
endometrioid and clear cell subtypes '?%. Although p110 involvement in tumorigenesis is still
controversial, many studies show the possible implication of PIK3CB aberrations in cancer '%.

Mutations affecting genes encoding the p85a regulatory subunit have also been
reported. TCGA data reported that the encoding gene PIK3R1 is the 12" most commonly
mutated across cancer lineages, and several mutations in hotspot regions have been detected
112, COSMIC data report that 30% of these mutations consist in missense substitutions »°. As
mentioned above, p85a plays a critical role in the stabilization and recruitment of p110a to the
plasma membrane. Therefore, somatic mutations affecting the binding site for p110a disrupt
the inhibitory action of the regulatory subunit, leading to aberrant PI3K pathway activation !%.
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Mutations generally involve the nSH2 and iSH2 domains of p85a which are required for the
binding with the catalytic subunit. However, approximately one third of mutations in PIK3R1
occur in other domains, which are not involved in the interaction with the catalytic subunit. It
is likely that this set of mutations are involved in p85a function independently of its binding
with p110. Recent studies have revealed that in some cell contexts p85a is in excess over p110
and can be found either as monomer or as homodimer. These two additional conformations
are supposed to negatively regulate PI3K pathway. When p85a is monomeric, it might compete
with p85-p110 dimers for binding to tyrosine-phosphorylated IRS-1, blocking the activation of
downstream proteins %!, On the other hand, according to the homodimer model, the SH3
domains of two p85a can interact between each other, constituting a major homodimerization
interface and promoting the formation of an homodimeric complex. This complex competes
with the WWP2 (the cell mediators for proteasomal degradation of PTEN), preventing the
degradation of PTEN. Moreover, the p85a homodimeric complex can also improve the
phosphatase activity of PTEN and thus indirectly inhibit the PI3K pathway. Given that
mutations in PIK3R1 gene affect the interaction between p85a and IRS-1 or the formation of the
homodimeric complex, the final result is an aberrant activation of the PI3K pathway. However,
one of the most exciting discovery of the studies on p85a functions is the identification of a
neomorphic set of mutations which confer to p85a the capability to activate the MAPK
pathway. These mutations cause the production of a truncated p85a which misses one of the
domain for the p110 binding but acquires the capability to activate the MAPK pathway 11%126-
131,

TCGA data report that mutations in PIK3R1 gene occur at high frequency in endometrial, colon,
breast cancers and in glioblastomas. In ovarian cancers, aberration in PIK3R1 gene mainly
regard alteration in copy number, while mutations in gene sequence account only for about 3%
125128132133,

Besides implication in cancer, PI3K pathway alterations are related with the occurrence of other
human disease. Dysfunctional PI3K/AKT-mediated glucose transport and glycogen synthesis
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are involved in the onset of metabolic diseases such as type 2 diabetes and obesity '*. Mutations
specifically involving PIK3CA are also the main cause of the PIK3CA-Related Overgrowth
Spectrum (PROS) which is a group of diseases characterized by localized overgrowth, for
example of a digit, to severe, extensive, and life-threatening overgrowth affecting major vessels
and/or critical organs %7, In addition, germline mutations in heterozygosity, located in cSH2
domain of PIK3R1 are responsible for the SHORT syndrome, characterized by developmental
defect and historically defined by its acronym: short stature (S), hyper-extensibility of joints
and/or inguinal hernia (H), ocular depression (O), Rieger abnormality (R) and teething delay
(T). Molecular studies have shown that PIK3R1 mutations associated to SHORT syndrome
result in defects and not in activation the PI3K pathway 3.
Given the great number of pathologic conditions related to PI3K pathway alterations, it is not
surprising that efforts in target therapy research have been focused on this signaling pathway.
Several PI3K inhibitors are currently tested or in development for clinical applications. Based
on pharmacokinetic properties and isoform selectivity for ATP binding site, PI3K inhibitors
have been classified into different groups:
- Pan-PI3K inhibitors able to bind all class I PI3Ks (PI3Ka, PI3Kp, PI3Ky and PI3Kd).
The first two inhibitors of this category were Wortmaninn and LY294002, for a
long time used in research to study PI3K, but not suitable for application in
humans. Generally, this class of inhibitors displays cytostatic effects with
consequent G1 phase arrest in vitro and favorable anti-cancer activity in vivo in
experimental models. However, several clinical trials explored the efficacy of
other pan-inhibitors alone or in combination with other anti-cancer agents, but did
not show promising results in the treatment of both solid and hematologic
malignancies 19116139190 Among this set of inhibitors one of the most tested is NVP-
BKM120 (Buparlisib). NVP-BKM120 reversibly binds the ATP-binding site of the
lipid kinase domain displaying a potent activity against all class I PI3K isoforms
with high selectivity 105109139,141142,
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- Specific isoform inhibitors act against only one isoform of PI3K and now appears
more promising. Generally, these are ATP-competitors and have been developed
with the aim of targeting specific alterations, avoiding the cumulative toxicity
related with the inhibition of PI3K multiple isoforms ®11°, The most effective and
rapidly approved have been the inhibitors of the p1100 for the treatment of
hematological malignancies ¢. Drugs specific for p110a and p1108, such as NVP-
BYL719 (Alpelisib) and GSK2636771, respectively, have been or are under
evaluation. In particular, NVP-BYL719 has shown a potent anti-cancer effect in
patients with PIK3CA mutations either as a single or a multi-drug approach and it
has recently been approved by FDA for the treatment of metastatic breast cancer
in combination with Fulvestrant '10143-146 GSK2636771, specific for the p110p
subunit, is under evaluation for treatment of malignancies with PTEN loss 110147145,

- Dual mTOR/PI3K inhibitors block the activities of both PI3Ks and mTOR kinases
by competitively binding to the ATP binding sites. Since mTOR is structurally
related to PI3Ks, ATP-competitive compounds inhibit these two kinases with
equivalent potency. NVP-BEZ235 (Dactolisib) belongs to this set of drugs and is
under evaluation in preclinical and clinical studies. NVP-BEZ235 suppresses cell
proliferation inducing G1 cell cycle arrest and promoting autophagy. The major
problem related to this dual inhibitors is the toxicity derived from their action on
multiple targets 109110139 147,

Overall these molecules display promising results as anti-cancer drugs but they all cause
important side effects such as hyperglycemia and metabolic alterations strictly related to

the role of PI3K in many different cell processes and, in particular, in metabolism.
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Fig 1.4: Schematic representation of PI3K/AKT/mTOR pathway. Adapted from Cell Signaling Technology:

“https://www.cellsignal.com /contents/science/cst-pathways”.
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2. AIM OF THE WORK

Patients with high grade serous epithelial ovarian cancer (HGS-EOC) at advanced stage have
experienced little improvement in overall survival, despite short term good response to
standard treatments mainly based on cytoreductive surgery and platinum based-
chemotherapy. The majority of patients with HGS-EOC present with advanced stage disease,
when tumor has already spread to the peritoneum and invaded tissues beyond ovaries, with
metastatic foci formation 2. Unlike other cancer types, the development of target therapy did
not completely change the therapeutic approaches in ovarian cancer which has remained
unchanged in the past 20 years 2. Molecular and genetic studies performed on HGS-EOC have
demonstrated that its main characteristic is the inactivation of TP53 which occurs in 96% of
cases, which is currently not druggable. Only aberrations in homologous recombination (HR)
pathway especially in BRCA1/2 genes are quite common (approx. 20% of cases), and are
biomarker for targeted treatment with PARP1 inhibitors 2. Genomic analysis of EOC samples
have demonstrated a profound genetic instability with a great number of copy number
alterations (CNAs) #5. Conversely, EOC is characterized by few recurrent mutations and the so-
called “long tail” distribution of low-frequency mutations in cancer-related genes. *>. The role
in carcinogenesis of genes located in this tail of distribution is still unclear and needs to be
investigated in order to understand the potential clinical impact of rare mutations as useful
biomarkers of response to targeted therapies '°.

Therefore, the main goal of this Ph. D. project is the identification of putative drivers and
actionable cancer-genes in HGS-EOCs using patient-derived models, such as Patient Derived
Xenografts (PDXs) and PDX derived tumor cells (PDTCs). We envisioned that the weakness of
PDXs and PDTCs, i.e. lack of human stromal and immune cells, might be instrumental to
identify mutations in human cancer cells and to associate mutations to treatments as clinically

exploitable tumor biomarkers using experimental models. Thus, in this thesis project, PDXs
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and PDTCs have been extensively used to first identify and secondly validate the clinical

importance of the mutations found following the pipeline shown in figure 2.1.
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Fig 2.1: Representative image of the pipeline followed in this thesis work for the identification of putative drivers
and actionable mutations in cancer-related genes. Human tumor samples were implanted in severely
immunocompromised mice. Afterwards PDXs were histologically and genomically characterized. Subsequently
WES, CNAs and bioinformatics analyses were performed in order to identify putative drivers and actionable

cancer genes.

31



3. MATERIALS & METHODS

3.1 Cell Lines

A2780 (NCI-DTP, Cat# A2780, RRID: CVCL_0134) human, epithelial, adherent ovarian
carcinoma cell lines and LNCaP (CLS, Cat# 300265/p761_LNCaP, RRID: CVCL_0395) human,
epithelial, adherent prostate carcinoma cell line were purchased form American Type Culture
Collection (ATCC, RRID: SCR_001672) and cultured in RPMI-1640 with 10% FBS (Fetal Bovine
Serum). The OVCAR-8 (NCI-DTP Cat# OVCAR-8, RRID: CVCL_1629) human, epithelial,
adherent ovarian carcinoma cell lines was obtained from the NCI-DCTP repository and
cultured in RPMI-1640 with 10% FBS. Culture media were complemented with Glutamine
2mM (Cat# G7513) and Penicillin/Streptomycin mix 0.1mg/ml (Cat# P0781) both purchased by
Sigma-Aldrich (St. Louis, MI, USA) All the cell lines, except for LNCaP, are certified as HGS-
EOC.

3.2 Patient Derived Xenografts (PDXs) Platform and Mice Treatment

Between 2012 and 2016 a collection of 167 separates clinical samples of epithelial ovarian
cancers was undertaken with the consent of each patient according to the PROFILING protocol
and with the approval first of the ethical committee of Regione Piemonte and then after the
foundation, of the FPO-IRCCS. For the development of PDX platform samples quality was
assessed by pathologists. Human tumors were taken either at laparoscopy or at surgery from
Candiolo Cancer Institute (FPO-IRCCS) and Sant’ Anna gynecological hospital and implanted
in mice either subcutaneously or intra peritoneum. In particular, tumors were grafted in
anesthetized mice (gas anesthesia made of 2% isoflurane obtained from Zoetis U.K., in oxygen
and nitrous oxide 2:1). After the implant, mice are monitored until the end of anesthesia effect.

All surgical procedures in mice were performed in sterile conditions under laminar flow, using
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mice of approximately 20 gr. A total of 65 PDX lines successfully grew with a take rate of
approximately 40%. After the first implant and growth tumors were propagated
subcutaneously for at least three passages for further experiments (e.g. PDX characterization,
PDTCs derivation and in vivo drug treatments).
For the development of PDXs platform and in wvivo experiments only severely
immunocompromised NOD/shi-scid/IL-2R ynull female mice were used, purchased from
Charles River Laboratories Italy. Once received mice did not undergo to any further
modification. Mice have been housed in autoclaved and sterilized cages in group of 5-7 animals
per cage. All cages have been separately located in mouse housing system where they receive
filtered ventilation and where they are kept at 20 to 22 °C on a 12:12-h light:dark cycle. Mice
were kept in cages with highly absorbing and sterilized bedding material which have been
changed every week by mice facility team. Mice were fed ad libitum with commercial, sterile
pelleted diet and water. All the procedures with animals have been approved by the local
Ethical Commission and by the Italian Ministry of Health in accordance with EU Directive
2010/63/EU for animal experiments; a first authorization was obtained on 12/7/2012 and,
following subsequent regulations, approved again on 14/01/2016 (no. 16/2016-PR) and
extended for two additional years on 17/9/2018. All animal procedures comply with the “3R”
principles.

