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“Illness is the night side of life, a more onerous citizenship. Everyone who is born holds dual citi-
zenship, in the kingdom of the well and in the kingdom of the sick.
Although we all prefer to use the good passport, sooner or later each of us is obliged,

at least for a spell, to identify ourselves as citizens of that other place.”
SUSAN SONTAG, IlIness as Metaphor, 1990

“La malattia é il lato notturno della vita, una cittadinanza piu onerosa. Tutti quelli che nascono
hanno una doppia cittadinanza, nel regno dello star bene e in quello dello star male.
Preferiremmo tutti servirci solo del passaporto buono, ma prima o poi ognuno viene costretto, al-
meno per un certo periodo, a riconoscersi cittadino dell’altro paese”

SUSAN SONTAG, Malattia come metafora, 1990
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Abstract

Epithelial Ovarian Cancer (EOC) is the most aggressive gynecological malignancy, mainly due to the
advanced stage at diagnosis and the development of drug-resistant recurrences. Epigenetic modifica-
tions, such as histone methylation/acetylation, are emerging as key regulators of tumor growth and
response to therapies. To verify if they are also involved in the onset of drug resistance in EOC, we
performed a high-throughput Epigenetic Modifiers (EMs)-based screening using four different mod-
els of EOC isogenic Platinum-Resistant (PT-Res) cells. The screening identified G9a/GLP histone
methyltransferases (HKMTS) inhibitors (G9a/GLPi) as the most active compounds in killing all tested
models. Based on these results and the current literature proposing a role for G9a in EOC progression,
the aim of this thesis was to dissect the role of these HKMTs in the development of EOC PT-re-
sistance.

Using biochemical and cell biology approaches we characterized the activity of the G9a/GLPi
UNCO063L1 in inducing cell death alone or in combination with cisplatin (PT), demonstrating that
UNCO0631 was able to improve PT efficacy and increase PT-induced DNA damage both in parental
but especially in PT-Res cells.

Using OVSAHO parental and PT-Res cells as a study model we observed an altered expression of
cell-cell junction markers (i.e. B-catenin, occludin and p120-catenin) modified by PT and then re-
verted by UNCO0631, indicating a role of G9a/GLP in cell-cell junction organization. Accordingly,
PT-Res clones displayed greater ability to form spheres in extracellular matrix respect to their parental
counterpart and UNCO0631 treatment decreased their sphere forming activity.

In search of the possible molecular mechanism(s) explaining UNCO0631 activity we verified that G9a
expression and localization is regulated by PT and is altered in PT-Res EOC cells. Accordingly, PT
treatment increased H3K9me2 and these effects were completely reverted by UNCO0631 treatment.
Then Gene Expression Profile (GEP) in OVSAHO parental and PT-Res cells treated with PT and/or
UNCO0631, combined with Gene Set Enrichment Analyses (GSEA), reveled that Focal Adhesion and
Canonical Wnt pathways were the most significantly enriched in PT-Res respect parental cells in
untreated condition. Moreover, genes belonging to Tight Junction, Canonical Wnt and Focal Adhe-
sion pathways were all enriched in PT-Res cells treated with PT and reverted by UNCO0631. qRT-
PCR analysis confirmed that two genes of the Wnt pathway, namely FBXW11 and BTRC, were
modified by PT in a G9a/GLP-dependent manner in all tested PT-Res isogenic models. Chromatin
immunoprecipitation analyses demonstrated that G9a bound the distal region of BTRC promoter,
more efficiently in PT-Res respect to the parental cells and, accordingly, that BTRC promoter had a
higher degree of H3K9me2 in PT-Res cells. Finally, to prove the role of G9a/GLP in mediating the
effects of UNC0631 we generated OVSAHO PT-Res G9a/GLPX®. When compared with than PT-



Abstract

Res wild type cells PT-Res G9a/GLPX® cells were more sensitive to PT, had increased PT-induce
DNA damage, and the partial recovery of properly organized cell-cell junctions.

Collectively, our data suggest that G9a/GLP inhibition could represent a good strategy to overcome
PT-resistance in EOC. Mechanistically the data support a role for G9a/GLP HKMTs in the regulation
of Wnt/B-Catenin pathway that could explain the acquisition of a mesenchymal stem-like phenotype

observed in PT-Res cells that, in the end, could affect the response to anticancer drugs.
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Introduction

1.1 Epithelial Ovarian Cancer

Ovarian cancer (OC) is the eighth most common cancer in women worldwide and the fifth leading
cause of cancer death in women in the western world, with 259,400 new cases and 184,800 deaths
worldwide annually (Cabasag et al., 2020; Ferlay et al., 2019; Jayson et al., 2014). This high mortality
is mainly due to asymptomatic early-stages that lead to late-stage detection and diagnosis, the peculiar
way of metastatic dissemination, and the intrinsic or acquired drug resistance (Gao et al., 2017; Van
Zyl et al., 2018).

Based on cell types of origin, ovarian cancer can be subdivided in three main clinical categories,
according to the anatomic structures from which they arise: epithelial ovarian carcinoma (EOC), orig-
inating from the epithelial cells that cover the ovaries and the fallopian tubes; sex cord-stromal tumor,
arising from the gonadal stromal surrounding the ovary; and germ cell tumor from germ cells. Among
ovarian carcinomas, EOC is the most lethal group, representing 90% of malignant ovarian tumors
(Stewart et al., 2019; X. Y. Zhang & Zhang, 2016). The International Federation of Gynecology and
Obstetrics (FIGO) has updated the staging system and proposes a four-steps staging for EOCs, based
on the degree of its dissemination at diagnosis. At stage | cancer is limited to ovaries only. By stage
Il the disease involves one or both ovaries, extended to pelvis and affects tubes and uterus. Stage I11
results from spread to the abdominal cavity and lymph nodes. Lastly, stage 1V is characterized by
distant metastasis formation (Javadi et al., 2016).

EOC is a heterogeneous disease and can be subdivided in four main histological subtypes, which
differ in etiology, morphology, molecular biology and prognosis: serous (SC), endometrioid (EC),
clear cell (CCC) and mucinous (MC) epithelial ovarian cancers. Serous tumors include two catego-
ries: high-grade (HGSC) and low-grade serous (LGSC) and represent the majority of advanced-stage
ovarian cancers. The second most common subtype is the clear cell carcinoma, followed by endome-
trioid that could also be divided in high and low grade tumors; finally mucinous ovarian cancer is a
less common tumor histotype (Ramalingam, 2016). HGSCs represent the 70% of all the epithelial
ovarian cancers, whereas LGSCs, ECs, MCs and CCCs subtypes account for <5%, 10%, 3% and
10%, respectively (Javadi et al., 2016; Stewart et al., 2019).

Based on their aggressiveness and invasiveness, EOCs are also subdivided in two main categories:
low-grade type | and high-grade type Il (Figure 1.1). Type | includes low-grade serous, clear cell,
endometrioid, and mucinous tumors, and account for 10% of ovarian cancer related death. These
neoplasms believed to arise from endometriosis or borderline serous tumors, are well-differentiated,
generally confined to the ovary and exhibit relatively stable genomic profile. They are often mutated
in PIK3CA, PTEN, ARID1A, ERBB2, KRAS and BRAF genes (Rojas et al., 2016; Testa et al., 2018),
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are relatively indolent and usually diagnosed at an early stage (Kossai et al., 2018). Type Il lesions,
that include high-grade serous and endometrioid cancers, undifferentiated carcinomas, malignant
mixed mesodermal tumors (carcinosarcomas) and some clear cell carcinomas, principally originate
in the Fallopian tube, are diagnosed at an advanced stage, have an aggressive behavior and dissemi-
nate rapidly. These tumors exhibit marked genomic instability, widespread DNA copy number ab-
normalities and recurrent mutation in TP53, RB1, BRCA1, BRCA2 and NFL1. In addition, these tu-
mors frequently show altered Homologous Recombination (HR) repair pathway, defective in nearly
half of HGSCs (Jayson et al., 2014; Jones & Drapkin, 2013; Kurman & Shih, 2016; Rojas et al., 2016;
Testa et al., 2018).

4 g‘gc g . Low-grade_
* Slow growing
* Encompass all histologies, including:
- low-grade serous carcinoma
- low-grade endometrioid carcinoma
- mucinous carcinoma
~ and some clear cell carcinomas
*They likely evolve through a step-wise
progress from borderline tumors
* Usually chromosomally stable

* High-grade
* Evolve rapidly
*Include:
~ high-grade serous carcinoma
- high-grade endometrioid carcinoma
— carcinosarcoma
- undifferentiated carcinoma
- and some clear cell carcinomas
= No recognizable precursors in the ovary
*Widespread DNA copy number changes

Serous

Figure 1.1. Classification and histopathology of Epithelial Ovarian Cancers. EOCs are molecularly and morpho-
logically subdivided in two groups: Type | tumors (in blue) comprise low-grade serous, mucinous, endometrioid, and
clear cell carcinomas; Type Il tumors (in red) include high-grade serous, endometrioid, clear cell carcinomas and car-
cinosarcoma. The architectural complexity of tissue structures increases from Type | to Type Il tumors (Jones &
Drapkin, 2013).

1.1.1 Current treatment for Epithelial Ovarian Cancer

Despite the classification, all EOC patients are equally treated in first instance with platinum-based
and taxane-based combination chemotherapy, including carboplatin and taxol, following cytoreduc-
tive surgery, as total hysterectomy, bilateral salpingo-oophorectomy, tumor debulking and
omentectomy, that has the purpose to provide a histopathological diagnosis and to establish FIGO
stage (Jayson et al., 2014; Reid et al., 2017). The anticancer activity of platinum (i.e. cisplatin and
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carboplatin) is exploited by the induction of cross-linking within and between DNA strands, causing
single-strand (SS) and double-strand (DS) breaks. Cisplatin particularly reacts with the nucleophilic
N7-sites of purine bases, and a double reaction may covalently link purines. Intrastrand adducts are
produced when purines are located on the same strand, alternatively, if purines are on opposite strands
an interstrand crosslink (ICL) is generated (Figure 1.2) (R. Agarwal & Kaye, 2003; Rocha et al.,
2018).

65% 25% 3-5%
2HO\ /\IHz
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HO ~ SSNH, | Pt <NH3 { _~NH, {
. NH, ‘ RS .
NH,

P— S
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NH;
’ Intrastrand Adduct | | Interstrand Crosslink (ICL)

Figure 1.2. DNA damage induction by cisplatin. Cisplatin forms covalent bonds with DNA. The major of lesions
induced by cisplatin are represented by intrastrand adducts and iterstrand crosslinks (ICL). The percentages represent
the frequency of each type of DNA lesions (Rocha et al., 2018).

Platinum-DNA adducts are recognized and removed by specific DNA repair processes, as Nucleotide
Excision Repair (NER), MisMatch Repair (MMR) and Homologous Recombination Repair (HRR)
systems (R. Agarwal & Kaye, 2003; Van Zyl et al., 2018). In particular, the HRR pathway is involved
in the repair of interstrand crosslink, whereas NER and MMR systems participate in the repair of
DNA damage caused both by ICL and platinum-intrastrand adducts (Damia & Broggini, 2019).
DNA damage causes cell cycle arrest to allow the repair of the lesions if the damage is limited. When
the damage is extended and could not be repaired cells die by apoptosis. Cells with deficient for
BRCAL and BRCAZ2 genes are not able to use the HRR pathway and, therefore, are highly sensitive
to apoptosis triggered by platinum-induced DNA damage. Accordingly, patients with HGSCs due to
hereditary BRCA1 or BRCA2 mutation respond well to PT-therapy and present substantially longer
survival (Chetrit et al., 2008; Cooke & Brenton, 2011).

The first platinum compound introduced in the clinical practice for the treatment of ovarian cancer is
cisplatin. However, because of its dose-limiting toxicity including minor symptoms like nausea and

serious injuries on kidney and peripheral neuropathy, it has been replaced by carboplatin, that is
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another platinum-analogues with comparable efficacy but less toxicity respect to cisplatin. As already
mentioned, platinum compounds are administrated in combination with Paclitaxel, whose mechanism
of action consists of binding the intracellular B-tubulin, leading to microtubule stabilization, Go/M
cell cycle arrest and apoptosis (R. Agarwal & Kaye, 2003). Paclitaxel and carboplatin are currently
recommended by GCIG (The Gynecologic Cancer Inter-Group) as first line chemotherapy in ovarian
cancer, administrated intravenously every 3 weeks for six cycles in most of the patients with ad-
vanced-stage OC (R. Agarwal & Kaye, 2003; S. Kim et al., 2018). In addition to Paclitaxel, other
agents are used in combination with platinum chemotherapy, especially in the relapse setting, includ-
ing liposomal doxorubicin, gemcitabine, and bevacizumab (Chandra et al., 2019). In the last years
platinum-sensitive are also treated with a maintenance therapy with inhibitors of PARP proteins
(PARPI) given to patients for up to two-three years after the completion of chemotherapy (Mirza et
al., 2020). The use of this highly effective maintenance therapy is based on the concept of synthetic
lethality firstly demonstrated in cancer patients for BRCA1/2 mutated tumors (Fong et al., 2009) and
then extended to all ovarian cancer exhibiting an HR deficiency (Mirza et al., 2020).

1.1.2 Platinum-resistance

Despite the majority of ovarian cancer patients well responds to initial chemotherapy, most of them
relapse and develop platinum-resistance (Poveda et al., 2014). Based on the time elapsed between the
end of platinum-based treatment and relapse, referred to as platinum-free interval, patients with re-
current OC are subdivided in three groups: refractory, resistant and sensitive. Patients with recurrent
disease during or within four weeks following platinum-based chemotherapy are categorized as re-
fractory, within 6 months after the last round of chemotherapy as resistant, and at least 6 months after
completion of PT-therapy as sensitive (Figure 1.3) (Binju et al., 2019; Oronsky et al., 2017; Van Zyl
etal., 2018).
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Figure 1.3. Platinum sensitivity classification. Based on response to platinum chemotherapy patients are classified
as refractory, resistant, partially sensitive or sensitive, according to the time elapsed between the end of first-line treat-
ment and the relapse. Probability of re-treatment response is shown (Oronsky et al., 2017).

It is well established that HGSEOC patients with HRR deficiency, for instance those carrying BRCA
mutations accumulate double-strand breaks after platinum chemotherapy, leading to increased apop-
tosis and higher sensitivity to platinum treatment. Based on the absence of any pre-existing resistant
cells within the tumor mass, any residual disease or regrowth, platinum-sensitive patients are typically
re-treated with platinum-based chemotherapy, although the persistence of previous therapy side-ef-
fects such as neuropathy and pancytopenia, dictate the choice of subsequent treatments (Cooke &
Brenton, 2011). As mentioned above platinum-sensitive either in first line or after recurrences, can
be treated with PARP inhibitors as maintenance therapy after platinum. Indeed, this class of agents is
extremely active in HRR-deficient cells and their activity has been validated in clinical trials in
BRCA1/2 mutation carriers with ovarian carcinomas (Damia & Broggini, 2019). The mechanism of
action of PARP inhibitors, including Olaparib, Rucaparib and Niraparib, is exploited by base excision
repair inhibition and PARP-DNA complexes trapping at the replication fork, leading to synthetic
lethality of HRR-defective cells (Konstantinopoulos & Matulonis, 2018). However, restoration of HR
repair system by reversion mutations or intragenic deletions in BRCA1 and BRCA2 mutated genes,
can lead not only to platinum-resistance but also to PARP-inhibitors acquired resistance development
(Van Zyl et al., 2018).

Intrinsic drug resistance assumes that in HGEOC a small population of platinum-resistant cancer cells
exists before treatment and emerges once treatment has killed their platinum-sensitive counterpart.
These results in re-growth of the tumor and low probability that will respond to further treatment with
platinum drugs (Cooke & Brenton, 2011; Holmes, 2015). Approximately the 14% of HGSC patients
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(refractory patients) present intrinsic (primary) drug resistance, not responding to initial platinum
therapy. Platinum-resistant patients, instead, despite their initial sensitivity to chemotherapy, develop
an acquired resistance selected by drug treatment (Figure 1.4) (Cooke & Brenton, 2011; Van Zyl et
al., 2018). In this case, small populations of cells adapt to prevent death and continue to grow after
platinum, repopulating tumor bulk and lead to rapid relapse and resistance to further treatment. For
these patients is excluded the possibility to be re-treated with the standard platinum-based chemo-
therapeutic regimen, thus alternative treatment is needed. Currently, platinum-resistant patients can
be subsequently treated with alternative drugs, as liposomal doxorubicin, topotecan, gemcitabine,
etoposide and vinorelbine, with an average response rate only about 10-15% and a median progres-
sion-free survival of 3-4 months (Lisio et al., 2019; Van Zyl et al., 2018).

primary tumour
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platinum-resistant platinum-sensitive
PFI < 6 months PF| > 6 months
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resistant tumour recurrent tumour
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7 ToRN P
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recurrent tumour
-
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@
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Figure 1.4. Schematic model of intrinsic and acquired resistance in HGSC. As indicated by the violet mass, plati-

num-resistant cells are present in the tumor before treatment and emerged once platinum-base chemotherapy has killed

their platinum-sensitive counterpart (Binju et al., 2019).
Different mechanisms are responsible of platinum-resistance, in particular dysfunctional DNA repair
and/or tolerance to DNA lesions (Van Zyl et al., 2018). Indeed, the response of a cancer cell to DNA
alkalylatin-like agents, as cisplatin and carboplatin, is dictated by its ability to detect and repair DNA
damage. For this reason, primary resistance, that occur in 15-25% of HGSC patients, is principally
associated with HRR-proficient tumors (Konstantinopoulos & Matulonis, 2018; Van Zyl et al., 2018).
About the 50% of HGSCs harbor genetic or epigenetic alterations in Homologous Recombination
Repair. Germline and somatic mutations in BRCAL/2 are present in 22,6% and 6-7% of high-grade
serous EOCs, respectively. In addition to mutations, BRCAL can be inactivated via promoter hyper-
methylation, that is mutually exclusive respect to BRCA1/2 mutations and is recorded approximately
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in 10-20% of EOCs (Konstantinopoulos & Matulonis, 2018). As already mentioned, HRR deficiency
is determinant for platinum response and is exploited for treatment with PARP (poly-ADP-ribose
polymerase) inhibitors. Clinically, HR-deficient (HRD) EOCs patients, exhibit significantly higher
response rates and prolonged progression-free survival after platinum treatment, and commonly well
respond to platinum treatment in case of recurrent disease. However, the restoration of HRR pathway
for instance by a decrease of BRCAL1 promoter methylation or by the acquisition of secondary muta-
tion in BRCA1/2 of germline mutation carriers (reversion mutations) that restore BRCA1/2 function,
can lead to drug resistance (Freimund et al., 2018).

Among the other biological processes contributing to platinum-resistance, Epithelial Mesenchymal
Transition (EMT) emerges. During this process tumor cells switch from an epithelial to a mesenchy-
mal phenotype, determined by the upregulation of transcriptional repressors, such as Snail, Slug,
Zebl/2 and Twist, that leads to loss of epithelial markers (i.e. E-cadherin) and concomitant acquisi-
tion of the mesenchymal ones (i.e. Vimentin and N-cadherin) (Schwarzenbach & Gahan, 2019). Typ-
ical phenotypic hallmarks of EMT are the loss of cell-cell junctions, loss of apical-basal polarity and
acquisition of migratory and/or invasive properties (Haslehurst et al., 2012).

Likewise, the acquisition of epigenetic alterations, as DNA methylation and histones post-transla-
tional modifications, has demonstrated to be implicated in drug resistance, because of their role in
transcriptional repression of tumor suppressor genes, involved in different biological processes, as
apoptosis, cell cycle regulation and DNA repair. Platinum-resistance can be also owed to the presence
of Cancer Stem Cells (CSCs), a small subset of cancer cells that indefinitely self-renew, and initiate
and maintain tumor growth. Remaining in quiescence for prolonged periods, they are not interested
by chemotherapy effects, and for this reason can cause relapsed disease (R. Agarwal & Kaye, 2003;
Schwarzenbach & Gahan, 2019; Van Zyl et al., 2018). Other mechanisms contributing to PT-re-
sistance are represented by a decrease drug influx or increase drug efflux, or mutations in membrane
transporter proteins. For example, overexpression of the two copper efflux transporters ATP7A and
ATP7B, involved in the efflux of platinum drugs, lead to PT-resistance, as well as enhanced expres-
sion of ATP-binding cassette (ABC) proteins. Among them, ABCG2 (ATP-binding cassette sub-
family G member 2), ABCB1 (or MDR1, multidrug resistance protein 1) and ABCC1 (or MRPL1,
multidrug resistance associated protein 1) overexpression in tumor tissues is considered a major cause
of limited efficacy of anticancer drugs (Spitzwieser et al., 2016; Toh et al., 2017). Similarly, a de-
creased expression of the copper influx transporter CTR1, has been shown to be involved in PT-
resistance, leading to reduced intracellular drug accumulation (Kilari et al., 2016; Samimi et al., 2004;

Sonego et al., 2017). Of course all mechanisms able to prevent apoptotic cell death are considered
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bona fide mechanisms of PT-resistance. In Figure 1.5 are shown some of the mechanisms involved

in drug resistance discussed above.
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Figure 1.5. Mechanisms involved in platinum- and PARP inhibitors-resistance of EOC. Alterations in drug efflux
and influx, suppression of apoptosis via 53BP1 loss of function, increased DNA damage repair are some of the potential
mechanisms involved in drug resistance of Epithelial Ovarian Cancer (Freimund et al., 2018).

1.2 Whnt signaling pathway in Ovarian Cancer

The Wnt signaling is divided into the -catenin dependent (Canonical) and the B-catenin independent
(non-Canonical) pathways. Here we will focus on the Canonical Wnt pathway since it relates to can-
cer progression and seems to play a relevant role in ovarian cancer (Arend et al., 2013).

The Wnt/B-catenin pathway activation is determined by the binding of WNT molecules to the Frizzled
(FZD) family receptors and low-density lipoprotein receptor-related proteins (LRP5/6) on cells sur-
face. Upon receptor-ligand binding, two kinases (CK1 and GSK3p) phosphorylate LRP5/6 and Di-
shevelled (Dvl) molecules are recruited to the plasma membrane where they interact with FZD pro-
teins. The subsequent interaction of Axin with phosphorylated LRP5/6 and Dvl inactivates the de-
struction complex of B-catenin, that, therefore, is now able to enter the nucleus. Here -catenin forms
a complex with the transcription factors TCF/LEF, leading to the expression of Wnt target genes (i.e.
CCND1, c-Myc) eventually controlling cell proliferation, differentiation and migration. In absence
of WNT ligands, B-catenin is recognized and bound by the destruction complex, composed by CK1,
Axin, APC and GSK3p. More specifically, GSK3p3 and CKI1 phosphorylate B-catenin, then

12
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ubiquitylated by B-TRCP1 and B-TRCP2 E3 ligases and rapidly degraded by 26S proteasome. Low
[-catenin cytoplasmic levels lead the recruitment of the co-repressor Groucho to TCF/LEF transcrip-
tion factors, preventing the transcriptional activation of target genes (Figure 1.6) (Arend et al., 2013;
Daugherty & Gottardi, 2007; Katoh, 2017).

A B

Canonical Wnt/R-catenin Canonical Wnt/R-catenin
Pathway: OFF Pathway: ON

Frizzled

----------

ks
@ B-Cate
-

degradation

Cytoplasm

T [

Nucleus

Figure 1.6. Canonical Wnt signaling pathway. A) Wnt/p-catenin pathway OFF: in the absence of WNT molecules
bound to Frizzled receptors and LRP5/6 co-receptors, B-catenin is recognized and bound by the destruction complex
(CK1, GSK3pB, Axin and APC), leading to the phosphorylation and subsequent proteasomal degradation of B-catenin.
B) Wnt/p-catenin pathway ON: after the Wnt ligand binding with FZD and LRP5/6, Dvl recruits Axin, CK1 and
GSK3p on the membrane, disrupting the destruction complex. 3-catenin is accumulated in the cytoplasm and subse-
quently enters the nucleus, where it forms a complex with the transcription factors TCF/LEF and activates the Wnt
target genes transcription (Palomer et al., 2019).

Dysregulations in Wnt signaling have been described in many cancers, principally due to mutations
in B-catenin or other members of the pathway, hypermethylation and silencing of secreted frizzled-
related proteins, and overexpression of WNT ligands or receptors, that overall result in increased
cancer cell proliferation and migration, and often the development of PT-resistance (Schwarzenbach
& Gahan, 2019). It has been demonstrated that Wnt/p-catenin pathway is involved in the carcinogen-
esis of all ovarian cancer subtypes, and its target genes are subdivided in two groups: stemness/pro-

liferation and EMT/dissemination genes, which are active early in tumor progression and expressed
13
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in late stage tumors, respectively. As already stated, EMT has been reported to be associated with
chemoresistance, and the major pathways involved in this process include the Wnt/p-catenin pathway
(Arend et al., 2013).

1.3 Epigenetics of Ovarian Cancer

Cancer can be considered a genetic disease, in which DNA alterations have profound and ubiquitous
roles. Yet, genome-wide alterations in DNA methylation, chromatin structures and regulatory ele-
ment activities are also frequent event in malignant cells (Flavahan et al., 2017). Epigenetic mecha-
nisms allow genetically identical cells to reach different stable phenotypes by modifying various parts
of the genome through differential chromatin marking and packaging. These modifications can di-
rectly affect the DNA, as cytosine-phosphate-guanine (CpG) dinucleotide sequences methylation,
hydroxylation, formylation and carboxylation, but can also involve nucleosome positioning and al-
terations (H. Shen & Laird, 2013). The main component of nucleosome is the histone, around which
is wrapped a 147bp segment of DNA. Each histone has a side (NH2-terminal) tail rich in basic lysine
and arginine residues, that is often interested by extensive post-transcriptional chemical modifications
(PTMs), including methylation, acetylation, phosphorylation and ubiquitylation (Figure 1.7), affect-
ing gene transcription, replication and DNA repair processes by influencing chromatin compaction
or signaling to other proteins (E. L. Greer, 2002; Marsh et al., 2014). It is well accepted that PTMs of
histones mediate a variety of critical biological processes, generally via chromatin modification that
lead to target genes expression or silencing (Audia & Campbell, 2016). Epigenetic modifications, that
have been proven to play an important role in carcinogenesis, tumor growth, and progression
(Flavahan et al., 2017), correlate with different gene expression patterns and changes in cell plasticity
during tumorigenesis, and could lead to short- or long-term alterations in the activity of anticancer
treatments, for instance the development of acquired resistance to chemotherapy (Brown et al., 2014;
Ivanov et al., 2014).