For in vivo drug treatment experiments the PDX lines of interest were propagated in 18-
20 mice in order to get PDX cohorts. When tumor volumes reached approximately 100mm?
mice were blindly and individually randomized in treated or control animal groups to obtain
at least 6 animals/group using Laboratory Assistant Suite (LAS) #°. In vivo studies of the PDX
line #475, were carried out as follows. For treatment with Buparlisib (purchased from Cayman
Chem, Ann Arbor, MI) solution was freshly prepared every day by diluting in N-Methyl-2-
pyrrolidinone and PEG 10/90 v/v to a final volume of 100 ul, both purchased from Sigma
Aldrich, (St. Louis, MO, USA). Buparlisib was administered by oral gavage every day (5
days/week) for 3 weeks (see Results Fig. 4.8.1), in sterile conditions. Buparlisib was
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administered at the dose of 20 mg/Kg whereas control animals were treated with vehicle alone.
Treated mice were monitored for tumor take and growth twice a week. Tumor volumes were
measured with a digital caliper. When tumor size reached 2000 mm? mice were sacrificed under
gas anesthesia by cervical dislocation. Tumors derived from sacrificed mice were processed in
different ways based on their further utilization in experiments: from each tumor one big piece
was embedded in formalin and included in paraffin for immunohistochemistry (IHC)
experiments, another piece was snap frozen for protein extraction and another part was frozen

in vital condition for further implants.

3.3 Immunohistochemistry

Immunohistochemistry was carried out on tissue microarrays (TMA) or directly onto single
FFPE blocks. TMAs preparation was described for the first time by Kononen and coworkers '%.
This methodology allows combining tens to hundreds of paraffin-embedded tissue specimens
into a single paraffin block providing an important tool to study genes and proteins expression
simultaneously in several specimens. TMAs used in this thesis project were prepared by
pathology facility of Candiolo Cancer Institute (FPO-IRCCS) starting from PDXs paraffin-
embedded tissues following the protocol described by Sapino and coworkers ''. Briefly, PDXs
paraffin blocks (donor blocks) were examined to select two tumor areas from each block. Using
the advanced tissue arrayer (mod. ATA-100, Chemicon International, Tamecula, CA, USA),
tissue cylinders with a diameter of 1 mm were punched under the stereomicroscope from the
specific areas of the donor block and brought into the “recipient” paraffin block. In each
recipient block three control tissues were also inserted: 1) liver tissue; 2) lymphatic tissue; 3)
human ovarian tissue.

Once assembled recipient blocks were incubated in an oven at 45°C for 20 to allow complete

embedding of the grafted tissue cylinders in the paraffin, and then stored at 4°C until
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microtome sectioning. Before the staining slices of 3.5um thick were cut from the blocks of
interest and fixed on slides.

For PDXs characterization, TMA slides were stained in the Ventana automated immunostainer
(BenchMark AutoStainer, Ventana Medical Systems, Tucson, AZ, USA) using the following
antibodies by Ventana Medical Systems: aWT1 (Cat# 760-4397), aTP53 (Cat# 790-2912),
aEPCAM (Cat# 760-4383), aCytokeratin 7 (Cat# 790-4462) and aCD20 (Cat# 760-2531). The
latter antibody was used to rule out the growth of lymphoma in PDXs, which occurred in 10—
20% of cases, as also reported by others 52,

Evaluation of phospho-S6 and S6 expression was detected with apS6 rabbit monoclonal
antibody (Cat# 4858) and aS6 rabbit monoclonal antibody (Cat# 2217), both purchased by Cell
Signalling Technology (Denvers, MA, USA). In particular, TMA slides were deparaffinized and
hydrated, then the antigen unmasking was carried out using citrate buffer for 1 hour at sub-
boiling temperature (95-98°C). Antigen detection was performed incubating TMA slides over-
night (O.N.) at 4°C with the specific antibodies diluted in blocking solution (TBS, 0.3%Triton x-
100 0.3%, 0.1% Tween-20 and 5% normal goat serum). Subsequently were carried out the
secondary antibody ad DAB reactions for signal revelation. Lastly, sections were dehydrated
and slides mounted with cover slips.

At the end of the in vivo experiments tumors derived from control and treated PDX cohorts
were sectioned and a piece of each tumor embedded in formalin and included in paraffin.
Tissue sections of 3.5um were obtained by cutting with a microtome. Immunostaining for Ki67,
phospho-56 and S6 expression in control and treated tumors was then performed on these
slices. For the staining aKi67 mouse monoclonal (clone MIB-1, Dako; Agilent, Santa Clara, CA,
USA) and apS6 rabbit monoclonal antibodies were used following the protocol described

above.

Stained slides were analyzed under light microscope and for each PDX sample, 20-30

separate fields were taken. Quantifications of phospho-56 and Ki67 positive cells were carried
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out using the Color Deconvolution plug-in in Image] (RRID: SCR_003070). In particular,
quantification of percentage of Ki67* nuclei area in control and treated mice, was calculated
performing the ratio between percentage of Ki67* nuclei area on the percentage of total nuclei
area for each field of each PDX in the experiment (see formula below); then only the averages
of %Ki67* nuclei area for each sample were taken in account and used to calculate the statistical
significance.

%Ki67tnuclei area

%Ki67* nuclei =
ontt nucter drea %Ki67*total nuclei area

Quantification of phospho-S6* cells areas in samples from control and treated mice, was
calculated as above but instead of nuclei area, the percentage of total cells area stained with

phospho-56 cytoplasmic staining (see formula below) was taken in account.

%pS6™Tcells area

%nS6™cell =
YopS6™ cells area %pS6*ttotal cells area

Statistical analysis was carried out using Student-t test with Welch’s correction in GraphPad
Prism?7 software (RRID: SCR_002798) on data of Ki67* nuclei areas and phospho-56* cells areas,
calculated as above. Statistical significance was defined as p-value < 0.05 (95% confidence

interval). Graphical representation was elaborated using GraphPad Prism?7.

3.4 PDX Derived Tumor Cells (PDTCs) Culture Derivation

To obtain PDTCs, when one or more PDXs reach the size of 2000 mm?3, mice are sacrificed and
xenograft processed. Before digestion, PDXs are incubated O.N. in 1:1 mixture of MCDB 131
and DMEM F12 with 10% FBS, and Penicillin /Streptomycin mix (0.1 mg/ml) at 4°C. After the
incubation, xenografts are mechanically chopped and digested with Human Tumor

Dissociation Kit (Cat# 130-095-929) in combination with GentleMacs dissociators (Cat# 130-093-
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235) both purchased from Miltenyi Biotec (Bergisch Gladbach, Germany) following the
protocol provided by manufacturer. Human tumor cells are isolated from murine stroma using
Mouse Cell Depletion Kit (Cat# 130-108-339) Miltenyi Biotec. Subsequently PDTCs are plated
in culture dishes for 24-48 hours in 1:1 mixture of MCDB 131 and DMEM F12 with 10% FBS
and maintained in a 37°C in hypoxic condition. In order to assess the quality of cultures before

the experiments, 5-6 images of each PDTCs culture are taken with a bright field microscope.

3.5 PDTCs Quality Assessment and Viability Assays

For viability assay, PDTCs 24-48 hours after derivation, and control cell line are trypsinized
and 5000-8000 cells were plated in Costar® 96-multiwell plates (Corning NY, USA). PDTCs and
control cell lines were treated with dose escalation drugs or vehicle (DMSO) for 72 hours and
cell drug responses was evaluated with two different kind of viability assays: CellTiter-Go
Promega (Madison, WI, USA) viability assay and Crystal Violet assays (see sections 3.6.1 and
3.6.2 for a detailed description of assays). For drug screening on PDTCs, Carboplatin was
provided by hospital pharmacy at Candiolo Cancer institute (FPO-IRCCS) and used at
decreasing concentration starting from 80uM to 0.3125uM (450mg/ml, Lot#W73346;)
purchased by Pfizer (Milano, Italy) PI3K/AKT/MTOR inhibitors were purchased from Selleck
Chemicals (Houston, TX, USA) and used as follows:
- NVP-BKM120, Buparlisib (Cat# 52247) powder was dissolved in DMSO at 10mM and
used in experiments at decreasing concentration starting from 80uM to 0.005uM.
- NVP-BYL719, Alpelisib (Cat# S2814) powder was dissolved in DMSO at 100mM and
used in experiments at decreasing concentration starting from 320uM to 0.020uM.
- NVP-BEZ235, Dactolisib (Cat# S1009) powder was dissolved in DMF at 10mM and used
in experiments at decreasing concentration starting from 100puM to 0.0001 M.
- GSK2636771 (Cat# S8002) powder was dissolved in DMSO at 100mM and used in

experiments at decreasing concentration starting from 160uM to 0.005uM.
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- PKI587 (Cat# 52628) powder was dissolved in DMSO at 10mM and used in experiments

at decreasing concentration starting from 100uM to 0.0001pM.
Results were analyzed with GR metrics, which normalizes cell drug response on cell doubling
along the experiments as reported by Hafner and coworkers %3154, GR values have been

calculated for each drug concentration using the formula indicated below; data obtained by GR

analyses were plotted using GraphPad Prism7 (RRID: SCR_002798).

< log, (x(c)/ x0) )
GR(c) = 2\log2(x(ctr)/x0)) — 1

GR calculator formula. The GR value was calculated for each point of the dose-response curve GR(c). In this
formula x(c) stand for viability value of treated cells at 72h at the dose of interest; x0 is the value of cell viability at
the beginning of the experiment; x(ctrl) is the viability of control cells at 72h.

e 3.5.1 CellTiter-Glo® Viability Assays

CellTiter-Glo® viability assays were performed according to the manufacturer ‘s protocol.
Briefly: cells were incubated for 12 minutes (2 min of shaking incubation and 10 min of stand
incubation) with CellTiter-Glo® (Cat# G755B) Promega (Madison, WI, USA) solution (1:8 in
PBS). After incubation luminescent signal was measured using microplate reader BioTek

Synergy HTX (Winooski, VT, USA).

e 3.5.2 Crystal Violet Cytotoxic/ Cytostatic Assays

For this assay, at the end of experiments cells were fixed with 2% paraformaldehyde (PAF) in
PBS for 40 min. Plates were washed 2 times with PBS and cells were stained with Crystal violet
(10% crystal violet in 20% methanol in ddH20) for 40 min. Subsequently plates were washed
extensively with ddH:O and air-dried. Representative images of crystal violet staining of
PDTCs were taken with a PC scanner and then crystal violet was dissolved incubating with
10% acetic acid for 20 min on shaker. Crystal violet absorbance signal was measured at 595nm

with the microplate reader BioTek Synergy HTX (Winooski, VT, USA).
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e 3.5.3 Tumorigenicity Assessment

Once derived, PDTCs were cultured for 48 hours, then 3*10"6 PDTCs cells were suspended 1:1
PBS and Matrigel (Cat# 356237) purchased by Corning (Corning, NY, USA) in a final volume
of 100-200ul and injected subcutaneously in NOD/shi-scid/IL-2R ynull female mice. After
tumor growth (2-3 months) mice were sacrificed and xenografts were included in paraffin for

the subsequent Hematoxylin and Eosin (HE) staining.