14



Introduction

Figure 1.7. Schematic drawing of a nucleosome with the four canonical histones (H3, H4, H2A, and H2B). The
covalent PTMs of the histone tails are shown. (Me = methylation, Ac = acetylation, Ub = ubiquitylation, K = lysine,
R = arginine).

1.3.1 DNA methylation

Among the epigenetic modifications, DNA methylation is the most studied and best understood, rep-
resenting a frequent event in cells continuously exposed to cisplatin (Kouzarides, 2007; D. W. Shen
et al., 2012; Smith et al., 2017). Early evidences suggest that this type of epigenetic modification can
be useful for the detection of acquired resistant changes linked to clinical outcome (Brown et al.,
2014). DNA methylation, known to be involved into the regulation of gene expression, usually occurs
at the carbon-5 position of cytosine residues of CpG dinucleotide sequences, causing the inhibition
of gene transcription (lvanov et al., 2014; Smith et al., 2017). Several evidences support that CpG
islands cover the transcription start sites of about half of human genes either actively expressed or
poised for transcription (H. Shen & Laird, 2013). The enzymes responsible of this type of modifica-
tion belong to the DNA methyltransferases (DNMTSs) protein family (DNMT1, DNMT3a and
DNMT3b), able to transfer a methyl group (CH3) from S-adenosylmethionine to cysteines in CG
sequences, and upregulated in cancer cells compared to normal cells (Schwarzenbach & Gahan,
2019). Indeed, 5-10% of CpG islands resulted abnormally methylated in cancer genomes, leading to
the silencing or preventing re-activation of multiple tumor suppressor genes, as well as other genes

involved in regulation of cell growth, angiogenesis, and DNA repair (Dawson & Kouzarides, 2012;
15



Introduction

Flavahan et al., 2017). Moreover, in a range of tumor cell line models, CpG promoter islands hyper-
methylation has been shown to be the cause of acquired resistance to cytotoxic chemotherapy drugs
(Brown et al., 2014; Nogales et al., 2016), by inactivating genes required for drug response (D. W.
Shen et al., 2012). A series of genes have been found hypermethylated in ovarian cancer, and the
degree of abnormal methylation correlates with disease progression and decreased survival. As al-
ready stated, the 15-35% of patients with sporadic ovarian cancer exhibit BRCAL promoter hyper-
methylation, that results in decreased BRCAL protein expression and thus failure in DNA damage
repair with accumulation of mutations (Koukoura et al., 2014). Hypermethylation contributes to si-
lencing multiple other tumor suppressor genes in ovarian cancer, including p53, leading to decreased
DNA damage response and activation of the apoptotic pathway, and E-cadherin, contributing to the
epithelial-mesenchymal transition, invasion and metastasis (Sharma et al., 2019; Smith et al., 2017).
Epigenetic changes have been described also in genes encoding drug transporters, as ABC efflux
proteins, resulting in altered expression that contributes to drug resistance (D. W. Shen et al., 2012).
However, several studies demonstrate that tumor treatment with DNA methyltransferases (DNMTSs)
inhibitors can cause a global DNA hypomethylating activity, allowing the ra-activation of those genes

linked to chemotherapy response (Fang et al., 2014).

1.3.2 Histone modifications

Among the epigenetic modifications involved in ovarian carcinogenesis, histones post-translational
alterations play a central role. As already stated, these changes in the NH2-terminal tails of histones
can result in chromatin remodeling and thus modification of genes expression. The type and the de-
gree, as well as the type of residue interested by epigenetic modification, regulate gene transcription
activation or repression (Schwarzenbach & Gahan, 2019; Sharma et al., 2019; Smith et al., 2017,
Yang et al., 2018). PTMs of histones are carried out by a group of histone modification enzymes,
which generally act in complexes, and include histone acetyltransferases (HATS)/deacetylases
(HDAC:S), histone methyltransferases (HMTs)/demethylases (KDMs), and writers and erasers of

phosphorylation, as well as many other modifications (Chi et al., 2010).

1.3.2.1 Acetylation and deacetylation of histones

Histone acetylation is an epigenetic process by which lysine’s positive charge is neutralized, leading
to weakening histones-DNA electrostatic interactions. For this reason, histone acetylation is com-
monly associated with euchromatin, an open and transcriptional permissive conformation of chroma-

tin (Dawson & Kouzarides, 2012). Histone acetylation is regulated by the competing activities of two
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enzymatic families: the histone lysine acetyltransferases (HATs) and the histone deacetylases
(HDACS), which, respectively, add and remove the acetyl groups on lysine residues of histone tails,
resulting in a less or more accessible chromatin to transcriptional factors, and thus regulating gene
expression (Smith et al., 2017; Yang et al., 2018). Therefore, the imbalanced expression of HATs and
HDAC:S is associated to aberrant genes expression and thus carcinogenesis. Unlike HATS, which are
downregulated in ovarian cancer, HDACs result overexpressed, also in a series of other cancers, and
have a central role in promoting cell proliferation and migration, as well as in tumor progression and

platinum-resistance development (Sharma et al., 2019; Smith et al., 2017).

1.3.2.2 Methylation and demethylation of histones

Histone methylation is a reversible epigenetic modification, thanks to the combined action of methyl-
transferases (HMTs) and demethylases (HDMTSs) that, respectively, catalyze methyl group addition
and removal from different histone residues (E. L. Greer, 2002). This type of modification occurs on
all histone basic residues: on arginines, mono- or di-methylated on their guanidinyl group; on lysines,
mono-, di- or tri-methylated on their g-amine group; and on histidines, rarely, as mono-methylation
(E. L. Greer, 2002). Depending on the particular residue methylated, the degree of methylation and
the site of the methylated histone within a specific gene locus, histone methylation involves either
transcriptional activation or gene silencing (Yang et al., 2018).

Among the best studied histone lysine methylation sites are H3K4, H3K9, H3K27, H3K36, H3K79
and H4K20. Different lysine methylation markers have specific role in terms of chromatin accessi-
bility, therefore, of genes expression regulation. For example, H3K4, H3K36 and H3K79 methyla-
tions are preferentially associated with euchromatin and gene activation, instead, methylation on
H3K9, H3K27 and H4K20 leads to heterochromatin structure and gene silencing. However, the final
effect on chromatin structure and gene expression is often due to the combination of multiple histone
modifications, called “histone crosstalk” (Morera et al., 2016). As already mentioned, the state of
histone methylation is maintained by a balance between HMTs and HDMTSs. Therefore, imbalance
between these two enzyme families leads to aberrant gene expression and thus carcinogenesis (Yang
et al., 2018). Ovarian cancer is characterized by HMTs overexpression, that lead to an aberrant si-
lencing of tumor suppressor genes, as well as an aberrant HMDTs upregulation (Flavahan et al., 2017;
Yang et al., 2018).

As already described for DNA methylation, also histone methylation is involved in acquired re-
sistance to cytotoxic chemotherapy drugs. As previously stated, the aberrant promoter methylation of
ATP-binding cassette (ABC) family of drug efflux transporters coding genes has been associated with

drug resistance in cancer stem cells (Toh et al., 2017). However, their expression is affected not only
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by CpG island methylation, but also by histone modifications. In particular, ABCG2, known to confer
resistance to cancer cells to a variety of anticancer drugs (To et al., 2008), results overexpressed when
permissive histone modifications, as H3 acetylation, increased H3K4 tri-methylation, H3S10 phos-
phorylation and decreased H3K9 tri-methylation, occur. In this context, chromatin remodeling pro-
teins and RNA polymerase |1 are able to access the DNA and activate ABCG2 transcription, contrib-
uting to an increased drug efflux capacity of cancer cells and a reduced chemotherapy sensitivity (Toh
etal., 2017).

Numerous studies support that, among histone modification enzymes, the H3K27-methyltransferase
EZH2 is upregulated in many carcinomas, playing a role in drug resistance through gene silencing
and chromatin remodeling (YYang et al., 2018). Has been demonstrated that the decrease in H3K27
methylation following loss of EZH2 alters the expression of specific cisplatin resistance-related genes
in platinum-resistant ovarian cancer cells, as RASSF1A, MLH1 and CYT19, resulting in increased
drug accessibility and re-sensitization to cisplatin. Moreover, downregulated H3K27 methylation by
EZH2 depletion leads to the inhibition of ovarian cancer tumor xenografts growth (Hu et al., 2010).

1.4 G9a/GLP Histone lysine methyltransferases

It is worth noting that histone lysine methylation is, at the same time, a marker of active and inactive
transcription status, depending on the lysine residue that is methylated and the degree of methylation
(mel, me2 or me3) (Mozzetta et al., 2014). Lysine methylation is commonly controlled by a family
of proteins that contains the so called SET-domain (Su(var)3-9, Enhancer-of-zeste and Trithorax) and
that includes, among the others, the G9a and G9a-like protein (GLP) histone lysine methyltransfer-
ases (HKMTys) (Stein et al., 2014; H. Zhang et al., 2014). G9a (also known as EHMT2 or KMT1C)
and GLP (also known as EHMT1 or KMT1D) are the major H3K9 methyltransferases able to catalyze
the majority mono- and di-methylation of Lysine 9 in Histone H3 (H3K9mel/H3K9me2) in most of
mammalian cell type, and have been found to play a central role in many biological processes asso-
ciated with gene regulation (Krishnan et al., 2011; Poulard et al., 2017). Even though G9a and GLP
can form homodimers, they predominantly exist in human cells as heteromeric complex, that is sta-
bilized by the interaction with Wiz (a multi-zinc finger-containing molecule) and is required for G9a-
GLP methyltransferase activity on H3K9 in vivo (Casciello et al., 2015; Shinkai & Tachibana, 2011).

1.4.1 G9a/GLP structure and activity
Two isoforms of the human G9a protein are known: the full length G9a (isoform a), a product of both
G9a (24 exons) and NG36 (4 exons) transcripts, and the shorter one (isoform b), which lacks exon 10

(Figure 1.8). GLP, the closely G9a related paralog, displays 45% identity with G9a and differs
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principally for the N-terminus (Shankar et al., 2013). As previously described, G9a belongs to the
family of S-adenosylmethionine (AdoMet)-dependent enzymes, containing the catalytic SET domain
at the C-terminus, which contributes to its methyltransferase activity, flanked by a pre- and a post-
SET regions. Moreover, the protein has an ankyrin repeats region (ANK), involved in protein-protein
interaction, and nuclear localization signals (NLS) at N-terminus (Estéve et al., 2005). The SET do-
main is necessary for the substrate binding groves by the interaction with the post-SET region, and

for the interaction with GLP in the heteromeric complex assembly (Figure 1.8).

Me
|
Human G9a 185 NLS Pre SET Post SET
(isoform a) ‘-E Cys ANK J SET
NP_006700.3 = - i
1 341 348 649 879 1037 11591210
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(isoform b) E Cys ANK SET
NP_079532.5 | | l 1 ! I
1 341 348 615 845 1003 11251176

Figure 1.8. Schematic representation of human G9a protein structure. Human full-length G9a (isoform a) and
short length G9a (isoform b) are shown with their respective NCBI accession ID (left). The Cysteine (Cys) rich region,
ankyrin repeats (ANK), the catalytic SET domain with flanking Pre-SET and Post-SET regions, the site for methylation
(Me), nuclear localization signal (NLS) and the glutamic acid (E) rich region are denoted. Numbers indicate amino
acid residues (Shankar et al., 2013).

H3K9 mono- and di-methylation by G9a activity, result from the transfer of methyl groups (CH3)
from S-adenosyl-l-methionine (SAM) to g-amino group of the Lysine 9 in Histone H3 and leads to
gene silencing. G9a Y1154 and Y1067 tyrosine residues are of particular importance for catalytic
activity and H3K9 methylation. In particular, Y1067 replacement to phenylalanine allows G9a to tri-
methylate its target (H3K9me3) (Shankar et al., 2013). In addition, G9a/GLP methylate also non-
histone substrates, like GLP, Wiz, CDYL1, Reptin, CSB, HDAC1, DNMT1 and KLF12. Further-
more, G9A methylates Lys373 within the regulatory domain of transcription factor p53, resulting in
the inhibition of its tumor-suppressor activity. However, the biological significance of non-histone
lysine methylation currently is not completely understood. Furthermore, G9a itself presents a motif
at its N-terminus which is automethylated. Auto-methylation of the enzyme does not affect its cata-
Iytic activity, and has been reported to be necessary for the interaction with HP1, by which other
repressors, such as HDAC1 and DNMT1, are recruited on chromatin (Collins & Cheng, 2010;
Shankar et al., 2013; Vedadi et al., 2011). Interestingly, G9a positively correlates with DNA methyl-
ation, resulting implicated in DNA CpG methylation of silencing genes by directly interacting with
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DNA methyltransferases DNMT1 and DNMT3 (Krishnan et al., 2011; Xiaodong Cheng and Robert
M. Blumenthal, 2010).

1.4.2 Role of G9a/GLP complex in Ovarian Cancer

Examination of the Oncomine database and the recent literature show that G9a is overexpressed in a
number of cancers, including ovarian carcinoma, in which the high expression of G9a correlates with
poor prognosis, suggesting that it is a putative oncogene in this context and that the analysis of its
expression may represents a novel prognostic/predictive marker (Casciello et al., 2015; Hua et al.,
2014a). Some in vitro studies on highly invasive ovarian cancer cells (ES-2, OVCAR-3, OV-90,
SKOV-3 and TOV-21G), demonstrated a higher protein levels of G9a compared to poorly aggressive
tumor cells. Moreover, a higher expression of G9a was observed in metastatic lesions of ovarian
cancer xenografts respect to the primary tumors (Casciello et al., 2015). Accordingly, ovarian cancer
cells knockout for G9a showed decreased pro-metastatic ability in mice, confirming a linkage be-
tween the methyltransferase and the metastatic process (Hua et al., 2014a). Increased G9a activity
and concomitant increase in global H3K9 di-methylation levels have been observed in mammalian
cells under hypoxic conditions, which represent an important factor in the development of metastasis
of solid tumors. Furthermore, the acquisition of cell motility under hypoxic conditions has been con-
nected to a decreased expression of cell adhesion molecules (Casciello et al., 2015; Ke et al., 2014).
In this context, G9a inhibits the expression of cell adhesion factors such as E-cadherin, promoting the
Epithelial-mesenchymal transition. This provides evidence for a critical role of G9a as a factor that
enhances survival, proliferation, and metastasis of malignant cells, by regulating the expression of
genes involved in the metastatic dissemination and the EMT (Casciello et al., 2015).

Interestingly, it has been recently proposed that G9a/GLP heterodimeric complex could also partici-
pate in the response to DNA damage, directly linking their expression with the response to chemo-
therapy. Indeed, it has been observed that decreased expression of G9a/GLP impairs cancer cells
ability to repair the damage, eventually enhancing the sensitivity of cancer cells to both radiation and
chemotherapeutic drugs such as cisplatin or doxorubicin (P. Agarwal & Jackson, 2016; Ginjala et al.,
2017). Overall, these findings highlight the oncogenic potential of G9a and GLP, rendering these
enzymes potential targets for novel chemotherapeutic drugs (Krishnan et al., 2011).

1.4.3 G9a/GLP inhibitors

Given the involvement of G9a/GLP complex in the initiation and progression of solid tumors, in the

recent past has been hypothesized that targeting G9a could promote the re-expression of tumor

20



Introduction

suppressor genes, reduce metastasis and inhibit cancer cell proliferation (Casciello et al., 2015). Two
classes of G9a/GLP inhibitors have been developed through structure-based design: SAM competi-
tive and substrate competitive inhibitors. Among the first class of compounds, chaetocin was the first
developed, with a broad range of activity against HKMTs belonging to SUV-39 family (Shinkai &
Tachibana, 2011). However, substrate competitive inhibitors resulted have a better selectivity than
SAM inhibitors against G9a (Cao et al., 2019). The first competitive inhibitor of the N-terminal pep-
tides of Histone H3 produced was BI1X01294, showing high specificity against G9a/GLP (Krishnan
et al., 2011). Nonetheless, BI1X01294 causes high toxicity in cells, limiting its usefulness as a
G9a/GLP chemical probe (Vedadi et al., 2011). Thus, more potent and less toxic inhibitors have been
developed by further modifications of B1X01294, such as UNC0224 and UNCO0321. Both these com-
pounds displayed higher binding affinity for G9a compared to the previous molecule, but their low
lipophilicity limit their effects (Cao et al., 2019). Thus, to improve the ratio of toxicity to functional
potency of G9a inhibitors, UNC0638, UNCO0631, UNC0642 and UNCO0646 were developed. In par-
ticular, UNCO0631 exhibits a good toxicity/function ratio and has an excellent cell permeability, as
well as UNC0638. UNC0642 not only exhibits high potency and selectivity, but has also excellent in
vivo pharmacokinetic properties, which makes it an excellent candidate in animal model experiments
(Cao et al., 2019; Casciello et al., 2015; Vedadi et al., 2011).

G9a activity turned out fundamental for the malignant phenotype maintenance in several cancer types,
thus modulating the expression of genes methylated by G9a could represent a good treatment strategy
for ovarian cancer, by using G9a inhibitors alone or in combination with other standard-of care ther-
apies currently used in the clinic. In fact, the inhibition of histones methylation leads to a decrease of
chromatin condensation, allowing the platinum-compounds a greater access to DNA, and thus, re-
sensitizing PT-resistant cells to chemotherapy (Casciello et al., 2015; Smith et al., 2017; Van Zyl et
al., 2018).
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2. AIM OF THE STUDY



Aims

In the last few years, increasing attention has been given to epigenetic alterations in cancer research.
These alterations have been observed early during cell transformation and are thought to play a role
in cancer onset, progression and response to therapies. Recently has been proposed that epigenetic
changes are implicated in acquired resistance to chemotherapy and that they play a central role in
ovarian carcinomas progression. Accumulating clinical evidences suggest that the combination treat-
ment of targeted therapy and standard chemotherapy could significantly improve the disease free
survival and the quality of cancer patients, including EOC patients, with implications for the design
of new clinical intervention strategies aiming at preventing the emergence of drug resistance. In this
context, aberrant epigenetic changes emerge as possible new therapeutic target in countering drug
resistance, since they can be readily reversed by targeting epigenetic maintenance enzymes with new
class small-molecules, generally referred as Epigenetic Modifying Drugs (EMDs).

In this PhD project, using our isogenic PT-Resistant EOC cells as a model, we aim to study the role
of EMDs as novel therapeutic targets to treat PT-Resistant EOC and in particular we will focus on
the anticancer role of G9a/GLP histone methyltransferases (HMTSs) inhibitors. G9a/GLP HMTs are
principally involved in H3K9 methylation and are able to catalyze the majority mono- and di-meth-
ylation of H3K9 in the cell. G9a/GLP inhibitors have been selected using an unbiased EMD screening
on a large number of cells where they resulted the most active EMDs in Killing isogenic PT-Resistant
EOC cells. Therefore, we aim to dissect the role of G9a/GLP inhibitors in mediating EOC response
to PT and to characterize the molecular mechanisms underling their activity in EOC. Finally, we will
use a genetic approach to confirm that the effects observed with the inhibitors were effectively due
to G9a/GLP inhibition.

Overall, we hope to demonstrate that targeting these HMTs with specific inhibitors is a pursuable
anticancer strategy to improve low survival of patients with PT-resistant diseases.
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3.1 Celllines

MDAH-2774 (CRL-10303), TOV-112D (CRL-11731), OVCAR-8 (NCI 60-0507712), TOV-21G
(CRL-11730), ES-2 (CRL-1978) cells were from ATTC, OVSAHO (JCRB-1046) cells were from
JCRB Cell Bank, and ID8 CRISPR/Cas9-modified mouse epithelial ovarian cells were a gift of Dr I.
McNeish (Hammersmith Hospital, London). All human cell lines were maintained in RPMI-1640
medium (Sigma-Aldrich Co.) supplemented with 10% heat-inactivated FBS, 100 pg/ml penicillin
and streptomycin (complete medium) at 37 °C in 5% CO atmosphere. ID8 cells were maintained in
DMEM medium supplemented with 4% fetal calf serum, 100 pg/ml penicillin and streptomycin, 5
pg/ml insulin and transferrin, and 5 ng/ml sodium selenite, at 37 °C in 5% CO2 atmosphere. The
subsequent drug treatment was administrated when the cells reached again a 70-80% of confluence.
293FT cells (Invitrogen Inc.), used for lentivirus production, were grown in DMEM supplemented
with 10% heat-inactivated FBS (Sigma-Aldrich Co.).

3.2 Reagents

Cisplatin (CDDP) (TEVA ltalia), Paclitaxel (TAXOL®) (ACTAVIS Dublin, Ireland), and Doxoru-
bicin (Ebewe Italia) were used for in vitro experiments. Carboplatin (CBDCA) (TEVA lItalia) was
used for in vivo experiments. Epigenetics Screening Library (11076) was purchased from Cayman
Chemical. G9a/GLP specific inhibitors were purchased from Cayman Chemical (UNC0631 -11084,
UNCO0638 -10734, UNC0642 -14604) and resuspended in DMSO. The WNT pathway inhibitors
WNT-C59 and XAV-939 were purchased from Selleckchem. Recombinant Human Wnt-3a (5036-
WN-010) was purchased from R&D Systems.

3.3 Epigenetic screening

The timeline of the epigenetic screening has been structured as follow. On day 1, 9x10° OVSAHO
cells/well, 8x10% TOV-112D PT-Sensitive (parental) cells/well, 7x10° TOV-112D PT-Resistant (PT-
Res) cells/well, 4x10° MDAH-2774 parental cells/well, 7x10° MDAH-2774 PT-Res cells/well, 4x10°
ES-2 parental cells/well and 6x10° ES-2 PT-Res cells/well were seeded in 96-well plates using a
robotic liquid handling Hamilton’s MICROLAB STARIet. On day 2 cells were treated with the Epi-
genetic Screening Library (Cayman Chemical) for 72 hours at the final concentration of 5 uM. Cell
viability was evaluated at the end of the treatment using CellTiter 96® AQuesous cell proliferation
assay kit (Promega). The screening was performed three times on each cell line and statistical analysis
was conducted. Compounds that presented synthetic lethality were ranked using a moderated t-test

statistic. The 75% of cell viability was selected as limit for a compound to be considered active.
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3.4 Lentiviral production and transduction

EHMT1/EHMT2-knockout OVSAHO cells were generated by lentiviral transduction. Briefly, 293FT
cells were co-transfected, using a calcium phosphate precipitation, with the gRNA-SpCas9(BB)-2A-
GFP plasmid together with ViraPower Packaging Mix (PAX2 and pLP/VSV-G) (Invitrogen, Thermo
Fisher Scientific, Eugene, OR, USA). The lentiviral particles were collected from the culture medium
of these cells after 48h and 72h to transduce OVSAHO cells.

3.5 FACS analysis

For the production of OVSAHO PT-Res EHMT1/EHMT2 knockout, cells were plated in 100 mm
dish and transduced with the transfected-239FT medium. OVSAHO cells were then collected 72
hours post transduction and fixed in ice-cold 70% ethanol, washed twice in PBS 1x and resuspended
in propiudium iodide (50 pg /ml supplemented with 100 pg/ml RNase A in PBS 1x). Stained cells
were subjected to FACS analyses with FACScan instrument (BD Biosciences), and GFP-positive

cells were sorted and pooled together.

3.6 Cell viability assay

Parental and PT-Res OVSAHO, TOV-112D, MDAH-2774 and ES-2 cells were seeded in 96-well
culture plates (as described in 3.3) and after 24 hours treated with increases doses of CDDP,
UNCO0631, UNC0638 or UNC0642 for 72 hours. Cell viability was evaluated at the end of the treat-
ment using the CellTiter96 AQueous cell proliferation assay kit (Promega). Same schedule of treat-
ment was used for WNT-C59 and XAV-939 in OVSAHO cells and for ID8 cells treatment with
increases doses of CDDP and UNC0631, by plating 2,5x10% PTENK® cells/well, 4X103 TP53K°
cells/well, 4X10% TP53XC+BRCA2KC cells/well, and 5X102 BRCA1KO cells /well.

In viability assays using CDDP and UNC0631 combined treatment, EOC cells were seeded in 96-
well culture plates, the they after were treated for 48 hours with cisplatin and then released for 24
hours with UNCO0631 (+ 0,1 pg/ul of recombinant Wnt3a) in cisplatin-free medium, otherwise were
treated with UNCO0631 for 24 hours and then released for 48 hours with CDDP. Cell viability was
determined at the end of treatments using the CellTiter96 AQueous cell proliferation assay kit
(Promega).

In viability assays using CDDP and doxorubicin/taxol combined treatment cells were seeded in 96-
well culture plates, after 24 hours were treated with CDDP for 48 hours and then released in cisplatin-
free medium, otherwise were treated with doxorubicin or taxol for 24 hours. Cell viability was deter-

mined at the end of treatments using the CellTiter96 AQueous cell proliferation assay kit (Promega).
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In viability assay using CDDP and XAV-939 combined treatments OVSAHO cells were plated in
96-well culture plates, after 24 hours two types of treatment were performed: 1. Cells were treated
with increasing doses of XAV-939 (0,1 — 5 — 10 uM) for 24 hours and then released in drug-free
medium or treated with CDDP (2 uM) for 48 hours. 2. Cells were treated with CDDP (2 uM) for 48
hours and then released in cisplatin-free medium or treated with increasing doses of XAV-939 (0,1 —
5— 10 uM) for 24 hours. In all cases cell viability was determined at the end of the treatment using
the CellTiter96 AQueous cell proliferation assay kit (Promega).