3.6 Western Blot Analysis

For Western blot analysis, PDTCs were treated in a serum free medium for 24 hours with the
indicated drug or vehicle 24 hours after plating. Proteins were extracted in ice cold elution
buffer (TrisHCI pH 7.4, containing EDTA, 1% Triton x-100, 10% glycerol), protease inhibitors
cocktail (1:1000), sodium orthovanadate (1:100) and phenylmethylsulfonyl fluoride (1:100) all
purchased by Sigma-Aldrich (St. Louis, MI, USA), freshly added to lysis buffer. The extracted
proteins were fractionated by SDS-PAGE and blotted onto nitrocellulose membrane using
Trans-Blot Turbo Transfer System (BioRad, Hercules, CA). The membranes were decorated
O.N. at 4°C with the following antibodies: rabbit polyclonal aAKT (Cat# 9272), rabbit
monoclonal ap AKTSe*7 (Cat#4060), rabbit monoclonal apS6 (Cat# 4858) and rabbit monoclonal
aS6 (Cat# 2217) purchased from Cell Signalling Technology (Denvers, MA, USA) and goat
polyclonal aVinculin N-19 (Cat# sc-7649) purchased from Santa Cruz Biotechnology (Dallas,
TX, USA), all antibodies were diluted 1:1000 as indicated in manufacturer ‘s protocols.
Membranes were then incubated with HRP conjugated secondary antibodies (1:10000) and the
chemo-luminescent signals have been reveled with ECL (Cat# 32106; Thermo Fisher Scientific;
Waltham, MA, USA) using the ChemiDoc Touch Imaging System BioRad. For snap frozen PDX
tissues, protein extraction was carry out in ice cold elution buffer (see details above) in

combination with GentleMacs dissociators (Cat# 130-093-235) using M tubes (Cat# 130-094-392)
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both purchased from Miltenyi Biotec (Bergisch Gladbach, Germany). Protein samples for

western blot analysis were processed as described above.
3.7 Crystal Structure Analysis

The position of W624 residue in the structure of human p85a encoded by PIK3R1 was predicted
through sequence alignments and structure superimposition. Sequence alignments and
domain assignment were performed using PSI-Blast (NCBI BLAST), whereas structure

superimposition was performed using UCSF Chimera.
3.8 WES and CNA Analysis

Exome library preparation was performed using the Nextera Rapid Capture Enrichment kit
from Illumina (San Diego, CA, USA). Genomic DNAs were quantified using the Qubit system
Invitrogen (Carlsbad, CA, USA) and 50 ng were used as input material for library preparation.
Pools of 12-plex libraries (500 ng each library) were hybridized with capture probes (coding
exomes oligos) twice: a first hybridization step for 2 h and a second for 18 h. After elution and
clean up, enriched DNA libraries were amplified with 10-cycle PCR. PCR products were then
purified, loaded on a bioanalyser using DNA 1000 chip for quality control and quantified with
Qubit. Samples were sequenced using the NextSeq 500 platform Illumina as paired 150 bp
reads, using the NextSeq 500/550 High Output Kit v2, loading 1.4 pM DNA and obtaining as
cluster density an average of 200 K/mm2 clusters. Microarray HumanCytoSNP for CNA
analysis was performed by Genomix4life S.R.L. (Baronissi, Salerno, Italy), using 200 ng of each
DNA hybridized for 18 h at 48°C on HumanCytoSNP-12 v2.1 BeadChip, according to the
manufacturer’s instructions, and analyzed with an Illumina iSCAN. WES and SNP data
analyses were performed using the pipeline shown in the figure below (Fig. 3.8.1), using each

patient’s germline DNA as reference.
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Fig. 3.8.1: Pipeline of WES and SNP array data analyses for the detection of SNV and CAN. (A) In order to exclude
contaminating mouse read information in our analyses, WES reads derived from PDXs containing a mixture of
human and mouse reads were separated using Xenome (version 1.0.0). Adaptor trimming was performed on
human fastq files using skewer (version 0.2.2). Then human reads were mapped with BWA (version 0.7.12) onto
the Human Reference Genome (hg19). Duplicated reads were removed with Picard suite (version 1.133). Indel
realignment and quality recalibration was done with the Genome Analysis Toolkit (version 3.7-0-gcfedb67). (B)
SNVs and small insertion-deletions (indels) were called using MuTectl (version 1.1.7), to increase sensitivity for
somatic mutations. The somatic mutations identified were analyzed together to ensure comparable calls at every
locus. Reads with mapping quality <30 and base quality <20 were discarded. Variants were only kept if they passed
the standard Platypus filtering criteria, with the exceptions of variants showing allele bias and badreads to
increase sensitivity. Variants were annotated using Variant Annotation Bioconductor package. (C) To estimate
CAN, Log R ratio and B allele frequencies were calculated using Illumina GenomeStudio (version 2.0). OncoSNP
(version 1.4) was then used.

3.9 Pyrosequencing Analysis

The presence and allele frequency of TP53 and PIK3R1 mutations in source tumors of any PDX
line were assessed using pyrosequencing QIAGEN (Hilden, Germany). Briefly, sample DNAs
were amplified, and the PCR products were subjected to the ‘sequence by synthesis’
pyrosequencing method following the manufacturer’s instructions, using the primers and
conditions reported in table below (Tab. 3.9.1). Results were analyzed with the PSQ24 software

(QIAGEN) for allelic quantification.
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PRIMER SEQUENCE 5'-3' SIZE PCR CONDITIONS
95°C 3 min
TP53EX5F GGCCATCTACAAGCAGTCACA 95°C 30 sec
58°C 30 sec 30 Cycles
90 bp 72°C 45 sec
TP53 EX5R (BIO)AGCTGCTCACCATCGCTATCT
72°C3 min
TP53 EX5 SEQ GCACATGACGGAGGTT
95°C 3 min
TP53EX7F (BIO)CTCTGACTGTACCACCATCCACTA 95°C 30 sec
60°C 30 sec 30 Cycles
115 bp 72°C 45 sec
TP53 EX7 R GGCTCCTGACCTGGACTCTT
72°C3 min
TP53 EX7 R GGTTCATGCCGCCCA
95°C 3 min
PIK3R1 F CTGGTGGAAGATGATGAAGATTTG 95°C 30 sec
60°C 30 sec 30 Cycles
121 bp 72°C 45 sec
PIK3R1F (BIO)GGACAAGAAAAGTGCAATCTCG
72°C3 min
PIK3R1 SEQ CCCATCATGATGAGAAG

Tab. 3.9.1: Primers and PCR condition for pyrosequencing analyses

42



4. RESULTS

4.1 Characterization of PDX Lines from HGS-EOCs

Between 2012 and 2016 in the laboratory of Cancer Genetics, where I started my PhD in 2016,
a PDX platform of ovarian carcinomas had been developed, collecting EOC samples at
laparoscopy or at surgery, at the Candiolo Cancer Institute and the Sant’Anna gynecological
Hospital of the “Citta della Salute e della Scienza di Torino”. Fresh samples, examined and
selected by the pathologists, were implanted either subcutaneously or intra-peritoneum in
severely immunocompromised NOD/shi-scid/IL-2R ynull female mice (see Methods section).
Forty-three PDX lines derived from EOC samples were fully characterized, according to the
minimal information standard for reporting PDX data, including clinical and pathological
attributes of the patient’s tumor, the processes of implantation and passaging in the host mouse
strain and quality assurance by means of genotypic and phenotypic characterization '*°. Quality
assessment of samples and the clinical information were provided by the pathologists and are
reported in table 4.1.1. This table reports also numbering of PDX lines derived from each tumor
sample. Histological characterization was performed in order to classify tumor histotype and
to compare the phenotype of the PDX to that of the corresponding source tumor (ST) (Fig. 4.1.2
and Tab. 4.1.3). This characterization was carried out using immunohistochemistry (IHC) on
TMA sections and targeted next generation sequencing (T-NGS). For each sample the
expression of CK7, EPCAM TP53, WT1, PAXS as epithelial and tumor markers for HGS-EOC
was evaluated. Expression of CD20 was also scrutinized to rule out the growth of lymphoma
in PDXs, which occurs in 10-20% of cases 1%2. The results obtained with IHC analyses confirmed
the diagnosis of high-grade serous histology of 25 EOC-derived PDXs out of 43 successfully

propagated and are reported in figure 4.1.2 and in table 4.1.3.
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Patient Clinical information

PDX Information

PRIMARY/
PATIENTID AGE CONSENT TO SHARE METASTASIS/ TISSUE UNTREATED/ PDXID SITE
(PROFILING) DATA RECURRENCE HISTOLOGY TREATED
#0150 52 available to IRCCSonly  metastasis/recurrence HGS treated PDX#150 sC/p
#0172 66 available toIRCCSonly  metastasis/recurrence HGS treated PDX#172 SC/IP
#0209 64  available to IRCCSonly  metastasis/recurrence clear cell treated PDX#209 sC/p
#0474 73 available toIRCCSonly  metastasis/recurrence HGS treated PDX#474 sc/p
#0475 75 available to IRCCS only metastasis/primary HGS naive PDX#475 SC/IP
#1622 72 available to IRCCSonly  metastasis/recurrence  undifferentiated treated PDX#1622 sc/ip
#1658 65 available toIRCCSonly  metastasis/recurrence HGS treated PDX#1658 SC/IP
#1864 75 available to IRCCSonly  metastasis/recurrence HGS treated PDX#1864 sC/p
#1897 67 available toIRCCSonly  metastasis/recurrence HGS treated PDX#1897 sC/p
#1961 73 available to IRCCS only primary HG endometrioid naive PDX#1961 sC/p
#1999 56 available to IRCCS only primary mucinous naive PDX#1999 sC/p
#2085 66  available to IRCCS only ascites/recurrence HGS treated PDX#2085 IP
#2407 67 available to IRCCS only ascites/primary HGS naive PDX#2407 sC/p
#2540 68  available to IRCCS only primary clear cell naive PDX#2540 sc/p
#2547 56 available to IRCCS only primary HGS treated NA-CHT PDX#2547 sC/1p
#2699 52 available to IRCCS only primary HGS naive PDX#2699 sC
#2793 63 available to IRCCS only primary HGS naive PDX#2793 SC/IP
#2830 63 available to IRCCS only metastasis/primary HGS treated NA-CHT PDX#2830 sC/p
#2834 59  availabletoIRCCSonly ~ metastasis/primary HGS treated NA-CHT PDX#2834 sc/p
#2976 70 available toIRCCSonly  metastasis/recurrence HGS treated PDXi#2976 SC/Ip
#2991 55 available to IRCCS only primary HGS treated PDX#2991 sc/p
#2995 54 available to IRCCS only primary LGS treated NA-CHT PDX#2995 SC
#3213 57 available to IRCCSonly  metastasis/recurrence  HG pleiomorphic treated PDX#3213 IP
#3679 71 available toIRCCSonly  metastasis/recurrence HGS treated PDX#3679 SC
#3727 39 available to IRCCSonly  metastasis/recurrence  borderline serous treated PDX#3727 SC
#3915 53 available to IRCCS only primary clear cell treated NA-CHT PDX#3915 sC
#3982 54  availableto IRCCSonly  metastasis/recurrence HGS treated PDX#3982 SC
#SANO5S 56 available to IRCCS only primary HG pleiomorphic naive PDX#SANO5  SCAP
#SANO6 76 available to IRCCS only primary HGS naive PDX#SANO6  SC/AP
#SANOS 59 available to IRCCS only primary HGS naive PDX#SANO8  SCAP
#SANO9 38  available to IRCCSonly primary HG endometrioid naive PDX#SANOS  sC/AP
#SAN12 58 available to IRCCS only primary HGS naive PDX#SAN12 SC
#SAN20 76 available to IRCCS only primary HGS treated NA-CHT | PDX#SAN20  SC/P
#SAN21 67 available to IRCCS only primary HGS naive PDX#5AN21  sSC/AP
#SAN24 70 availabletolRCCsonly  Pleurd effusion/ unknown treated NA-CHT | PDX#SAN24  IP
recurrence
#SAN25 57 available toIRCCSonly ~ metastasis/primary HGS naive PDX#SAN25  sC/AP
#SAN31 73 available to IRCCSonly  metastasis/recurrence  undifferentiated  treated NA-CHT | PDX#SAN31 SC
#SAN37 57 available to IRCCS only primary HG endometrioid naive PDX#SAN37  SC/AP
#SAN40 75 available to IRCCS only metastasis/primary HGS naive PDX#SAN40  SC/AP
#SAN44 53 available to IRCCS only metastasis/primary undifferentiated naive PDX#SAN44  SCAP
#SAN46 62 available to IRCCS only primary mucinous naive PDX#SAN46  SC/AP
#SAN47 69 available to IRCCS only primary clear cell naive PDX#SAN47 SC
#SAN6O 78  available to IRCCSonly primary dear cell naive PDX#SANG0 SC

Tab. 4.1.1: Patients’ clinical information. Table shows the clinical information of the collected tumor samples.
In the first column on the left is reported the ID of each samples according to the PROFILING protocol (see the
Method section). In the last two columns on the right are reported the ID of each PDX line derived from the
corresponding tumor and the site in which human samples were implanted in mice. Acronyms legend: SC=
subcutaneous; IP= Intra-peritoneum; NA-CHT= Neo-adjuvant Chemotherapy
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In particular figure 4.1.2 shows representative images of the IHC staining performed on TMA
sections, whereas table 4.1.3 reports the histological characterization for all the 43 samples. In
this table the expression of the above mentioned markers for each sample is indicated. All the
morphological and genetic analyses were carried out within three passages of each PDX line.
The maintenance of the phenotype of the source tumor during PDXs propagation was
confirmed also by the analyses of further passages of the same PDX line. The genotypic
characterization performed using T-NGS for TP53 and BRCA1 and BRCA2 genes (Tab. 4.1.4)
confirmed the presence of TP53 mutation in all PDXs derived from HGS-EOCs according to the
concept that TP53 is a driver and trunk mutation in this tumor subtype. Moreover, T-NGS data
of BRCA1/2 genes showed that about 19% of our PDX lines carry mutations in BRCA1/2 which
is close to the expected frequency according to the BRCA mutation database
(http://arup.utah.edu/database/BRCA). Table 4.1.4 refers to the specific mutations in TP53 and