3.7 Luciferase assay

OVSHAO parental cells were seeded in 24-well plate and co-transfected with 1 pg of TOPFlash
reporter construct, containing multiple copies of the optimal TCF motif (GATCAAAGG), and 50 ng
of pRL-TK vector (Renilla), as internal control for transfection efficiency. The transfection was car-
ried out with FUGENE® HD Transfection Reagent (Promega) in 24-well plates with 35x10°
cells/well, plated 24 hours earlier, according to manufacturer’s recommendations. After 16 hours cul-
tured medium was changed and at 48 hours after transfection cells were treated with cisplatin and/or
UNCO0631. At the end of treatments lysates were assayed for luciferase activity using the Dual-Lu-
ciferase reporter assay system (Promega). The ratio of expression from TOPFlash to expression from
Renilla provided a measurement of Canonical Wnt-specific transcriptional activity.

3.8 Three-dimensional ovarian epithelial cell cultures

Three-dimensional culture was performed as described in (Debnath et al., 2003; Segatto et al., 2014).
Briefly, OVSHAO parental and PT-Res cells (10x103 cells) were embedded as single cells in matrigel
(Cultrex®, BME), mixed with the appropriate medium and layered on the top of a bottom layer of
polymerized matrix (GFR-BME, 8.5mg/ml) (Trevigen). Embedded cells were incubated at 37°C for
3 days, and cisplatin and/or UNCO0631 treatments were performed, by adding the drug and/or the
inhibitor directly into the cell culture media. PT-Res cells were treated for 72 hours, whereas parental
treatment was stopped at 48 hours. At the end point, number of spheres formed was count and images
were collected to calculate sphere areas, using ImageJ software. Next, cleaved caspase 3 was analyzed

following immunofluorescence staining.

3.9 Immunofluorescence

For immunofluorescence (IF) on cultured cells, cells were plated on coverslips and fixed in PBS 4%
paraformaldehyde (PFA) at room temperature, blocked in PBS-1% bovine serum albumin (BSA),

and permeabilized in PBS 0.2% Triton X-100. Stains were permeabilized with primary antibodies:
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cleaved caspase 3 (1:300, Cell signaling), YH2Ax (S139) (1:200, Merk Millipore), occludin (1:200,
Invitrogen), p-120-catenin (1:200, BD Biosciences), p-catenin (1:200, Cell signaling), B-catenin
(1:200 BD Biosciences), E-cadherin (1:50, BD Biosciences), Zo-1 (1:50, Cell Signaling), y-catenin
(1:100, Bd Biosciences). Then samples were washed in PBS and incubated with secondary antibodies
(Alexa-Fluor 488- or 568-conjugated anti-mouse or anti-rabbit antibodies, Invitrogen) for 1 hour at
room temperature. TO-PRO-3 iodide (Invitrogen) was used to visualize nuclei and Alexa-Fluor 647-
Phalloidin (Invitrogen) for F-actin staining. Coverslips were analyzed using the TCS-SP8 Confocal
Systems (Leica Microsystems Heidelberg GmbH, Wetzlar, Germany) interfaced with the Leica Con-
focal Software (LCS) (version 3.5.5.19976, Wetzlar, Germany) or the Leica Application Suite (LAS)
software (version 6.1.1, Wetzlar, Germany). At least 8 fields were scored for each cell population and
experimental condition. Fluorescence intensity and protein localization were studied using the Vo-
locity® software (PerkinElmer).

IF analyses on OVSHAO cells grown in three-dimensional culture was performed as described
(Debnath et al., 2003; Segatto et al., 2019). Briefly, incubation with cleaved caspase 3 (1:50, Cell
Signalin) primary antibody was performed over/night at 4°C, followed by 1 hour at room temperature
with secondary antibody (AlexaFluor® 488-, 546-, 568- or 633-conjugated, Invitrogen). Nuclei were
counterstained using TO-PRO-3 (Invitrogen) for 30 min at room temperature. Finally, samples were

analyzed as above.

3.10 Evasion assay

Evasion assay was performed as previously described (Sonego et al., 2019). Briefly, 7,5x103
OVSAHO parental, G9a/GLPVT and G9a/GLPX® cells were included in matrigel (Cultrex®, BME)
drops (12 ul of matrix volume per drop) at a final concentration of 8 mg/ml. Matrigel was diluted in
RPMI 1640 and 0.1% BSA. Drops were dispensed in cell culture dishes and incubated for 1 hour at
37 °C upside down to jellify. Next, dishes were turned up and drops were incubated in complete
medium. Images were collected using a stereo microscope Leica M205FA and the evasion ability
was evaluated 10 days after inclusion by measuring the distance covered by cells exiting from drops,

using ImageJ software.

3.11 Permeability assay

OVSAHO parental (18x10* cells/transwell), G9a/GLPWT (15x10* cells/transwell) and G9a/GLPX®
(18x10* cells/transwell) have been seeded, in triplicates, on top of transwell filtersin 24-well dishes
and grown for 24 hours until they had reached confluence, with 500 pl of complete medium in the

upper chamber, and 500 pl in the well’s bottom. Then, cells were treated with cisplatin (15 uM) for
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16 hours. At the end of treatment, FITC-Dextran 70 kD (1:100) was added on the top of the monolayer
and the concentration of the compound at the well’s bottom was measured by means of TECAN
Infinity 200 PRO instrument detecting the fluorescence at 535 nm. Measurement of FITC-Dextran

was performed twice, immediately after the addition of the compound (T0) and 20 minutes later (T1).

3.12 Scratch test and cell migration assay

OVSAHO parental, G9a/GLPWVT and G9a/GLPXO cells (18x10* cell/well) were plated in 6-well plates,
in duplicate, and allow to grow until they reached confluency. Then, a scratch wound across each
well was made using a sterile pipet tip and culture medium was changed (T0). The experiment was
stopped after 72 hours of migration (T1). Time course analysis was carried out by means of the
LEICA AF6000 Imaging System (LEICA, Wetzlar, Germany).

3.13 Preparation of cell lysates and immunoblotting

Cell lysates were prepared using cold RIPA lysis buffer (150mM NaCl, 50mM Tris HCI [ph8], 1%
Igepal, 0,5% sodium deoxycholate, 0,1% SDS) plus a protease inhibitor cocktail (Complete, Roche),1
mM sodium orthovanadate, and 1 mM dithiothreitol as previously reported (Sonego et al., 2013).
Chromatin fraction was prepared by resuspending the un-soluble pellet derived from the lysis in SDS
1%, then sonicated at 30% of amplitude for 10 seconds. Differential extraction of nuclear and cyto-
plasmic proteins was performed in ES-2 parental and PT-Res cells as previously described
(Baldassarre et al., 2005; Schiappacassi et al., 2008). Protein concentrations were determined using
the Bio-Rad protein assay (Bio-Rad).

For immunoblotting, equal concentrations of protein samples (35 pug) were separated by 4—20% SDS-
PAGE (Criterion precast gel; Bio- Rad) and transferred to nitrocellulose membranes (Hybond C;
Amersham). Chromatin samples were loaded considering 1/3 of the volume used for the respective
total lysate or cytoplasmic fraction. Immunoblotting were performed using the following primary
antibodies: mouse monoclonal anti-Vinculin (1:1000, Cell Signaling), rabbit monoclonal anti-p-Actin
(1:1000, Cell Signaling), rabbit monoclonal anti-Fibrillarin (1:250, Santa Cruz), mouse monoclonal
anti-GAPDH (1:1000, Cell Signaling), rabbit monoclonal anti-G9a/EHMT2 (1:500, Cell Signaling),
mouse monoclonal anti-EHMT1/GLP (1:500, abcam), rabbit monoclonal anti-H3K9me2 (1:1000,
Cell Signaling), rabbit monoclonal anti-Histone H3 (1:1000, Cell Signaling), rabbit monoclonal anti-
B-Catenin (1:500, Cell Signaling), rabbit monoclonal anti B-TRCP1 (1:1000, Cell Signaling), mouse
monoclonal anti- yH2AXpS139 (1:500, Merkmillipore). Antibodies were visualized with appropriate
horseradish peroxidase-conjugated secondary antibodies (GE Healthcare) for ECL detection (Biorad)
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or Alexa-conjugated secondary antibodies (Invitrogen) for Odyssey infrared detection (LI-COR Bio-
sciences). Quantification of the immunoblots was done using the QuantiONE software (Bio-Rad La-

boratories) or the Odyssey infrared imaging system (LI-COR Biosciences).

3.14 Cisplatin-DNA (PT-DNA) adducts detection by Dot-blot

DNA was isolated using the Maxwell® DNA-purification kit (Promega) from OVSAHO cells treated
as indicated. DNA (500 ng) was denatured at 100 °C for 10 min and spotted onto nitrocellulose mem-
branes (Hybond C; Amersham) using a dot-blot apparatus (Easy-Titer® ELIFA, Pierce). The mem-
branes were then baked for 2 hours at 80 °C and subjected to standard Immunoblot assay using a rat
monoclonal anti-cisplatin-DNA Adducts (1:500, EMD Millipore) antibody.

3.15 RNA extraction and gRT-PCR analysis

Total RNA for RNA microarray and gRT-PCR analyses was isolated from patient-derived primary
tumors or cell cultures using Trizol solution (Roche Applied Science Mannheim, Germany) according
to manufacturer protocol. Total RNA was quantified using NanoDrop (Thermo Fisher Scientific Inc.,
USA). RNA was retro-transcribed with GoScript reverse transcriptase to obtain cDNAs, according to
provider’s instruction (Promega). Absolute quantification was evaluated by gRT-PCR, using
EvaGreen dye-containing reaction buffer (SsoFastTM EvaGreen®, BioRad) and running the reac-
tions in the MyiQ2 Two Color Real-time PCR Detection System (Biorad). Data normalization was
performed using ACTIN and GAPDH as housekeeping genes and relative expression was calculated
using the mRNA concentration. All the primers for gene expression analyses were purchased from

Sigma-Aldrich. Table below reports all the primer sequences.
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Primer Sequence 5°-3’
ACTIN forward GAAGGTGAAGGTCGGAGTC
ACTIN reverse GAAGATGGTGATGGGATTTC

BTRC forward GCCATACAGGTTCAGTCCTCTG
BTRC reverse CGTGTTTAGCATTTCACCTGTAT

FBXW11 forward TCGCCTGGTTGTTAGTGGAT
FBXW!11 reverse CGGACCAATTCTTCATGTCC
FZD1 forward TTCAGCAGCACATTCTGAGG
FZD1 reverse CCTGCACACTTTTCCCTTT
FZD7 forward GCTGCTTTGTTGGAAAGAGG
FZD7 reverse GCAGTACGGGAGGAAAAACA
FZD9 forward CTGCATCCCCTAGAGACAGC
FZD9 reverse ACTAGGACCCTGTGGGGACT
EHMT2 forward CAAAATCGGGAACTTGGAGA
EHMT2 reverse CTCGATGTGCTTGTGCTCTG

3.16 Gene expression profiling and data mining tools

Gene expression profiling (GEP) was performed essentially as described in (Bomben et al., 2018).
Briefly, total RNA samples derived from OVSAHO cells (parental and 3 different PT-Res clones)
were extracting using the TRIZOL Reagent (Thermo Fisher Scientific) according to protocol, and
RNA quality was assessed using agarose gel electrophoresis after RNA exposure to 70 °C for 5 min.
GEP was performed with 150 ng total RNA labeled with Cyanine(Cy)-3 dye, then hybridized to the
Whole Human Genome (8 x 60 K) oligo microarray platform (Agilent Technologies), and analyzed
by the Agilent Microarray Scanner, using the Agilent Feature Extraction Software 10.7.3 (Agilent
Technologies). The pre-processing steps were carried out according to Agilent instruction, and in-
volved quality check, exponential-normal convolution background subtraction, lowess and quantile
normalization. After pre-processing and pre-filtering steps, the final dataset was analyzed using
GeneSpring GX 12.7 software (Agilent Technologies, Santa Clara, CA). Differentially expressed
genes wGene expression profile results were visualized by hierarchical clustering applying Ward’s
method with Euclidean distance. Gene Set Enrichment Analysis (GSEA) was used to identify the
putative genes sets involved in gene deregulation from the online database available at the GSEA
Web site 3 (http://www.broadinstitute.org/gsea/).

3.17 Chromatin Immunoprecipitation (ChlIP) assay

OVSAHO parental an PT-Res cells were treated with 20 uM of cisplatin and/or 6 UM of UNC0631
for 16 hours. Then, treatment was removed, cells treated with 1% formaldehyde and chromatin was
prepared via MNase enxymatic digestion according to the protocol. Chromatin IP was performed
using SimpleChlIP Enzymatic Chromatin IP kit (Magnetic Beads) #9003 from Cell Signaling Tech-

nology (CST). ChIP analyses were performed using the rabbit monoclonal anti-G9a (Cell Signaling)
31



Gene
BTRC forward
BTRC reverse
BTRC forward
BTRC reverse
BTRC forward
BTRC reverse
BTRC forward
BTRC reverse
BTRC forward
BTRC reverse

Promoter region
-1000; -1761

1000; -1761
-782; -535
-782; -535
-556; -339
-556; -339
358; -161
-358; -161
-180; +80
-180; +80

3.18 CRISPR/Cas9 system

Materials and Methods

and the mouse-monoclonal anti-H3K9me2 (abcam) ChlP-grade antibodies. After IPs DNA was pu-
rified and region of interest were quantified by qRT-PCR using specific primer for the promoter re-
gion of BTRC. Table below reports all the primer sequences. (*Promoter regions are expressed as

number of bases from the transcription start site).

Sequence 5°-3°
CTGTATAACCAATTATCACAAACATAGC
AACTGTGGGATGTAAGCCCTGC
GCAGGGCTTACATCCCACAGTT
TCATGTATCTGGCATCTGCAGG
CCTGCAGATGCCAGATACATGA
AAGGATGAGAAACGGGAGGGG
CCCTCCCGTTTCTCATCCT
CTGGTCACGGGATTTGTAG
CTACAAATCCCGTGAGCCAG
TCCACCGTCTCCTCACCATA

Knockout of EHMT1 and EHMT2 in OVSAHO cells was generated by CRISPR-Cas9 system, ac-
cording to (Ran et al., 2013), using two pairs of guide RNAs (JQRNASs) designed using CRISPR De-
sign online tool (https://zlab.bio/guide-design-resources). The first pair of gRNA targets the third

Gene
EHMT1
EHMT1
EHMT1
EHMT1
EHMT?2
EHMT?2
EHMT?2
EHMT?2

Table below reports the gRNAs sequences.

gRNAL1 forward
gRNAI reverse
gRNAZ2 forward
gRNAZ reverse
gRNAL1 forward
gRNAL reverse
gRNAZ2 forward
gRNAZ2 reverse

exon of EHMT1 (NM_024757), the second pair targets the seventh exon of EHMT2 (NM_006709.5).

Sequence 5°-3°
TCCCAATGGCACCAACACACTAACT
AAACAGTTAGTGTGTTGGTGCCATT
CCTCGCAACACACTAACTCGGATAG
AAACCTATCCGAGTTAGTGTGTTGC

TTGTTTGCACGCGCTCATCCACAGAGT
AAACACTCTGTGGATGAGCGCGTGCAA
CACCGGCGCGTGGACTCCGACAGCA
AAACTGCTGTCGGAGTCCACGCGCC

Both pairs of guide RNAs were cloned into the gRNA expression vector pSpCas9(BB)-2A-GFP plas-
mid (PX458, Addgene #48138). 293FT cells were transfected with the plasmid and 48 hours and 72
hours after transfection, culture medium containing viral particles was collected and used to transduce
OVSAHO PT-Res Clone 56, plated the day before (5,7x10° cells/dish). 72 hours after the transduc-
tion, GFP-positive cells were sorted by flow cytometry (Becton Dickinson) and pooled together. GFP
single-cell cloning was performed and clones were screened for the expression of G9a and GLP by
western blot analysis. In this way, we identified two G9a/GLP knockout clones (KO#1 and KO#3).
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To confirm the cut at the gRNA target sites, we purified and sequenced the genomic DNA of the two

clones.

3.19 Sanger sequencing

For EHMT1 and EHMT?2 sequencing of G9aX®*! and G9a/GLPK°* clones, DNA was extracted from
cultured cells using Maxwell 16 DNA purification kit (Promega). Then, 50 ng of genomic DNA was
amplified using the following primers:

Gene Sequence 5°-3°
EHMT1  forward TCTTGTGAAAACAGCGATGC
EHMT1 reverse AAGAGGCCAGAGTGCTGGTA
EHMT2 forward GGAACAAGGAGGACTGGACA
EHMT?2 reverse AGGAGAAGTGACCCTGACGA

DNA Sanger sequencing was performed using the BigDye Terminator v.3.1 Cycle Sequencing Kit
(Applied Biosystems) and the AB13130xI instrument (Applied Biosystems, Waltham, MA, USA).

3.20 Primary EOC collection and analysis

Human EOC samples were collected by CRO institutional Biobank, immediately frozen and stored
in liquid nitrogen until needed. Informed consent was obtained from all patients. The CRO-IRB (In-
ternal Review Board) approved this study. Total RNA was extracted from EOC frozen samples using
Trizol solution (Roche Applied Science Mannheim, Germany) according to manufacturer protocol.
Total RNA was quantified using NanoDrop (Thermo Fisher Scientific Inc., USA) and retro-tran-
scribed with GoScript reverse transcriptase to obtain cDNAs, according to provider’s instruction
(Promega). Absolute quantification was evaluated by gRT-PCR, using EvaGreen dye-containing re-
action buffer (SsoFastTM EvaGreen®, BioRad) and running the reactions in the MyiQ2 Two Color
Real-time PCR Detection System (Biorad). Table below reports the samples of ovarian cancer pa-
tients analyzed in Figure 4.25. Grade and histotype of primary and recurrent tumor samples are re-
ported. (*n.a.: not available; Gx: not evaluable).
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Number Tumor Hystotype Grade
1 Primary Endometrioid G2
5A Primary Endometrioid G3
7B Primary Serous G3
11 Primary Serous G3
15 Primary Serous G2
28 Primary Serous G3
29 Primary Serous G3
31 Primary Serous G3
34 Primary Serous G3
49 Primary Clear Cell G3
51 Primary Serous G2/3
66 Primary Serous G3
82 Primary Serous n.a.
107 Primary Serous papillary G3
109 Primary Serous papillary Gx
111 Primary Serous papillary G3
112 Primary Serous papillary G3
130 Primary Serous G3
132 Primary Clear Cell Gx
133 Primary Serous papillary G3
136 Primary Endometrioid Gx
152A Primary Serous papillary G3
9 Recurrence Serous Gx
17 Recurrence n.a. n.a.
27L Recurrence Serous G3
32 Recurrence Indifferentiated n.a.
36B Recurrence n.a. n.a.
39 Recurrence n.a. n.a.
44A Recurrence Serous G3
52 Recurrence Serous G3
54 Recurrence Serous n.a.
59 Recurrence Serous G3
68 Recurrence Serous n.a.
69 Recurrence Serous n.a.
70 Recurrence Serous n.a.
72 Recurrence Serous n.a.
77 Recurrence Serous Gx
81 Recurrence Serous Gx
128B Recurrence Serous G3
141 Recurrence Serous papillary G3

3.21 Statistical analysis

Statistical significance (P < 0.05), means, SD, and 95% confidence intervals (CIs) were determined
by using GraphPad PRISM software (version 6.0) using the most appropriate test, as specified in each
figure. In all experiments, differences were considered significant when p was <0.05 and statistical
significance was indicated with: * p < 0.05, ** p < 0.01, *** p <0.001, **** p < 0.0001. For survival
analysis, PFS was identified as the relevant clinical endpoint. PFS curves were reported according to

the Kaplan-Meier method and were compared with the log-rank test.
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Results

4.1 G9a/GLP inhibition significantly reduces cell viability of isogenic PT-Re-
sistant EOC cells

Few models are available to properly study EOC PT-resistance. Thus, to reach our main aim of iden-
tifying new biomarkers of PT-resistance and possible therapeutic intervention, we used models of
isogenic PT-Resistant (PT-Res) cells, already established in our lab, that encompass the most com-
mon EOC hystotypes (Figure 4.1A). For each cell line, PT-Res clones have been generated using 20
cycles of treatments either applying the pulse method (high doses of cisplatin for 2 hours) or the
incremental method (low doses of cisplatin for 48 hours) (Sonego et al., 2017). In the attempt of
finding the mechanism underlying PT-resistance and novel strategies to overcome it, we screened
four EOC (OVSAHO, TOV-112D, MDAH-2774 and ES-2) PT-sensitive (parental) and two different
PT-Res isogenic clones (Figure 4.1B) with a library of 145 epigenetic modifiers (EMs, Cayman),
targeting Histone Methyl-Transferases (HMTSs), Histone De-Methylases (HDMs), Histone Acetyl-

Transferases (HATS), Histone De-Acetylases (HDACS), and acetylated lysine reader proteins (Figure
4.2A).

A
Cell Line Type Cell Line Type Cell Line Type
OVSAHO High Grade Serous TOV-112D Endometrioid ES-2 Clear Cell
OVCAR-8 High Grade Serous MDAH-2774 Endometrioid TOV-21G Clear Cell
B
OVSAHO TOV-112D MDAH-2774 - ES-2
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CDDP (uM) CDDP (uM) CDDP (uM) CDDP (uM)
IC50 (uM) 95%CI (uM) IC50 (uM) 95%CI (uM) IC50 (uM) 95%CI (uM) IC50 (UM) 95%Cl (uM)
Parental 34 31-37 Parental 35 34-36 Parental 4.6 4.4-49 Parental 5.4 5.0-59
PT-Res CI.39 5.4 49-59 PT-Res Cl.2 14.5 13.2-159 PT-ResCl12 237 201-278  PT-Res Cl4 24.9 224-277
PT-Res CI.56 8.0 75-86 PT-Res CI.7 8.6 79-93 PT-Res Cl.42  10.8 101-116  PT-ResCl9 18.1 15.4-21.2

Figure 4.1. PT-sensitive and PT-Res EOC cell lines. A) Available isogenic PT-Res cellular models. B) Nonlinear
regression analyses of cell viability assay in the indicated EOC cell lines, used in the EMs screening, treated with
increasing doses of cisplatin (CDDP) for 72 hours. Data are expressed as percentage of viable cells with respect to the

untreated (UNT) cells and represent the mean (xSD) of three biological replicates. Tables show the IC50 and the
confidence interval (CI) of each condition.

The screening identified the inhibitors of G9/GLP HMTs and of class | HDACs as the most promising
drugs in inducing PT-Res EOC cell death. Among the 7 compounds that are supposed to specifically
target the G9/GLP HMTs, we observed that all cell permeable G9a/GLP inhibitors (G9a/GLPi)
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(B1X01294, UNC0631, UNC0638, UNC0642, UNC0646) were effective in killing all tested cell lines
at the fixed dose of 5uM, while the not permeable ones did not (Figure 4.2B).
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Cell Permeable BIX01294 UNC0631 UNCO0638 UNC0642 UNC0646

Not Cell Permeable  UNC0224 UNCO0321

Figure 4.2. G9a/GLP histone methyltransferases inhibitors significantly reduce cell viability of isogenic PT-
sensitive and PT-Res EOC cells. A) EMs screening experimental design, aimed to identify druggable epigenetic
targets. For each EOC cell line (OVSAHO, TOV-112D, MDAH-2774 and ES-2) one PT-sensitive and two PT-Res
clones were seeded in 96-well plates in triplicates and treated with 145 EMs at the final concentration of 5uM for 72
hours. Cell viability was evaluated by MTS assay at the end of the treatment. Results are the mean of three independent
experiments. Statistical analyses identified 42 compounds able to significantly reduce cell viability in all models, and
among these G9a/GLP Histone methyltransferases inhibitors and Class | HDACs inhibitors resulted to be particularly
enriched. B) Graphs report the cell viability of indicated EOC cell lines treated or not with G9a/GLP specific inhibitors
at the final concentration of 5uM for 72 hours. The dotted line indicates the 75% of cell viability selected as limit for
EM to be considered active. Data are expressed as percentage of viable cells with respect to the untreated (UNT) cells
and represent the mean (£SD) of three biological replicates. The table reports the cell permeable G9a/GLP inhibitors
and the not permeable ones.

Next, we confirmed these data using in kill curve analyses the cell permeable compounds on a larger
number of EOC PT-Res clones (Figures 4.3 and 4.4). Excluding from the study BIX01294, that is
known to cause high toxicity in cells, limiting its usefulness as G9a/GLP chemical probe (Vedadi et
al., 2011) we decided to test the efficacy of UNC0631, the most potent G9a/GLPi in all tested models,
and UNC0638 and UNCO0642 that were specifically developed for their higher bio-availability in vivo
(Kim et al., 2017). In this manner we calculated the IC50 of UNC0631, UNC0638 and UNC0642 for
each cell line and its isogenic PT-Res clones (Figures 4.3 and 4.4). Differences among inhibitors
were not statistically significant, with the exception of UNC0642, less active than UNC0631 and
UNCO0638 in OVSAHO parental and PT-Res clones.
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Figure 4.3. Nonlinear regression analyses of cell viability assay in OVSAHO, TOV-112D, MDAH-2774 and ES-2
parental and PT-Res cells treated or not with increasing doses of UNC0631, UNC0638 or UNC0642 for 72 hours.
Tables show the 1C50 and the confidence interval (Cl) of each condition. Data are expressed as percentage of viable
cells with respect to the untreated (UNT) cells and represent the mean (xSD) of three biological replicates.
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Figure 4.4. A) Tables show the IC50 and the confidence interval (Cl) for CDDP for OVCAR-8 and TOV-21G. B)
Nonlinear regression analyses of cell viability assay in OVCAR-8 and TOV-21G cells treated or not with increasing
doses of UNC0631, UNC0638 or UNC0642 for 72 hours. Data are expressed as percentage of viable cells with respect
to the untreated (UNT) cells and represent the mean (xSD) of three biological replicates. Tables show the 1C50 and
the confidence interval (CI) of each condition.