BRCA1/2 genes for each sample and the corresponding allele frequencies.
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Fig. 4.1.2: Representative images of IHC analyses of TMAs. This figure shows the expression levels of the HGS-
EOC markers in PDX and in the corresponding source tumors (ST). On the top are indicated the studied
markers, whereas the numbers in bold on the left represent the ID assigned by PROFILING protocol to each
PDX sample. For each corresponding ST, the ID number of the FFPE block is shown.
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TMA characterization

PASSAGE QA
SAMPLE ID PERFORMED CK7 WT1 EPCAM TP53 CD20
#0150 1 pos pos pos pos neg
#0172 1 pos pos pos pos neg
#0209 1 pos ND pos ND neg
#0474 2(sC) pos pos pos pos neg
#0475 1 pos pos pos pos neg
#1622 1 pos pos pos pos neg
#1658 2 pos pos pos pos neg
#1864 2 pos pos pos pos neg
#1897 2 pos pos pos pos neg
#1961 2(sC) pos pos pos neg neg
#1999 1 pos neg pos neg neg
#2085 2(sC) pos pos pos pos neg
#2407 2(58Q) pos pos pos pos neg
#2540 1 pos neg pos pos neg
#2547 2 pos pos pos pos neg
#2699 1 neg pos neg neg neg
#2793 1 pos pos pos pos neg
#2830 2 pos pos ND neg neg
#2834 2 pos pos pos pos neg
#2976 1 pos pos pos pos neg
#2991 2 pos neg pos neg neg
#2995 2(sC) pos pos ND pos neg
#3213 2(58Q) pos ND pos ND neg
#3679 1 pos pos pos neg neg
#3727 1 neg ND pos ND neg
#3915 1 pos neg pos neg neg
#3982 1 pos pos pos neg neg
#SANOS 3 pos pos pos pos neg
#SANOG6 2 pos pos pos pos neg
#SANO8 1 pos pos pos pos neg
#SANO09 2 pos neg pos pos neg
#SAN12 1 pos pos pos neg neg
#SAN20 2(sC) pos neg ND neg neg
#SAN21 2(sC) pos pos pos pos neg
#SAN24 1 pos pos ND pos neg
#SAN25 2(58Q) pos pos pos pos neg
#SAN31 2(sC) pos pos ND pos neg
#SAN37 1 pos pos pos neg neg
#SAN40 1 pos pos pos pos neg
#SAN44 1 pos pos pos neg neg
#SAN46 1 pos neg pos pos neg
#SANA7 1 pos neg pos pos neg
#SAN60 1 pos ND pos ND neg

Tab. 4.1.3: Histological characterization of 43 PDX lines of the platform. This table reports the results of the
expression markers of HGS-EOCs and for CD20 scrutinized to rule out the growth of lymphomas in PDXs.
ID number of each PDX line is reported on the first column on the left and the next column shows the PDX
passage in which characterization has been performed.



Targeted-NGS (T-NGS) characterization

BRCAT BRCA2
SAMPLE ID TP53 TPS3AF  BRCAI1 BRCA2
AF AF
#0150 p.Y220C 0.997 vus WT
#0172 p.R273C 0.999 WT WT
#0209 ND ND ND ND ND ND
#0474 p.C2385 0.999 WT WT
#0475 pV173L 0.988 WT WT
#1622 c141Y 0.999 WT p-T219; 1
p- : c656CTG>G
#1658 pI195T 0.998 WT WT
#1864 pY173L 0.988 WT WT
11897 c.990_993+16de|TCé§GTACTAAGTCTI’GG . wT wT
#1961 C920-1G>A 0.986 WT WT
#1999 ND ND ND ND
g. p.E1879f;
#2085 pR273H 0.9% WT TG 0976
#2407 pR273H 0.998 WT WT
#2540 ND ND ND ND ND ND
#2547 C176W 0.998 wT 9. p-E1879K; 0.999
P : C.5637GAATASG :
#2699 pE198* 0.999 WT WT
#2793 p.G262D 0.998 wWT WT
#2830 €393-1GA>G 0.998 WT WT
#2834 p.Y126C 0.984 p.C24f 0,094 WT
#2976 ND ND ND ND ND ND
#2091 ND ND ND ND ND ND
#2995 ND ND ND ND ND ND
#3213 pK132R 1 p.R1203* 1 WT
#3679 ND ND ND ND ND ND
#3727 WT WT WT
#3915 WT vus WT
#3982 ND ND ND ND ND ND
p.T219F;

#SANOS p.C275Y 1 WT e CTOnG 0.999
#SANO6 p.Y234C 0.993 WT vUS
#SANOS p.S127F 1 vus WT
#SANO9 p.5127F 1 WT WT
#SAN12 C.97-2A5T 0.994 WT WT
#SAN20 p.R273H 0923 vUs WT
#SAN21 p.Q167* 0.982 WT WT
#SAN24 pR1745 0.9% WT WT
#SAN25 pY173L 0.988 vUs WT
#SAN31 WT vus WT
#SAN37 .1163_1170delAAGGGCCT 1 WT WT
#SAN40 pl195T 0.962 WT WT
#SAN44 c393-1GA>G 0.993 WT vUS
#SAN46 ND ND ND ND ND ND
#SAN47 ND ND ND ND ND ND
#SANGO ND ND ND ND ND ND

Tab. 4.1.4: Genotypic characterization of the 43 PDX lines. T-NGS analysis of TP53 and BRCA1/2. For each
sample the specific mutation of the analyzed genes and the allele frequency (AF) are reported. VUS=

Variant of Unknown Significance.
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4.2 WES and CNAs Analyses of Selected PDX Lines

Starting from the results obtained after sample characterization, 12 PDX lines derived from
treatment naive HGS-EOCs have been selected for further investigation. Table 4.2.1 lists the

selected PDX lines with tumor characteristics and the patients’ clinical information.

Patients Clinical Information

DISEASE  TREATMENT BASELINE RESPONSE TO TOTAL CHE-
TUMOR  1st LINE CHEMO- CURRENT DI-
ID PDXLINE| AGE STATUS AT STATUS AT SURGERY CA125 AT RESIDUE THERAPY 1st LINE PFI MOTHERAPY  OTHER LINES SEASE STATUS
SAMPLING SAMPLING DIAGNOSIS TREATMENT LINES n®
#475 75 primary naive 10% unknown =1em carboplatin resistant 6 months 2 carboplatin + PLD* deceased
#2407 67 primary naive ID& 1300 z1lam carboDItZ:r;l+ padi- resistant 4months 2 carboplatin + PLD® deceased
#2547 56 primary naive D% 1382 0 carboplatin + padi- sensitive 0 1 0 alive, no evidence
taxel of disease
#2699 52 primary naive upfront 15718 >1cam carbopl;t:(r;r padi- resistant 5months 2 cyclophosphamide deceased
#2793 63 primary naive upfront 88 0 carboplatin + chlc— resistant 5 months 2 trabectedin, PLD?® deceased
phosphamide
. . Carboplatin + Cy- partially sensiti- .
#SANOS 56 primary naive upfront 468 0 clophosphamide ve 11 months 3 etoposide deceased
#SANO6 76 primary naive D% 448 0 carboplatin + pacli- resistant 5 months 4 3 cydles PLD,“ +ra- deceased
taxel + trebananib bectedin
carboplatin-PLDs,
carboplatin + padli- partially sentiti- carboplatin-
#SANOS 59 primary naive upfront 943 0 ptaxel P P VVE 10 months 8 padlitaxel, cisplatin, alive with disease
trabectedin, topote-
can, etoposide
#SANO9 38 primary naive upfront 641 0 lost at follow-up Unknown Unknown  Unknown Unknown Unknown
#SAN12 58 primary naive upfront 127 0 Carbupl{;:';r pacli- resistant 4months fost a:_lf:”OW_ Unknown deceased
#SAN21 67 primary naive upfront 1988 =1cm Carb‘)pltz:r;ﬁ padi- resistant 4months 2 PLD*+ trabectedin deceased
carboplatin + pacli-
#SAN37 57 primary naive upfront =10,000 =1am taxel + bevacizu- resistant 6 months 3 2 cycles PLD® deceased
mab

Tab. 4.2.1: Clinical information and clinical course of patients whose tumors have been propagated as the 12
PDX lines selected for in depth-analyses: patients’ clinical information, therapy administered and patients’
clinical course. All the PDX lines selected derived from HGS-EOCs naive primary tumors.

In order to identify possible drivers and actionable genetic aberrations in these 12 PDX lines,
attention was focused on SNVs and copy number alterations (CNAs) affecting cancer-related
genes reported in COSMIC ®. Thus, Whole Exome Sequencing (WES) was performed which
detected 2743 SNVs in 2314 genes. The results obtained using WES were compared with TCGA
data and we found that 79% of mutated genes in our PDXs were reported to be mutated also
in TCGA analysis of 523 HGS-EOCs. Moreover, the mutated genes which were not reported by
TCGA (438/487), were listed as mutated genes in other cancer histotype according to Pan-
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Cancer Atlas 118, WES analysis showed that the only mutated gene across the all selected 12

PDX lines was TP53 with an allele frequency approximately =1.0 according to the occurrence

of loss of heterozygosity (LOH).

Analysis of Copy Number Alterations of the 12 selected PDXs showed that those

detected in cancer genes corresponded to those reported in TCGA.

Interestingly, although only a small series was examined, the expected frequency of increased

copy number of CCNE1 (=19%) and PIK3CA (#20%) was found (Tab. 4.2.2). Furthermore, copy

number alterations analyses confirmed the LOH of the TP53 gene in each of the PDX lines (Tab.

4.2.3).
cBioPortal 1D PDX line

GENE hhmmggg%ﬁ;:

oympoL | CYTOBAND  CNV  #SAMPLE % FREQ e33ER g E E § E E E
3 .3 3 £ * = = ® * 3 3 £

MYC 8g24.21 AMP 190 33,22% |NA [NA [NA [NA [NA [NA [NA [NA |NA |NA
NDRG1 892422 AMP 165  2885% NA [NA
AGO2 8q24.3 AMP 159 27,80% NA
MECOM 3q26.2 AMP 159 27,80%
PTK2 8q24.3 AMP 159 27,80%
EPPK1 8qg24.3 AMP 155 27,10%
PLEC 8q24.3 AMP 155 27,10%
RECQL4 8qg24.3 AMP 153 26,75%
PRKCI 3q26.2 AMP 139 24,30% .
EXT1 8q24.11 AMP 132 23,08% NA
RAD21 8q24.11 AMP 122 21,33% NA
TBLIXR1 392632 AMP 119 20,80% NA [NA [NA [NA [NA [NA
PIK3CA 392632 AMP 116 20,28%
CCNE 19q12 AMP 112 19,58% NA [NA
EPHB3 3q27.1 AMP 107 1871% m
S0X2 392633 AMP 105 18,36%
DCUNID1 392633 AMP 104 18,18%
KLHL6 3q27.1 AMP 104 18,18%
MAP3K13 3q27.2 AMP 103 18,01% NA
ETVS 3q27.2 AMP 99 17.31% NA
FGF12 3q28-q29 AMP 97 16,96% NA [NA [NA |NA
EIF4A2 3q27.3 AMP 94 1643%
LPP 3927.3-q28 AMP 94 1643%
TFRC 3q29 AMP 93 16,26% NA |NA
RPL35A 3q29 AMP 92 16,08% NA [NA [NA |NA
P63 3q28 AMP 9N 1591%
BCL6 3q27.3 AMP 90 15,73%
RSPO2 8q23.1 AMP 90 15,73%
BRD4 19p13.12 AMP 69 12,06%
NOTCH3 19p13.12 AMP 68 11,89%
TPM4 19p13.12-p13.11  AMP 65 11,36%
DNAJB1 19p13.12 AMP 64 11,19%
TSHZ3 19912 AMP 64 11,19%
LYL1 19p13.13 AMP 63 11,01%
COX6C 8q22.2 AMP 58 1014% | [NA

from3tos
from6to8

Tab. 4.2.2: CNAs detected in cancer genes in the 12 PDX lines selected. This table show the results of the
CNAs analysis in the 12 PDX lines studied in-depth compared to CNAs of the genes found amplified in
more than 10% of the HGS-EOCs reported in TCGA. On the bottom right color legend for copy number.
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two pages. This table

m

divided

1S

. Table

mes

in the 12 PDX 1

In cancer genes

CNAs detected
shows the results of the CNAs analysis in the 12 PDX lines studied in-depth compared to CNAs of the

genes reported in TCGA study on HGS-EOCs. On the right color legend for the copy numbers. Part 1-4

stands for the four parts of the table.
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4.3 Identification of Possible Drivers and Actionable Mutations

Among the SNVs identified by WES only the somatic ones, with an allele frequency equal or
greater than 0.1, affecting cancer-related genes reported in COSMIC were taken into account
and were analyzed using bioinformatics first:
1) SNPs were ruled out using a SNP database (dbSNP,
https://www.ncbi.nlm.nih.gov/snp).
2) The possible impact of the selected SNVs on the function of the protein encoded by the
relevant genes was carried out using the following bioinformatics tools: PROVEAN,

SIFT and FATHMM . PROVEAN and SIFT are two aligned-based methods and predict

the functional effects of amino-acid substitutions, insertions or deletions 011, FATHMM

predicts the functional consequences of both coding and non-coding variants in the

human genome exploiting the Hidden Markov Models 2.