Yet, UNCO0642 displays very good in vivo properties with low general and hematological toxicity in

mice (Y. Kim et al., 2017). Therefore, in this thesis we used UNCO0631 for in vitro experiments.

4.2 G9a/GLP inhibition re-sensitizes PT-Resistant cells to PT and second line

therapies

Next, we tested if and how G9a/GLPi were able to improve PT-efficacy and/or re-sensitize resistant

cells to PT and other drugs commonly used to treat EOC patients (i.e. doxorubicin and taxol). Thus,
we tested the effects of UNC0631 and CDDP combination treatment using OVSAHO cells as model.
We firstly treated parental and PT-Res OVSAHO cells with UNC0631 for 24 hours, then we removed
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the inhibitor and added CDDP for 48 hours (Figure 4.5A). When administrated at the same concen-
tration used in the screening (Figure 4.5B), UNCO0631 slightly increased CDDP activity in parental
but not in PT-Res cells. Otherwise, higher doses of inhibitor further reduced both parental and PT-
Res cell viability, whether both when administrated alone and in combination with cisplatin (Figure
4.5C), probably owed to UNCO063L1 intrinsic toxicity. Then, we administrated UNC0631 after CDDP
(Figure 4.5D), observing that the inhibitor increased PT activity in PT-Res clones, having minor or

no effects on the ability of PT to kill parental cells (Figure 4.5E, compare green with pink columns).
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Figure 4.5. UNCO0631 increases parental and PT-Res OVSAHO cells sensitivity to cisplatin. A) Experimental
design of UNC0631 + CDDP treatment. Cells, plated at high confluence (0), were treated for 24 hours with UNC0631
(1), then the inhibitor was removed and cells were exposed to 2 uM of CDDP for 48 hours (2), finally cell viability
was evaluated by MTS assay (4). B-C) Graphs show cell viability of OVSAHO parental and PT-Res clones treated or
not with 5 pM (B) or 8 pM (C) of UNCO0631 followed by CDDP treatment. D) Experimental design of
CDDP + UNCO0631 treatment. Cells, plated at high confluence (0), were exposed to 2 uM of CDDP for 48 hours (1),
then drug was removed and cells were treated with UNCO0631 for 24 hours (3), finally cell viability was evaluated by
MTS assay (4). E) Graph shows cell viability of OVSAHO parental and PT-Res clones treated or not with CDDP
followed by 24 hours of 5 uM of UNCO0631. *All data are expressed as percentage of viable cells with respect to the
untreated (UNT) cells and represent the mean (£SD) of three biological replicates. Statistical significance was deter-
mined by a one-way ANOVA (*p<0.05; **p<0.01; ***p<0.001).
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Based on these results, using the schema reported in Figure 4.5D, we confirmed the increased PT
activity by UNCO0631 combined treatment also in all tested PT-Res EOC clones (Figure 4.6).
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Figure 4.6. UNCO0631 increases parental and PT-Res EOC cells sensitivity to cisplatin. Graphs show cell viability
of parental and PT-Res clones of the indicated EOC cell lines treated or not with CDDP for 48 hours followed by 24
hours of UNCO0631. Different doses of CDDP were used to treat the different cell lines: 2,5 uM for TOV-21G, 5 uM
for MDAH-2774, ES-2 and OVCAR-8, and 10 puM for TOV-112D. UNCO0631 was used at the final concentration of
2,5 uM in MDAH-2774, ES-2 and TOV-21G, 3 uM in OVCAR-8 and 6 UM in TOV-112D. All data are expressed as
percentage of viable cells with respect to the untreated (UNT) cells and represent the mean (xSD) of three independent
experiments. Statistical significance was determined by a one-way ANOVA (*p<0.05; **p<0.01; ***p<0.001).

To complete this characterization, we evaluated the effect of UNC0631 treatment in combination
with cisplatin in ID8 CRISPR/Cas9-modified mouse epithelial ovarian cells, knock-out (KO) for
TP53 alone or in combination with the KO of BRCA1, or BRCA2, or PTEN (J. Walton et al., 2018;
J. B. Walton et al., 2017). ID8 TP53+BRCA1X° and TP53+BRCA2KP cells have defective homolo-
gous recombination DNA repair pathways and, accordingly, increased sensitivity to PT, whereas 1D8
TP53+PTENKO cells exhibit increased resistance to PT treatment respect to 1D8 TP53K° cells (Figure
4.7A).
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Figure 4.7. UNCO0631 increases ID8 CRISPR/Cas9-modified mouse epithelial ovarian cells sensitivity to cispla-
tin. A-B) Nonlinear regression analyses of cell viability assay in ID-8 TP53X°, TP53X0+BRCA1XC,
TP53K0+BRCA2KC, TP53KC+PTENKO cells, treated or not with increasing doses of CDDP (A) or UNC0631 (B) for
72 hours. Data are expressed as percentage of viable cells with respect to the untreated (UNT) cells and represent the
mean (+SD) of three biological replicates. The tables report the IC50 and the confidence interval (Cl) of each condi-
tion. C-D) Graphs show cell viability of the indicated 1D-8 cell lines treated or not with 10 uM (C) or 2,5 uM (D) of
CDDP for 48 hours followed by 24 hours of UNCO0631. All data are expressed as percentage of viable cells with
respect to the untreated (UNT) cells and represent the mean (+SD) of three independent experiments. In C and D
statistical significance was determined by a one-way ANOVA (*p<0.05; **p<0.01; ***p<0.001). (KO is indicated
as -/-).
We performed dose response curves treating ID8 PT-sensitive and PT-Res cells with UNC0631 and
calculated their IC50 (Figure 4.7B), observing that PTENKO cells were slightly more resistant to the
inhibitor than the other cellular models. When the cells were treated with the PT+UNC0631 combi-
nation using the schema reported in Figure 4.5D we observed that UNCO0631 increased PT activity
in all models independently on the loss of BRCA1 or BRCA2 and on the dose of cisplatin (Figure
4.7C and D, respectively). Importantly, UNCO0631 re-sensitized PTENK® cells to PT treatment (Fig-
ure 4.7C), recapitulating in this controlled mouse model of HGSOC what observed in human-derived
cell lines.
Additionally, using OVSAHO cells as a model, we investigated if UNC0631 increased the activity
of doxorubicin and taxol, two other commonly anticancer agents used to treat EOC patients. We have

already reported that OVSAHO PT-Res cells display for taxol an IC50 of 2- to 5-fold higher than
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parental cells, while they had an IC50 for doxorubicin similar to the one of parental cells (Sonego et
al., 2017). By treating OVSAHO parental and PT-Res cells as shown in Figure 4.8A we observed
that UNCO0631 re-sensitized PT-Res cells to taxol (Figure 4.8B) and increased the cytotoxic activity
of doxorubicin especially in PT-Res clones (Figure 4.8C).
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Figure 4.8. UNCO0631 increases OVSAHO parental and PT-Res cells sensitivity to taxol and doxorubicin. A)
Experimental design used in taxol/doxorubicintUNC0631 combined treatment. Cells, plated at high confluence (0) in
a 96-wells plate, were exposed to taxol (100 nM) or doxorubicin (3 uM) for 48 hours (1), then drug was removed and
cells were treated with 6 uM of UNCO0631 for 24 hours (3), finally cell viability was evaluated by MTS assay (4). B-
C) Graph shows cell viability of OVSAHO parental and PT-Res clones treated or not with taxol (B) or doxorubicin
(C) followed by 24 hours of UNC0631. All data are expressed as percentage of viable cells with respect to the untreated
(UNT) cells and represent the mean (£SD) of three independent experiments. Statistical significance was determined
by a one-way ANOVA (*p<0.05; **p<0.01; ***p<0.001).

4.3 Functional role of G9a/GLP in EOC

Based on these promising results we evaluated G9a and GLP protein levels in parental and PT-Res
OVSAHO cells showing however no significant differences in their expression when whole cell ly-
sates were analyzed (Figure 4.9A). Yet, when we evaluated the expression of H3K9me2 (the target
of G9a/GLP HMTs activity) in the chromatin fraction of the same cells treated or not with cisplatin
for 24 hours, we observed that in untreated conditions all PT-Res clones displayed higher levels of
H3K9 di-methylation (Figure 4.9B), as also confirmed by the densiometric quantification of the blots
(Figure 4.9C). After cisplatin treatment H3K9me2 expression increased both in parental and PT-Res

cells, although the increase was more evident for parental cells (Figure 4.9B-D).
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Figure 4.9. G9a/GLP expression and H3K9 methylation in OVSAHO cells. A) Western blot evaluating the expres-
sion of G9a and GLP in OVSAHO parental and PT-Res cells in basal conditions. GAPDH was used as loading control.
Densitometric analysis of G9a/GAPDH and GLP/GAPDH ratio is reported under the blot. B) Western blot evaluating
the expression of H3K9me2 in the chromatin fraction of OVSAHO parental and PT-Res cells treated or not with
CDDP. Histone H3 was used as loading control. Densitometric analysis of H3K9me2/H3 ratio is reported under the
blot. C) Graph reports the densiometric quantification of di-methylation in parental and PT-Res cells in untreated
condition, folded on parental untreated. D) Graph reports the densiometric quantification of the experiment in (B).

These results were confirmed by cell fraction using ES-2 cells in which we evaluated G9a protein
expression and localization and H3K9me2 expression in parental and PT-Res cells, treated with cis-
platin and/or UNC0631 for 24 hours, using cytoplasmic, nuclear and chromatin fractions. In untreated
conditions G9a was more expressed in PT-Res cells respect to their parental counterpart, both in the
nuclear and in the chromatin fractions. Cisplatin treatment increased the expression of G9a in PT-Res
cells, especially on chromatin. Interestingly, in both parental and, more evidently, in PT-Res cells the
G9a fraction bound to chromatin decreased in cells treated with UNC0631 and with the combination
CDDP+UNCO0631, with a concomitant increase of its nuclear fraction. As expected, the inhibition of
G9a-chromatin binding by the inhibitor treatment, leaded to a decrease of H3K9 di-methylation both
in parental and, more pronouncedly, in PT-Res cells (Figure 4.10A and B). Overall, these results
support the possibility that G9a/GLP activity is commonly increased in PT-Res EOC cells and that it

is positively regulated by platinum treatment.
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Figure 4.10. Chromatin binding of G9a is regulated by PT in EOC cells. A) Western blot evaluating the expression
of G9a, H3K9me2 and Histone H3 in ES-2 parental and PT-Res cells treated for 24 hours with CDDP and/or UNC0631,
as indicated. Fibrillarin and Histone H3 were used as loading control for nuclear and chromatinic fractions, respec-
tively. Densitometric analysis of H3K9me2/H3 ratio is reported under the blot. B) Graph reports the densitometric
quantification of the experiment in (A).

4.4 Role of G9a/GLP inhibition in PT-induced DNA damage response

We have already observed that EOC PT-Res cells accumulate less DNA damage following cisplatin
treatment respect to parental cells, as demonstrated by the lower levels of Histone H2AX phosphor-
ylation (yYH2AXpS139) (Sonego et al., 2017). We confirmed this observation in the newly generated
PT-Res models (Figure 4.11A-C). Based on these observations and on the recent evidences propos-
ing a role of G9a/GLP inhibitors in enhancing chemotherapy anti-tumor effects by impairing DNA
repair, we investigated the response of PT-Res cells to cisplatin, following UNC0631 treatment.
Western blot analyses of phosphorylated S139 Histone H2AX (yYH2AX) expression, used as marker
of DNA damage, were performed in OVSAHO, OVCAR-8 and ES-2 parental and PT-Res cells,
treated or not with cisplatin and/or UNC0631 for 24 hours (Figure 4.11D). Cisplatin and UNC0631
strongly increased the expression of YH2AX in all the parental cells, and, slightly, in OVCAR-8 and
ES-2 PT-Res clones. Interestingly, in both parental and, more evidently, in PT-Res cells, yYH2AX
levels increased with cisplatin and UNC0631 combination treatment. yH2AX expression is not influ-
enced by the dose of UNC0631 utilized in OVSAHO PT-Res cells, accordingly with our previous
results (see Results 4.1), indicating that OVSAHO cells are more resistant to UNCO0631 treatment
respect to the other EOC cell lines (see Results 4.1, Figure 4.3).
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Figure 4.11. Cisplatin induces DNA damage in EOC cells. A) Western blot analysis of S139 Histone H2AX
(YH2AX) expression, used as marker of DNA damage, in OVSAHO parental and PT-Res cells untreated or treated
with cisplatin for 24 hours as indicated. B) Immunofluorescence analysis evaluating yYH2AX (red) expression in
OVSAHO cells untreated (UNT) or treated for 24 hours with 20 UM of CDDP. Graph on the right shows the percentage
of yYH2AX-positive cells of untreated (UNT) and cisplatin-treated (CDDP) OVSAHO parental and PT-Res cells. Sta-
tistical significance is report in the graph and was calculated using Student’s t test. C) Western blot analysis of yYH2AX
expression in parental and PT-Res cells of the indicated EOC cell lines untreated or treated with different doses of
CDDP for 24 hours. GAPDH was used as loading control. D) Western blot analysis YH2AX expression in parental and
PT-Res cells of the indicated EOC cell lines untreated or treated with CDDP and/or UNC0631 for 24 hours. GAPDH
and Vinculin were used as loading control. Different doses of CDDP were used to treat the different cell lines: 15 pM
for OVSAHO parental and ES-2; 20 pM for OVCAR-8 and 25 pM for OVSAHO PT-Res cells. UNC0631 was used
at the final concentration of 2 uM in OVSAHO parental, OVCAR-8 parental and ES-2, 2,5 uM in OVCAR-8 PT-Res
and 4 uM in OVSAHO PT-Res cells.