3) The actionability was considered using the Drug Genome Interaction database (DGidb,

http://dgidb.org/) 1.

These analyses showed that in 3/12 PDX lines (#2793, #SANO8 and #SAN37) there were no
mutations in cancer-related genes other than those detected in TP53; in the remaining 9/12 PDX
lines only some somatic mutations have been predicted to be damaging and/or deleterious by
PROVEAN, SIFT and FATHMM (Tab. 4.3.1).

In the #475 PDX line these analyses identified a possible driver and actionable point
mutation in the PIK3R1 gene, resulting in the W624R amino-acid residue substitution in the
encoded protein p85a, that is the regulatory subunit of the PI3K enzyme. Indeed, p85a
mutations might result in damages of physiological and pathological processes, through the
activation of PI3K pathway via distinct molecular mechanisms. The PIK3R1 mutation in the
#475 PDX line has an allele frequency approximately =1.0, suggesting a loss of function
mutation followed by LOH, in accordance with the oncosuppressor role of this gene. It is worth

mentioning that the genetic analyses of PDXs allows the identification of genetic alteration in
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pure human tissue, as the human stromal component of samples is fully substituted by the

murine one no more than 3 passages.

ID PDXline Bioinformatics tools
2 8882 5 5|, 5 E

w 53 5 2 2 % z2 2 z|S : 2 GENE

$ 83853533333 3|32 ¢ E 3|owea

b = »* ® ®» ® *® = »® ® = »® © o wvi ™
chr1:241675308_T/C | I FH
chr5:67592054_T/C PIK3R1
chr12:56494005_G/T ERBB3
chr9:93606197_T/C SYK
chr3:142286968_C/A ATR
chi7:92300846_C/T CDK6
chr2:47698190_A/G | MSH2
chr2:48033967_C/T MSH6
chr19:9046422_G/A || MUC16
chr6:106552891_C/T PRDM1
chr9:98221918_C/T PTCH1
chr5:131309068_C/T ACSL6
chr22:39382314_T/A APOBEC3B
chr19:42797278_C/G CIC
chr16:11000376_C/T CITA
chr17:57759134_G/C CLTC
chr2:42556056_A/G EML4
chr7:75210555_G/A HIP1
chr7:27237969_G/A HOXA13
chr11:118376703_A/G KMT2A
chr15:40678635_T/A KNSTRN
chr19:9071178_G/A MUC16
chr1:40363430_C/T MYCL
chr13:35632895_T/G NBEA
chr8:90967538_T/C NBN
chr5:176636877_C/T NSD1
chr8:17815218_G/T PCM1
chr1:144931604_G/C PDEA4DIP
chr12:70963659_C/A PTPRB
chr2:107040369_C/T RGPD3
chr10:70332645_A/G TET
chr16:2120560_C/T TSC2
chr7:91737998_G/A AKAP9
chr12:122468673_C/T BCL7A
chr12:22826551_A/T ETNK1
chr4:187530339_T/C FAT1
chr2:48036394_T/C FBXO11
chr12:57107440_C/T NACA
chr17:5250086_T/C H RABEP1
chr8:93026936_C/A RUNX1T1
chr3:9055485_T/A || SRGAP3
chi7:98547836_G/A TRRAP
chr12:95927305_T/A UsSP44
chrX:48547406_G/C WAS
chr11:118772690_C/G BCLIL
chr7:137613012_G/C CREB3L2
chr18:50432491_A/T DCC
chr18:50589777_A/G DCC
chr1:51930989_T/C EPS1S5
chr14:93273219_G/A M GOLGAS
chr19:34687596_G/A LSM14A
chr15:52613556_C/T MYOSA
chr1:144856995_C/G PDE4DIP
chr10:72360406_G/T PRF1
chr12:111856178_C/T SH2B3
chr18:22804508_C/T ZNF521
chr11:108124710_CTGGA/C ATM
chr3:142207498_C/A ATR
chr3:41278096_GT/G CTNNB1
chr3:41278150_GT/G CTNNB1
chr3:37092173_GTTC/G MLH1
chr9:139417432_G/T [ o[ 1 NOTCH1

AF
0.1
om 0.1 to 0.499
=05

dbSNP_ID
no

yes

IPROVEAN PREDICTION (cutoff=-2.5)
NA
Neutral

Deleterious

SIFT PREDICTION (cutoff=0.05)
NA
Tolerated
Damaging

FATHMM Prediction {cutoff=0.75)
NA
PASSENGER/OTHER
CANCER

DGidb
NA

DRUGGABLE GENOME
CLINICALLY ACTIONABLE
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1D PDXline Bioinformatics tools

.55 g2 a S8 8 S8 B & g o
chr3:121208936_A/C | [ POLQ
chr8:145737068_GC/G H RECQL4
chr17:78264463_AGAG/A H RNF213
chr3:9106146_C/T SRGAP3
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chr9:5522575_TG/T PDCDILG2
chr7:91603264_G/T AKAP9
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chr2:215593522_T/C BARD1
chr19:45260971_G/T | BCL3
chr15:91326099_C/T BLM
chr15:91341520_G/A BLM
chr15:91354521_G/A BLM
chr7:2962848_G/A CARD11
chr2:202122956_T/C CASP8
chr3:105421032_C/G CBLB
chr19:45297479_C/T CBLC
chr19:42383351_G/A [ CD79A
chr13:28542699_C/A Cpx2
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chr13:49281554_A/G CYSLTR2
chr22:41574383_A/C EP300
chr17:41606922_T/C ETV4
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chr13:28608473_C/T FLT3
chr13:28623587_C/T FLT3
chr5:180030221_C/T FLT4
chr14:93263964_C/T GOLGAS
chr15:45848153_C/T HMGN2P46
chr2:176958235_A/G HOXD13
chr8:42174380_G/A IKBKB
chr7:151859683_G/A KMT2C
chr7:151879358_G/C KMT2C
chr5:56155618_A/G MAP3K1
chr3:185191196_G/A | MAP3K13
chr19:9011412_C/T MUC16
chr19:9028306_C/G MUC16
chr19:9068374_A/G MUC16
chr19:9068458_A/T MUC16
chr19:9071562_C/T MUC16
chr22:36681797_C/T MYH9
chr13:36158038_A/G NBEA
chr8:90993640_C/T NBN
chr20:50092091_G/A NFATC2
chr20:50092185_T/C NFATC2
chr8:32621630_C/T NRG1
chr15:34648935_G/T NUTM1
chr7:6026607_T/A PMS2
chr7:6026865_T/C PMS2
chr12:133202740_C/T POLE
chr12:133202816_C/T POLE
chr20:41420095_T/C PTPRT
chr2:109356978_G/C RANBP2
chrX:47041666_G/C Bl remo
chr3:181430391_T/G SOX2
chr2:37111123_G/A STRN
chr5:1254594_C/T TERT
chr9:135779052_G/A m TSC1
chr15:50763945_T/A Usp8
chr3:149374873_G/T WWTRT
chr19:54080067_T/C ZNF331
chr22:29444445_C/A ZNRF3

AF
< 0.1
from 0.1 to 0.499
> 0.5

dbSNP_ID
no

yes

PROVEAN PREDICTION {cutoff=-2.5)
NA
Neutral

Deleterious

SIFT PREDICTION (cutoff=0.05)
NA

Tolerated

Damaging

FATHMM Prediction (cutoff=-0.75)
[] NA

PASSENGER/OTHER
CANCER

DGidb
NA

DRUGGABLE GENOME
CLINICALLY ACTIONABLE

Fig. 4.3.1: SNVs in cancer-related genes found in the selected 12 PDX lines derived from naive HGS-EOCs
using WES. Table is divided in two pages. All mutations reported have an allele frequency > 0.1. On the left,
the mutated sequence for each gene is indicated. On the right the results of the bioinformatics analyses
performed with PROVEAN, SIFT and FATHMM,, and the screening obtained with DGidb and dbSNP. Color
legend is reported on the bottom right.
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4.4 Study of PIK3R1 W62k Mutation Outcome: Structure-based Approach

As mentioned above, bioinformatics analysis (Tab. 4.3.1) showed that PIK3R1"*Ris predicted
as deleterious and damaging by all three used software and possibly actionable by the DGidb.
As reported in literature and mentioned in the Introduction (see paragraph 1.5), the p85 subunit
is not a kinase itself and its functions are mediated by the interaction with protein partners,
among which the best known are the p110 PI3K subunits. The W624R amino acid substitution
is in the cSH2 domain. The structure of p85a consists in several domains which are differently
involved in the interactions with protein partners. In particular, nSH2 and iSH2 are two
domains involved in the interactions with p110a; BH domain is supposed to be involved in
p85a homodimerization and/or PTEN interactions; conversely the function of SH3 and ¢SH2
domains is still not completely understood (Fig 4.4.1).

Mutations in PIK3R1 are very common across cancer lineages, but less common in ovarian
cancer, and several hotspot regions have been identified. Among these, the most studied are
those in domains involved in the binding with p110a "2 In figure 4.4.1 p85a domains are
depicted and the most frequent mutations detected in cancer are highlighted.

To better understand the potential role of PIK3R1W¢2*Ras driver in the #475 PDX line and its role
in protein function we decided to use a structure-based approach in collaboration with a
crystallography expert. The possible role of the W624R mutation in the interaction between
p85a with p110a was studied exploiting the known crystal structure of PIBK subunits (Fig
4.4.2). Regrettably, only the crystal structure of human p110a in complex with nSH2 and iSH2
domains of p85a is available in protein databank (PDB ID 4L1B) and not in complex with the
cSH2 domain in which the W624R is located.

Hence, we explored the possible role of the amino-acid residue homologue to the W624 in
mouse p85 being available the crystal structure of mouse p110p isoform in complex with iSH2
and c¢SH2 domains of mouse p85p isoform (PDB ID 2Y3A, Fig. 4.4.2 (C)). Structure

superimposition showed that mouse p85p3 shares common folds with the human p85a
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counterpart. Sequence alignments demonstrated that human p85a and mouse p853 display

73% homology and 59% identity, whereas human p110a and mouse p1108 sequences have 57%

homology and 40% identity, respectively.

According to sequence alignment (Fig. 4.4.2 (D)), the W624 in the human p85«a

corresponds to W616 in the mouse ¢SH2 domain of p85p. The comparison showed that the

W616 in the cSH2 domain of mouse p85f is not involved in the interaction between murine

p85P and p110B. Thus, the structure-based approach did not help in predicting the possible

role of the W624R mutation in PIK3R1.

H180fs
':‘1452225 V181fs
Qis3fs  L182fs
fleor Q201fs

R162*  M206fs

1133N 1220fs

Proline-rich domain 1

278

E296fs
R301*
Q302%
Q329fs

331

Q572*
L573fs
R574fs

T576del/fs
D578fs

QY579_580H

L370fs Q579fs

1381fs*15 QYL579L
R386* Y580fs
T397fs L581fs
F398fs M582fs
Q586fs
R590fs

DKRMNS560del
E439del N564D/K
NSIKPDLIQL564del

KS459delN

414 622

\/

domains involved in p110« interactions

Fig. 4.4.1: PIK3R1 protein primary structures and domains. In this figure the domains of p85a are depicted
with the most frequent mutations detected in cancer. In green are reported mutations which could be involved

in p85a homodimerization and/or PTEN interactions; in purple are shown neomorphic mutations which could
activate MAPK signaling pathway (see Introduction, paragraph 1.5); in black are mutations which impair the
interactions with p110a. For data about mutations localization see reference [11].
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A

sH3 —  RhoGAP  —JIETT- iSH2 - | cSH2

v =

human p85a 583 WLTQKGVRQKKLNEWLGNEN-TEDQYSLVEDDEDLPHHDEXYWHVGSSNRNKAENLLRGK 641
. WLTQKG RQ+K+NEWLG +N TEDQYSL+ED++ LPHH+E+JW|VG NR +AE +L GK
murine p853 582 WLTQKGARQRKINEWLGIKNETEDQYSLMEDEDALPHHEERIWYVGKINRTQAEEMLSGK 641

Fig. 4.4.2: Crystal structure of p110a complexed with the p85a subunit in human PI3K. (A) Domain
organization of p85a. (B) Available crystal structure (PDB ID 4L1B) of human p110a isoform with catalytic
activity (grey) complexed with nSH2 (blue) and iSH2 (green) domains of human p85a; (C) available crystal
structure (PDB ID 2Y3A) of mouse p110f in complex with iSH2 (green) and ¢SH2 (pink) domains of mouse
p85p; (D) Alignment of the cSH2 domains of human p85a and mouse p8503; homology is shown in the middle:
W624 the human p85a protein is conserved and corresponds to the W616 of the mouse p85( protein (red box
in D).

4.5 PIK3R1 W62R Results in the Activation of the PI3K Pathway

The detection of PIK3R1 VR mutation with an allele frequency approximately =1.0 in PDX line
#475, suggesting a potential role as trunk mutation, has prompted me to investigate in depth
whether the PI3K/AKT pathway was activated in this PDX line. To this aim, IHC staining was
performed on TMAs sections of the selected 12 PDXs studied (Tab. 4.2.1) to detect the
expression of phospho-56 as a proxy of AKT activation, being the phosphorylation of S6 more
reliably detectable using IHC than phospho-AKT. Figure 4.5.1 reports representative images of
TMAs staining, which shows that the level of phospho-56 is considerably higher in PDX #475
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in comparison with other PDX lines without mutations in gene involved in the
PI3K/AKT/mTOR pathway, suggesting a likely activation of PI3K pathway in the #475 PDX

line.

#475 #SANOS5 #SANO8 #2699

Fig. 4.5.1: Representative images of the expression of phospho-56 as a proxy of PI3K activation in PDX
samples. TMAs of PDX lines were stained with apSé6 (top) and aS6 antibodies (bottom) as a readout of
PI3K/AKT/mTOR pathway activation. In the PDX line #475, carrying the PIK3R1Wé2R mutation, is visible a
higher level of phospho-S6 compared to PDX lines without mutations of genes involved in this pathway.
Numbers on the top are those of PDX lines as catalogued by the PROFILING approved protocol; on the left
the antibodies used for detection are listed.

4.6 PIK3R1 W624R jg 3 Trunk Mutation in the #475 PDX Line and in the ST

Another hint of the possible driver function of the PIK3R1W¢24R could be its presence at
similar allele frequency in consecutive passages of the #475 PDX line and also in the ST. WES
analyses showed that the mutation in PIK3R1 was detectable in a number of serial and
sequential passages of the #475 PDX line with an allele frequency of about 1.0 (Fig. 4.6.1 (A)).
In addition, in these passages the same TP53 mutation was found with an allele frequency
approximately = 1.0, in line with the role of trunk mutation of TP53 in HGS-EOCs. Interestingly,

as also shown in figure 4.6.1 (A), most mutations were detected in all the examined passages
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of this PDX line, whereas only a few of them were detected in a subset of passages. This
demonstrated the genetic stability upon passages of the #475 PDX line.

To assess the presence of the same mutation in the patient’s tumor we performed
pyrosequencing using two distinct FFPE samples of the source tumor (Fig. 4.6.1 (B-E)). This
analysis has revealed the presence of the PIK3RI"***R in both samples. Moreover, in each FFPE
sample the percentage of the PIK3R1 mutation sequence was the same of the TP53 allele found
mutated in the PDX line (Fig. 4.6.1 (B-E)). As the percentage of the mutated TP53 allele was
considered a reliable proxy of the percentage of tumor cells in the source tumor specimens,
data suggested that PIK3R1"%2R might be a trunk mutation also in the original patient’s tumor.

Intriguingly, the PIK3R1"¢?R was detected with the same AF in another but related PDX
line, which was propagated from a sample of relapsed tumor of the same patient. This
strengthened the possible importance of this mutation. The #475 PDX line carrying PIK3R1W624R
had been propagated from a biopsy sample taken at laparoscopy from a patient with a stage
IIIc HGS-EOC (Tab. 4.2.1 and 4.1.1). This PDX line responded as well as the patient to platinum-
based chemotherapy (for reference see ). Indeed, the patient received neo-adjuvant platinum-
based chemotherapy followed by surgery. After six months the patient relapsed and received
a second platinum-based chemotherapy line that unfortunately was limitedly effective. At the
above mentioned post-chemotherapy surgery, another sample was taken and propagated to
generate the PDX line #1864. This latter as well as the patient no longer responded to
carboplatin (for reference see ). Clinical information about the patient’s relapse and the
corresponding PDX line #1864 is reported in table 4.1.1. Moreover, the #1864 PDX line belongs
to the list of the 43 PDX lines fully characterized and the relevant information are reported in
table 4.1.3 and 4.1.4. The #1864 PDXs displayed the same histological and genetics
characteristics of the primary tumor from which the #475 PDX line has been propagated and of
the #475 PDX line itself. WES demonstrated that the #1864 PDX line carried also the same

PIK3R1%62R mutation with an AF approximately = 1.0.
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Fig. 4.6.1: Identification of the PIK3R1w=r mutation as trunk mutation in parallel and serial passages of the PDX
line #475 and in the corresponding source tumor. (A) The W624R mutation in PIK3R1 is one of several public
mutations found in seven parallel and serial passages of the PDX line #475. (B—-E) Pyrosequencing analysis of
two FFPE samples from distinct blocks of the source tumor. The TP53 and the PIK3R1 mutated sequences
showed the same allele frequency (AF) in each sample. The AF of the PDX line-specific TP53 mutation was
considered as a proxy of the percentage of tumor cells in the human tumor samples. (B) Sequence of PIK3R1
in Control Reference Genome; (C) percentage of PIK3R1wezrin FFPE sample A1l from the paraffin block 2998 of
the source tumor; (D) percentage of PIK3R1werin FFPE sample A4 from the paraffin block 2304 of the source

tumor; (E) percentage of mutated sequences of TP53 and PIK3R1 in the two above FFPE samples.
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4.7 Ex Vivo Assays of PIK3R1W%R as a Driver and Actionable Mutation

As reported above, the structure-based approach to assay the function of the PIK3R1V®*R gave
inconclusive results. On the other side, data showed that the PIK3R1W¢® was likely a trunk
mutation in the PDX lines and the source tumor of the patient. Moreover, the activation of the
PIBK/AKT pathway in the PDX line carrying this mutation has been shown (see above
paragraph 4.5). Altogether, these data prompted me to perform functional assays ex vivo and
in vivo of the PIKBR1W®R, by challenging the susceptibility of PDXs and PDX derived tumor
cells to inhibitors of the PI3K/AKT/mTOR pathway, because this pathway, as mentioned above,
might be activated by the suppression of the p85a regulatory subunit and fruitfully targeted
for therapy. In the introduction (see paragraph 1.4) it was mentioned that primary cultures
derived from patient’s tumors represent an important tool in early phases of drug screenings.
In this work the PDX derived tumor cells (PDTCs) have obtained by digesting PDX derived
tumor pieces, as described in the Introduction and in detail in the Method section. Once
optimized the protocol for PDTCs derivation, the reliability of PDTCs as experimental model
was assayed by testing first the drug response correlation between PDTCs and tumors of origin,

and then the capability of PDTCs to recreate tumors when inoculated in mice.

o 4.7.1 Establishment and Quality Assessment of PDTCs as Ex Vivo Model Part 1:

Carboplatin Sensitivity

Once optimized the protocol for the establishment and the maintenance of the PDTCs (see
the Method section), the first step for quality assessment was the comparison of drug responses
of PDTCs and the corresponding source tumors. Therefore, the sensitivity of PDTCs to
carboplatin was compared to that of the tumors of origin. CellTiter-Glo® viability assays were
performed, treating PDCT lines with carboplatin for 72 hours as indicated in Methods section.
Table 4.7.1 reports the clinical information of the patients from which we derived PDX lines

and subsequently PDTCs cultures. Representative images of these PDTCs cultures are shown
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in figure 4.7.2, which also shows the graph of the dose-response curves of each PDTCs lines
treated with carboplatin. The comparison of carboplatin sensitivity of PDTC cultures to the
clinical response to carboplatin of the corresponding patients showed that PDTCs reproduced

patients” responses.

Patients Clinical Information

TREATMENT RESPONSE TO
PATIENT ID SAMPLE 1st LINE
AGE SAMPLE TISSUE HISTOLOGY STATUS AT 1st LINE
(PROFILING n.) SAMPLING OBTAINED AT CHEMOTHERAPY TREATMENT
#475 75 Primary HGS Naive Laparoscopy Carboplatin Resistant
Interval
#SAN47 74 Metastasis Undifferentiated Treated debulking Carboplatin Sensitive
surgery
Immunotherapy+
#SAN 96 58 Metastasis HGS Naive Upfront surgery  carboplatin+ Ongoing
bevacizumab

Tab. 4.7.1 Patients” information and clinical course. In this table are listed the clinical information of the
patients from which have been derived PDX line and subsequently PDTCs used for the quality assessment L.

In the evaluation of these correlations we have taken into account the limitations of this model
in predicting drug response in ovarian cancer patients. PDTCs are derived and maintained as
short-term cultures, and therefore this model it is not suitable in predicting events of tumors
recurrence and/or acquired resistance events. To overcome this limitation, we linked the drug
response observed in PDTCs with the initial response of the patients to carboplatin. Indeed, as
shown in table 4.2.1, patient #475 positively responded to carboplatin but relapsed after six
months and for this she was regarded as eventually platinum resistant. However, we have
propagated PDX from a sample collected before the chemotherapy regimen and the first
response, although only for six months, of patient #475 came out to be predictable by PDTCs.
Therefore, in the graph of figure 4.7.2 #475 PDTCs line is reported as Carboplatin sensitive.
Conversely, PDX #SAN47 was propagated from a relapsed metastasis and thus it was not
surprising to observe a partial response of the relevant PDTCs to the drugs. This is unrelated
to the classification of the clinical course of the patient as partially sensitive to Carboplatin, who
relapsed more than six months but within 1 year after tretment. Patient #SAN96 has been
enrolled in a clinical trial and thus treated with carboplatin in combination with

immunotherapy and bevacizumab; she is still under treatement with immunotherapy with
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some response. #SAN96 PDTCs resulted resistant after ex vivo treatment with Carboplatin

alone.
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Fig. 4.7.2: Representative images of PDTCs cultures and Carboplatin drug response curves. (A)
Representative images of PDTCs cell line cultures; (B) dose- response curves of the PDTCs short-term
cultures treated with Carboplatin for 72 hours. Drug response data have been analyzed using GR metric.
Numbers associated to PDTCs cultures correspond to that of the PDX line of origin, according to
PROFILING protocol. Scale bar: 10um.

64



o 4.7.2 Establishment and Quality Assessment of PDTCs as Ex Vivo Model Part 2:
Tumorigenicity of PDTCs

Tumorigenicity of PDTCs was tested by reinjecting these cells in mice after culture
establishment. Once derived, PDTCs were maintained in culture for 48 hours and then
inoculated subcutaneously in mice. After 2-3 months the #475 PDTCs line generated tumors in
mice, showing the tumorigenic potential of the cell cultures. Representative images of the HE
staining performed on #475 PDX tumors and on #475 PDTC-derived xenografts are reported in
tigure 4.7.2 which shows that tumors generated by PDTCs resume the histologic characteristics
of the #475 PDX tumors from which PDTCs have been derived. Taken together, these results
suggest that PDTCs are a reliable and suitable model for challenging the susceptibility of #475
PDX line to inhibitors of the PI3K/AKT/mTOR pathway.

A B
#475 PDX LINE #475 PDTCs Xenograft

Xenograft 3

PDXA PDXB ) PDXC

Xenograft 1 Xenograft2
i E \ 5

Fig. 4.7.2 Histology of #475 PDXs compared with #475 PDTCs xenograft. (A)Representative images of the HE
staining on the PDX tumor sections; (B) HE staining of the tumor sections generated after #475 PDTCs
injection in mice. On the left magnifications are indicated. 40x images represent the fields surrounded by the
black squares of the corresponding images on the top. Scale bar 10x: 0.1 mm; scale bar 40x: 50pm.

e 4.7.3 Ex Vivo Assays of PI3K Pathway Inhibitors on #475 PDTCs

SNVs identified in the #475 PDX, its paired #1864 PDX line and ST are numerous and thus it is
important to define the possible role of PIK3R1V®*R as a driver and actionable target. As
mentioned in Introduction (see paragraph 1.1 and 1.2), genomic studies on different cancer
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types have led to the identification of specific genetic alterations as key oncogenic drivers,
defined as mutations able to confer a selective advantage to a cell, through either increasing its
survival or proliferation and, thus, able to cause clonal expansion of the carrier cell 1. These
tindings have prompted the development of therapies targeting these mutations, which have
provided demonstrable clinical benefit. Thus, a number of these mutations have also been
defined as “actionable”, not only because their functional outcome makes carrier cells
responsive to a targeted therapy, but also thanks to the availability of a specific targeted drug.

In order to evaluate the functional outcome of the PIK3R1W2R ex vivo cell susceptibility
assays to drugs were performed. #475 PDX Derived Tumor Cells (#475 PDTCs) were depleted
of mouse cells and propagated as short-term cultures as described above and in the Methods
section. CellTiter-Glo® viability assays and Crystal Violet cytotoxic/cytostatic assays were
carried out by exposing #475 PDTCs to inhibitors of the PI3K/AKT/MTOR pathway as
described in Methods sections.

In these ex vivo experiments, PDTCs derived from another PDX line and commercial cell
lines were used as controls. The following cell lines were selected, based on their known
susceptibility to PIBK/AKT/mTOR pathway inhibitors and on their known mutation spectrum
(Cancer Cell Line Encyclopedia (https://portals.broadinstitute.org/ccle), widely described in
literature:

- A2780 ovarian carcinoma cells, carrying PIK3CA F¢Kactivating mutation and PTEN loss
that make them highly susceptible to the pan-class I PI3K inhibitor Buparlisib (BKM120),
to the p110a specific inhibitor Alpelisib (BYL719) and to the dual PI3K/mTOR inhibitor
Dactolisib (BEZ235).

- OVCARS ovarian carcinoma cells carrying wild-type PIK3CA and the TP53 gene
mutation, but known to be susceptible to the dual PI3K/mTOR inhibitor Dactolisib
(BEZ235), as reported by the Genomic of Drug Sensitivity in Cancer Project

(https://www.cancerrxgene.org/).
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- LNCaP prostate carcinoma cells which are PTEN-mutated and are known to be

exquisitely susceptible to the p110f specific inhibitor GSK2636771.

o 4.7.4 CellTiter-Glo® Viability Assays of PI3K Pathway Inhibitors on #475
PDTCs

The first functional assay performed aimed at testing Buparlisib sensitivity of PIK3R1We24R
PDTCs in comparison with that of one PDTCs line without mutation in genes involved in
PIBK/AKT/mTOR pathway. Thus, PDTCs were derived from the #2085 PDX line, which was
propagated from a bona fide HGS-EOC carrying mutations of the TP53 and BRCA2 genes (for
information see Tab. 4.1.1, 4.1.3, 4.1.4) but not in genes involved in the PI3K/AKT/mTOR
pathway. #475 PDTCs and #2085 PDTCs were treated with Buparlisib for 72 hours and drug
response data of this experiment are plotted in the graph of figure 4.7.4, which shows that #475
PDTCs carrying PIK3R1W¢*R, are considerably more sensitive to Buparlisib in comparison to
#2085 PDTCs.

2,5
W #2085 PDTCs

W #475 PDTCs

GR value

0,25 0,5 0,75 1 1,25 1,5 2 2,5 3,5
Buparlisib pM

Fig 4.7.4: Comparison between the response of the PIK3R1W¢R carrying PDTCs and control #2085 PDTCs
to the pan-class I PI3K inhibitor Buparlisib. In the graph the dose-response curves are reported of
CellTiter-Glo® viability assays carried out for 72 hours. Data are the mean of three independent

experiments with standard errors for each experimental point.
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Drug response data were analyzed with GR metrics, which is able to normalize the drug
response on cell doubling along the experiment (see Methods section for references).
Afterward, the sensitivity of #475 PDTCs to other PI3K inhibitors was tested. As
previously mentioned, in this set of experiments we used as controls three different cell lines:
A2780, OVCARS8 and LNCaP, whose mutation spectrum is described above. #475 PDTCs and
the control cell lines were treated with Buparlisib, Dactolisib, Alpelisib and GSK2636771, whose
specificity is also reported above (see paragraph 1.5), for 72 hours (Fig. 4.7.5 (A-D)).
The #475 PDTCs resulted highly susceptible to the pan-class I PI3K inhibitor Buparlisib,
displaying a response curve similar to that of the positive control A2780 cells (Fig 4.7.5 (A)).
Moreover, #475 PDTCs positively responded to the dual PI3K/mTOR inhibitor Dactolisib, and
to Alpelisib, that is the p110a specific inhibitor. Figure 4.7.5 (B) shows that #475 PDTCs
susceptibility to Dactolisib was similar to that observed in the positive control OVCARS.
Similarly, the susceptibility to Alpelisib in #475 PDTCs is comparable to that of the most
sensitive A2780 control cell line (Fig. 4.7.5 (C)). Conversely #475 PDTCs did not respond to
treatment with GSK2636771, the pl110f selective inhibitor, displaying a response trend
comparable to that of the resistant A2780 and OVCARS cells (Fig. 4.7.5 (D)).
The effects of these four PI3K pathway inhibitors have been evaluated also using Western blot.
As indicated in Methods section, #475 PDTCs, A2780, OVCARS8 and LNCaP were treated with
the inhibitors at different concentration for 24 hours and the phosphorylation status of AKT
was evaluated as a proxy of PI3K pathway activation (Fig. 4.7.5 (E-H)). Treatments of #475
PDTCs with Buparlisib, Alpelisib and Dactolisib induced a strong dose-dependent down
modulation of phospho-AKT (Fig. 4.7.5 (E-G)), which was poorly affected by GSK2636771 (Fig.
4.7.5 (H)).
The susceptibility of #475 PDTCs to dual PI3K/mTOR inhibitors was also challenged in another
experiment using Gedatolisib (PKI587), which is currently under evaluation in a phase III trial
139, Data obtained in this experiment confirmed what observed with Dactolisib treatment as
#475 PDTCs positively responded also to this dual PI3K/mTOR inhibitor (Fig. 4.7.6).
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Fig. 4.7.5: Response of PIK3R1Wé2R carrying PDTCs and control cell lines to inhibitors of the PI3K/AKT/mTOR
pathway. (A-D): Dose-response curves after 72 hours of treatment in CellTiter-Glo® viability assays.
Normalized growth rate (GR value) inhibition metrics of three replicate experiments are shown to take into
account cell division rates, + error bars for each experimental point. The sign of GR values relates directly to
response phenotype: positive for partial growth inhibition, zero for complete cytostatic effect and negative
for cytotoxicity. The x axis shows drug concentration on a log10 (Log) scale. (E-H) Western blot analysis of
AKT phosphorylation in response to drugs, as a proxy of PI3K pathway activation status.
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Fig. 4.7.6: Response to Gedatolisib (PKI587) of #475 PDTCs, A2780 and OVCARS cells. Dose- response curves
to Gedatolisib were assayed in CellTiter-Glo® viability assay for 72 hours at the same concentrations used for
Dactolisib treatment of figure 4.7.5 (B).

As mentioned above the #475 PDX line carrying PIK3R1W®%R had been propagated from a
biopsy sample taken at laparoscopy from a patient with a stage IlIlc HGS-EOC (Tab. 4.2.1 and
4.1.1). This PDX line responded as well as the patient to platinum-based chemotherapy (for
reference see !*4). Indeed, the patient received neo-adjuvant platinum-based chemotherapy
followed by surgery. After six months the patient relapsed and received a second platinum-
based chemotherapy line that unfortunately was limitedly effective. At the above mentioned
post-chemotherapy surgery, another sample was taken and propagated to generate the PDX
line #1864. This latter as well as the patient no longer responded to carboplatin (for reference
see 1), In a previous work of Di Renzo’s group, #1864 PDX line has been widely characterized.
In particular, its susceptibility to other drugs used in clinic as second-line treatment, such as
gemcitabine, trabectedin and pegylated liposomal doxorubicin, was assayed. The drug
response of #1864 PDX line had been compared to that of #475: albeit #475 PDX line positively
responded to the all treatments, #1864 PDX line no longer responded to trabectedin and
gemcitabin, as well as carboplatin [165]. The #1864 PDX line was sequenced and found to carry
the same PIK3R1W¢*R mutation of #475 with an AF of about 1.0. Thus here the susceptibility of

#1864 PDTCs derived from this PDX line to PI3K/AKT/mTOR pathway inhibitors is shown. In
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these set of experiments, the #1864 PDTCs were treated with Buparlisib, Dactolisib, Alpelisib

and GSK2636771 in CellTiter-Glo® assays for 72 hours and #475 PDTCs line was used as control.

Figure 4.7.7 shows that the susceptibility of #1864 PDTCs to the four mentioned

PIBK/AKT/mTOR inhibitors is comparable to that of #475 PDTCs, providing further evidence

on the possible role of the PIK3R1W*R as a driver and actionable mutation.
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Fig. 4.7.7: Susceptibility to PI3K/AKT/mTOR pathway inhibitors of #1864 PDTCs. In this experiment #475 PDTCs
used as control cell. In the figure are shown the responses of #1864 and #475 PDTCs to Buparlisib (A), Dactolisib
(B), Alpelisib (C), GS5K2636771(D) upon 72 hours of treatment in CellTiter-Glo® viability assay. Samples were
treated with the same range of drug concentrations used in the experiments shown in figure 4.7.5 (A-D) but with

less experimental point.
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o 4.7.5 Crystal Violet Cytotoxic/Cytostatic Assays of PI3K Pathway Inhibitors on
#475 PDTCs

In the introduction section (paragraph 1.5) it was mentioned that PI3K pathway is important
not only in the regulation of cell proliferation but also in cell metabolism. CellTiter-Glo®
viability assay measures the intracellular ATP production as read-out of cell viability. Several
drugs, like PI3K pathway inhibitors, are known to impair cell metabolism and consequently
ATP production; therefore, the effects of PI3Ki should not be solely estimated using CellTiter-
Glo®. For this reason, also Crystal Violet cytotoxic/cytostatic assays were carried out.

#475 PDTCs and two control cell lines (A2780 and OVCARS) have been exposed to
Buparlisib, Dactolisib, Alpelisib and GS5K2636771 for 72 hours at the same drug concentration
ranges used in previous experiments. Afterwards, the drug response data have been analyzed
with GR metrics similarly to the above experiments (for reference see Methods section). As
shown in figure 4.7.8 (A-D)) the susceptibility of #475 PDTCs to these drugs, previously
observed in CellTiter-Glo® assays (Fig. 4.7.5 (A-D)), was confirmed also by Crystal Violet
cytotoxic/cytostatic assays (Fig 4.7.8 (A-D)). In particular, #475 PDTCs susceptibility to the pan-
class I PI3K inhibitor Buparlisib (BKM120), to the p110a specific inhibitor Alpelisib (BYL719)
and to Dactolisib (BEZ235), was comparable to that of the positive controls (Fig. 4.7.8 (A-C)).
Conversely, but not surprisingly, #475 PDTCs did not respond to the treatment with the p110f3
selective inhibitor, GSK2636771 (Fig. 4.7.8 (D)) also in cytotoxic/cytostatic assays. Subsequently,
the downstream effects onto the PI3K pathway of these four treatments were also evaluated
with Western blot analyses of the phosphorylation status of AKT and S6 as proxy of PI3K
pathway inhibition. Results of this analysis, shown in figure 4.7.9 (A-C) confirmed what
observed in viability assays, being the AKT and S6 phosphorylation status modulated by drug

treatments as expected.
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Fig. 4.7.8: Cytostatic/cytotoxic effect of PI3K pathway inhibitors on PI3KWe2R carrying PDTCs and control cell
lines, evaluated with crystal violet staining. Control cell lines and the indicated drugs are described in the
section 4.7.3. The effects were determined fixing and staining cells 72 hours after treatment and quantified as
described in the Methods section. Representative images of #475 PDTCs and control cell lines stained with
crystal violet are shown on the left of each graph in which the drug concentration used are also reported.
Graphs show the quantification of the drug responses. Quantifications were carried out using the mean of
three independent replicates + standard errors. (A-B) Treatments with Buparlisib and Dactolisib; (C-D)
Treatments with the isoform-selective inhibitors for pl00a and p100B, Alpelisib and GSK2636771,
respectively.
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Fig. 4.7.9: Western blot analysis of S6 and AKT phosphorylation status. Western blot analyses were performed
to assess the down-stream effects exerted by the treatments on the phosphorylation status of S6 and AKT as a
proxy of PI3K pathway activation. Unlike the western blot experiments shown in fig. 4.7.5 (E-H), in these
experiments different concentrations were used of Buparlisib, Dactolisib, Alpelisib and GSK2636771 in order
to decrease the number of the experimental points and to fit all samples of the same cell line in the same gel.
(A) A2780; (B) OVCARS; (C) #475 PDTCs. Western blot analyses and cytostatic/cytotoxic assays were
performed using the same cells, at the same passages used in fig 4.7.8.

4.8 In Vivo Assays of PIK3R1W¢%R Actionability

Since Buparlisib acts on all the isoforms of Class I PI3K and the ex vivo experiments have shown
that #475 PDTCs are exquisitely susceptible to this drug, response to Buparlisib of the #475 PDX
line carrying the PIK3R1%¢R was assayed also in vivo.

For in vivo experiments #475 PDXs have been propagated in mice in order to get two cohorts:

one for treatment with Buparlisib and one for control treatment with vehicle. In figure 4.8.1 is
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reported a schematic representation of the schedule followed in these experiments (for details

see Methods section, paragraph 3.2).

Randomization
Paraffin embedded tissues

. Tumors latency and growth To| W1 W2 W3 - Snap frozen tissues

100 mm3

Vital frozen tissues

Tumor implants Start treatment

Fig. 4.8.1: Schematic representation of the treatment schedule used in the in vivo experiments. Treated mice
received Buparlisib at 20mg/Kg whereas control mice were treated with vehicle alone. Mice were treated
for 3 weeks, five days a week and at the end of experiment xenograft samples were processed for further
analyses.

For the in vivo experiments, after the growth of xenograft to approximately 100 mm?, animals
were randomized using the LAS suite 1 and divided in two cohorts made of 6 mice each: one
for treatment with Buparlisib at 20mg/Kg and one for controls that received vehicle alone. The
dose of 20 mg/kg has been chosen because it has been already reported in literature to be
effective in PDX models of other cancer histotypes 1¢-1%8, Moreover, treatment with doses higher
than 30 mg/kg resulted in mice toxicity *. Tumor volumes were measured twice a week along
the experiment and data of tumor growth were analyzed to estimate the in vivo effects of
Buparlisib treatment. Figure 4.8.2 shows that Buparlisib considerably delayed tumor growth in
treated mice in comparison to the controls.

Since the total decrease of tumor volumes could not allow a proper estimation of possibly
cytostatic agents, immunohistochemistochemical detection of Ki67 has been carried out in
order to evaluate the proliferation index in all tumors of the control and treated cohorts (Fig.
4.8.3 (A-B)). Ki67 staining showed that treatment with Buparlisib significantly decreased the

number of Ki67 positive cells in treated compared to control PDXs (Fig. 4.8.3 (A-B)).
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Moreover, in order to evaluate the PI3K pathway inhibition by drug administration,
immunohistochemistry with phospho-S6 antibody was performed (for details see Methods).
Buparlisib was also able to induce a significant decrease of phospho-56 positive cells in treated
PDXs compared to control PDXs. (Fig. 4.8.4 (A-B)). As mentioned above, the phosphorylation
of 56 is more reliably detectable using IHC than phospho-AKT and thus this is a suitable proxy
of PI3K activation in IHC experiments. These data further highlighted the impairment of
PI3K/AKT/mTOR pathway exerted by Buparlisib treatment of cells carrying the PIK3R1W¢2R,
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Fig. 4.8.2: In vivo response of the PIK3R1W6R carrying PDXs to Buparlisib. Randomized mice were divided
into two cohorts and treated with 20 mg/kg Buparlisib, administered as described in the Methods section.
(A) Growth curves of treated (black lines) and control (green lines) animals.
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Fig. 4.8.3: Immunohistochemical detection of proliferation index in #475 PDXs, treated with Buparlisib. (A)
Representative images of Ki67 positive cells detected in control and treated PDXs: C1-C6 stand for control
mice 1-6, T1-T6 stand for treated mice 1-6 (indicated also in figure 4.8.2); (B) Quantification of Ki67 positive
nuclei evaluated as the mean of the percentage of positive area versus total nuclei area estimated in all
fields of each PDX of the in vivo experiment. The p value has been calculated using unpaired t-Student test.

77



A Control Treated

p<0.0001

%pS6 ™ cells/total area

Control Treated

Fig. 4.8.4: Immunohistochemical detection of phospho-56 as proxy of the decreased activation of PI3K
pathway in #475 PDXs treated with Buparlisib. (A) Representative images of phospho-56 positive cells
detected in treated and control PDXs: C1-C6 stand for control mice 1-6, T1-T6 stand for treated mice 1-6
(indicated also in figure 4.8.2). (B) Quantification of phospho-56 positive cells, evaluated as a percentage of
positive area versus total area estimated in all fields of each PDX of the in vivo experiment. The p value has

been calculated using unpaired t-Student test.
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5. DISCUSSION

Molecular and genetics studies performed on HGS-EOCs have highlighted the profound
genomic instability of this kind of tumor, unraveling the presence of the so-called long tail of
mutation distribution (see paragraph 1.2) in which only a handful of cancer-related genes are
mutated at low frequency (=1%) °. The role in carcinogenesis of genes located in the tail of this
distribution is still unclear and needs to be investigated in order to understand their potential
clinical impact °.

In this thesis attention was focused in elaborating a pipeline to explore this tail and
identify putative driver and actionable cancer-genes in HGS-EOCs.
The pipeline proposed in this thesis is based on Patients” derived models (PDXs and PDTCs) A
number of PDX lines was analyzed first identify mutations and secondly to investigate on the
biological impact of these mutations in protein functions. Thanks to these analyses we have
detected the presence of a rare mutation in the PIK3R1 tumor suppressor gene, consisting in an
amino-acid substitution (W624R) in the cSH2 domain of the encoded protein p85a.
Although the results of our bioinformatics analyses have suggested the potential deleterious/
damaging impact of the W624R substitution in protein function it was difficult to predict its
actual role on ovarian cancer. Then a structure-based approach was endeavored, as it is
considered more specific in predicting driver mutation than the sequence-based one 7.
However, the analysis of the available crystal structures of the human p110a and p85« did not
help in improving our comprehension in PIK3R1V**R role, prompting the idea to use functional
approaches using patient derived models.
The results obtained have shown that PIK3R1V®*R confers susceptibility to pathway inhibition
being the PIK3R1We2R PDTCs highly sensitive to the pan-class I PI3K and to the dual
PIBK/mTOR inhibitors. The ex vivo assays on PDTCs model have also demonstrated that this

mutation confers susceptibility to the p110a specific inhibitor but not to the p110p inhibitor
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GSK2636771, although it had been postulated that the cSH2 domain of the human p85a in
oncogenesis could interact and inhibit the p110 isoform of the PI3K ",

The in vivo experiments using PDX cohorts treated with the pan-class I PI3K inhibitor have
confirmed the ex vivo assays results, providing a further evidence of the invaluable importance
of the PDMs in preclinical research.

As mentioned in paragraph 1.5, PIK3R1 is the 12" most commonly mutated gene across

diverse cancer lineages, among which uterine carcinomas and carcinosarcomas, glioblastoma,
breast and colorectal cancers, with the notable exception of HGS-EOC %112, In this latter cancer
the aberrations in PIK3R1 mainly consist in copy number alterations rather than mutations in
gene sequence which account only about 3% 125128132133, Most of the mutations detected so far in
PIK3R1 generally involve the nSH2 and iSH2 domain of the protein p85«, which are required
for the binding with the catalytic subunit.
The PIK3R1Wé#R here described, is located in ¢SH2 domain. Little is known about those
mutations located ‘outside’ to the hot spot regions. In particular, the same amino-acid
substitution W624R has been previously detected but not characterized in one case of colorectal
cancer, whereas another substitution in this amino-acid residue (W624C) has been found in one
case of non-small cell lung carcinoma (NSCLC) 172173, Moreover, a nucleotide change in the same
codon, leading a non-sense mutation, has been detected in one stomach cancer sample and in
one endometrial carcinoma 74175, Other rare mutations in the cSH2 of the PIK3R1 gene are
reported in COSMIC and TumorPortal 1°¢17¢. The potential role of the mutations in PIK3R1 gene
has been discussed in paragraph 1.5. Particularly it has been focused on the oncogenic potential
of those mutations located in the hot spot regions because unfortunately in the cSH2 domain
of p85a only two mutations have been proposed as likely involved in oncogenesis and tumor
growth 177,

Data obtained not only have confirmed the requirement of proper functional assays for
the evaluation of driving oncogenic effect of any given mutation but, more importantly, have
demonstrated the importance to understand the potential clinical impact of the mutations in
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the cancer genes mutated at low frequency. As well as HGS-EOCs, many tumor types are
characterized by a long tail distribution of mutations. Moreover, some of the genes which are
mutated at low frequencies in some cancers could be more frequently and significantly mutated
in other cancer types. On one hand this evidence could suggest that almost all driver genes
have been already identified. However, on the other hand the fact that many driver genes may
occur at low frequency could suggest the possibility that most of these genes are unknown yet
and needs to be identified. Notably, in preclinical studies of human samples there are many
technical difficulties in identification of low frequency mutations, because of the tumor stroma
contamination °.

The present work has demonstrated, that, using patient derived models, it is possible to
identify low frequency events which can act as drivers in carcinogenesis and play a key role in
tumor maintenance. More importantly using this PDX-based pipeline we also have
demonstrated that among the low frequency mutations, actionable targets could be found.
Several observations had suggested that the impact of any mutation, as well as its actionability,
could be better studied in patient-derived models and in the actual tissue affected. As
underlined in the introduction of this thesis, the genetics and molecular studies in cancer
research, together with the traditional system of anatomic cancer classification, have greatly
enlarged the knowledge in cancer. Unfortunately, in ovarian cancer, gene abnormalities other
than homologous recombination defects are even more difficult to pair with an approved or
investigational drug 8.

In this work it has been shown that PIK3R1W®R carries mutation in a domain which was not
expected to be involved in oncogenesis, but nevertheless it came ut as a driver and actionable
mutation in HGS-EOC, able to make tumors susceptible to the treatment with PI3K/mTOR
pathway inhibitors. The PI3K/AKT/mTOR signaling pathway is one of the most frequently
dysregulated ones in human cancers. More than 40 inhibitors of this pathway have reached

various stages of clinical development, but only a few have been approved by FDA and EMA
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7%, In clinical studies, inhibitors of the pathway have shown limited efficacy and/or
manageability, while p110 isoform-specific inhibitors appear more promising in trials 110143148,
Altogether, the data show that, to assess the function of mutant alleles, assays in patient-
derived models of the relevant cancer, such as PDXs and short-term PDTCs, are extremely
important. Long-term cultures of patients’ samples % are useful for drug screening. Patient-
derived tumor cells ¥, patient-derived tumor organoids (PDTOs) % and other 3D
organotypic models *1% have been shown as a valuable model for rapid drug testing and thus
for co-clinical trials, but their application may be limited by the modest take and throughput.

Therefore, all the patient-derived experimental models should be considered complementary
and not alternative, as every model system is imperfect but suitable in its own way with an

accurate knowledge of its limitations.
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