PT-Res cells showed a reduced DNA platination and faster removal of platinum from the DNA
(Sonego et al., 2017) and, interestingly, here we confirmed these data on the newly generated
OVSAHO PT-Res clones. Moreover, using the treatment schedule reported in Figure 4.12A, in which
OVSAHO cells were treated with cisplatin for 48 hours and then with UNCO0631 in cisplatin-free
medium for additional 24 hours, we observed that G9a inhibition both in parental and, with lesser
extent, in PT-Res cells increased DNA platination in a dose dependent manner (Figure 4.12B). These
data suggest a possible role for G9a in decreased DNA damage (for PT decreased uptake or increased
detoxification/expulsion), increased DNA repair or both.
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Figure 4.12. UNCO0631 increases DNA platination in OVSAHO cells in a dose dependent manner. A) Experi-
mental design of DNA platination assay performed on OVSAHO cells. Cells plated at high confluence (0), were ex-
posed to cisplatin (3 uM) for 48 hours (1), then drug was remove and cells were treated with low or high dose of
UNCO0631 (respectively 3 - 6 uM for parental cells, and 8 - 10 uM for PT-Res cells) for 24 hours (3), finally DNA was
extracted to proceed with the dot blot. B) Dot blot analyses evaluating the amount of platinated-DNA in parental and
PT-Res cells untreated or treated with CDDP for 48 hours and then released in cisplatin-free medium or UNC0631 for
additional 24 hours, to allow for DNA repair.

Next, we checked if the increased DNA damage, favored by G9a inhibition, was accompanied by an
increased activation of the apoptotic pathway. With this aim, by 3D immunofluorescence analysis,
we evaluated the expression of cleaved caspase 3, used as marker of apoptosis, in OVSAHO parental
and PT-Res cells treated with cisplatin and/or UNC0631. We treated PT-Res clones for 72 hours,
whereas parental cells treatment was stopped at 48 hours because of their reduced ability to growth
in matrigel matrix under platinum treatment. Our data showed that PT-Res cells treated with
UNCO0631 displayed higher levels of cleaved caspase 3 respect to the untreated ones, and
CDDP+UNCO0631 treatment strongly increased the expression of cleaved caspase 3 respect to cispla-
tin alone (Figure 4.13).
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Figure 4.13. UNCO0631 increases cleaved caspase-3 expression in OVSAHO cells when combined with cisplatin.
Immunofluorescence analysis evaluating cleaved caspase 3 (green) expression in OVSAHO cells untreated (UNT) or
treated with 2,5 uM of CDDP and/or UNC0631 (UNC) for 48 hours (parental) or 72 hours (PT-Res). Parental and PT-
res cells were treated with 4 uM and 7 uM of UNCO0631, respectively. Nuclei were stained with propidium iodide
(blue).

4.5 Role of G9a/GLP complex in cell-cell contact and stemness

The data collected above demonstrated that G9a/GLP inhibition induced cell death and improved PT
activity in EOC, especially in the context of PT-Res cells. These effects are likely due to the ability
of G9a/GLPi to increase DNA platination and the consequent PT-induced DNA damage, two pheno-
types strongly and frequently hampered in PT-Res cells (Sonego et al., 2017). Another phenotype
commonly observed in PT-Res EOC cells is the alteration of the Epithelial-Mesenchymal Transition
(EMT)/Mesenchymal-Epithelial Transition (MET) processes that confers to PT-Res cells a greater
ability to spread, attach and grow (Sonego et al., 2017). Ovary-sphere formation is a validated assay
to evaluate the EMT transitions in ovarian cancer cells and their metastatic potential (Sonego et al.
Sci Adv. 2019). We thus tested if G9a/GLP could also be involved in the regulation of EMT/MET in
OVSAHO PT-sensitive and PT-Res cells. We confirmed that PT-Res clones form a higher number
and bigger spheres respect to the parental cells (Figure 4.14A). Then, we observed that G9a/GLP
inhibition significantly decreased the ability of parental and PT-Res OVSAHO cells to form spheres

and potentiate the activity of cisplatin in inhibiting sphere formation (Figure 4.14B).
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Figure 4.14. OVSAHO 3D growth assay. A) Graphs showing number (left) and area (right) of parental and PT-Res
spheres. Below, two representative images of spheres formed by OVSAHO parental and PT-Res cells are reported.
Statistical significance was determined by a two-tailed unpaired Student’s t test (***P < 0.001). B) Graphs showing
number of spheres formed by OVSAHO parental (left) and PT-Res cells (right) untreated (UNT) or treated with 2,5
1M of cisplatin (CDDP) and/or UNC0631 (UNC) for 48 hours (parental) or 72 hours (PT-Res). Parental and PT-res
cells were treated with 4 uM and 7 uM of UNCO0631, respectively. Representative images of spheres formed by
OVSAHO parental (left) and PT-Res cells (right) for each condition are reported below the graphs.

These results were then corroborated by immunofluorescence (IF) analyses looking at the expression

and the localization of proteins involved in cell-cell contacts that are altered in mesenchymal PT-Res

cells (Sonego et al., 2017). Indeed, IF analyses showed that in basal conditions, the expression of [3-

catenin, involved in the adherence junctions’ structure, is less expressed and more widespread within

OVSAHO PT-Res cells respect to their parental counterpart, in which it is more expressed and mainly

localized at cell membrane (Figure 4.15A). Treatment with cisplatin induced a decrease in the

amount of B-catenin in parental cells and an increased nuclear localization in PT-Res once (Figure
4.15B). This effect, mediated by CDDP, seemed to be reverted by UNCO0631 both in parental, with a

restoration of basal amount of B-catenin, and in PT-Res cells, inducing protein membrane localization
(Figure 4.15B).
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Figure 4.15. UNC0631 induces p-catenin re-localization. A/B) Immunofluorescence analysis evaluating the expres-
sion of B-catenin (green) in OVSAHO parental and PT-Res cells untreated (UNT) or treated with 20 uM of CDDP
and/or 4 uM of UNC0631 (UNC) for 24 hours. In A cells were acquired with the same acquisition parameters to
highlight the differences between parental and PT-res cells. In B is reported the higher exposition times of B-catenin
(green) to better highlight its localization in PT-Res cells.

Looking at other cell-cell junction markers, we observed, by IF, different expression and distribution
of occludin (marker of tight junctions) and p120-catenin (marker of adherence junctions) between
parental and PT-Res cells, treated with CDDP and/or UNCO0631 for 24 hours. In particular, at basal
condition p120-catenin in PT-Res cells resulted redistributed in the cytosol rather than at the cell
membrane, as observed in PT-sensitive cells. In parental cells cisplatin treatment slightly decreased
p120-catenin levels at cell membrane, and this effect was reverted by the treatment with UNC0631
(Figure 4.16A, red). Similar observations were made in parental cells for occludin, that in parental
cells more localized on membrane and increased under UNCO0631 treatment, both alone and in com-
bination with cisplatin (Figure 4.16A, green). In PT-Res cells both p120-catenin and occludin were
less localized at cell membrane respect to parental cells and their localization was less affected by

both cisplatin and UNCO0631 treatment respect to untreated cells (Figure 4.16B).
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Figure 4.16. UNCO0631 alters occludin and p120-catenin expression and localization. A/B Immunofluorescence
analysis evaluating the expression of occludin (green) and p120-catenin (red) in OVSAHO parental (A) and PT-Res
cells (B) untreated (UNT) or treated with 20 uM of CDDP and/or 4 uM of UNCO0631 (UNC) for 24 hrs.
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Overall, these data suggest that PT-treatment induce changes in cell-cell contacts and that these
changes could be reverted by G9a/GLP inhibition supporting a possible role for G9a/GLP not only
in DNA repair but also in EMT regulation.
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4.6 Genome wide Gene Expression Profile (GEP) showed gene expression regu-
lation by H3K9 methylation in OVSAHO cells

Trying to identify signaling pathways modulated by G9a/GLP inhibitors that could mediate their ac-
tivity as anticancer drugs, both alone and in combination with cisplatin, we used a genome wide Gene
Expression Profile (GEP) on parental and PT-Res cells treated or not with cisplatin and UNC0631.
To this aim total RNA was extracted from parental (3 different replicates) and PT-Res (3 different
clones) OVSAHO cells, treated as depicted in Figure 4.17A. Unsupervised cluster analyses of GEP
showed that parental and PT-Res cells segregate by cell type and treatment (Figure 4.17B).
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Figure 4.17. Unsupervised cluster analyses of GEP revealed that parental and PT-Res cells segregate by cell
type and treatment. A) OVSAHO PT-sensitive and PT-Res cells were treated with CDDP (20 uM) and/or UNC0631
(6 uM) for 16 hours. Extracted RNA was used for Microarray Analysis. B) Unsupervised cluster analyses of parental
and PT-Res cells treated with PT, UNCO0361 or PT+UNC0361.

This approach, coupled with Gene Set Enrichment Analyses (GSEA), was highly informative and
highlighted several interesting results: first we observed that 3441 genes (1994 up-regulated and 1447
down-regulated in parental vs PT-Res cells) were differentially expressed in untreated parental and
PT-Res OVSHAO cells (Figure 4.18A), and that this signature in GSEA analyses demonstrated that
Focal Adhesion and Canonical Wnt pathways were the most significantly enriched in untreated PT-
Res respect to parental cells (Figure 4.18B), suggesting a possible molecular explanation for the
higher in vitro adhesive and invasive capabilities of PT-Res cells.
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Figure 4.18. Focal Adhesion and Wnt pathways are enriched in PT-Res cells. A) Heat map of supervised clustering
analyses identified genes differentially expressed between untreated parental and PT-Res cells. B) GSEA of genes
differentially expressed in untreated parental and PT-Res cells identified Focal Adhesion and Wnt pathways.

Then we analyzed the effects of cisplatin and UNC0631 on GEP of parental and PT-Res cells (Figure
4.19). Interestingly while cisplatin did not affect the expression of UNC0631 modified genes,
UNCO0631 reverted the expression of 10% and 19% of genes modified by cisplatin in parental and
PT-Res cells respectively, supporting a role for G9a/GLP in the transcriptional modifications induced
by PT.
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CDDP+631 CDDP  UNT
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Parental -
/199
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Figure 4.19. CDDP-modified GEP is partially reverted by UNCO0631. Heat map of supervised clustering analyses
identified genes modified by CDDP treatment alone, using fold change >2 and p<0.05, then compared to GEP from
OVSAHO parental and PT-Res cells treated with CDDP and UNCO0631. Venn diagram (right) showing the genes
differentially modulated by CDDP and reverted by UNC0631 treatment.
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GSEA performed on genes differentially expressed among PT-Res OVSAHO cells treated with
CDDP versus CDDP+UNC0631 showed that Tight Junction, Canonical Wnt and Focal Adhesion
pathways were all highly significantly enriched in PT-treated PT-Res cells and reverted by UNC0631
(Figure 4.20A).
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Figure 4.20. Wnt and Adhesion pathways are modified by PT in PT-Res cells. A) GSEA of gene differentially
expressed in PT-Res cells untreated or PT-treated identified Ubiqutin, Tight Junction, Wnt and Focal Adhesion path-
ways as the most significantly enriched by PT. The expression of genes belonging to the Ubiquitin pathway was not
affected by UNCO0631 and therefore not investigated here. NES=Nominal Enrichment Score. FDR= False Discovery
Rate. B) GSEA of Wnt pathway genes modulated by cisplatin and reverted by UNCO0631 in PT-Res cells.

4.7 Role of G9a/GLP in the regulation of Wnt pathway in EOC

The biological and molecular results collected so far suggested that G9a/GLP inhibitors could affect
EMT and cell-cell contact by altering the expression of Canonical Wnt pathway, a signally pathway
deeply involved in the acquisition of PT-resistance and stem-like phenotypes in human cancer, in-
cluding EOC (Arend et al., 2013). Therefore, we tried to confirm a possible role for UNCO0631 in
regulating the transcription of selected genes belonging to Canonical Wnt pathway and to verify if
this regulation was due to an altered H3K9 methylation. To validate the results obtained by microar-
ray analysis with gRT-PCR, we tested the expression of the 5 most upregulated and downregulated
genes by PT and reverted by UNCO0631 belonging to Canonical Wnt pathway, and confirmed that
three upregulated (the FRIZZLED1, FRIZZLED7 and FRIZZLED? receptors) and two downregu-
lated genes (FBXW11 and BTRC) (Figure 4.20B) were modified by cisplatin in a G9a/GLP-depend-
ent manner in PT-Res cells (Figure 4.21A).
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Figure 4.21. Wnt pathway-related genes modified by PT are partially reverted by UNCO0631 in EOC cell lines.
A) gRT-PCR reporting the normalize BTRC, FBXW11 and FRIZZLEDs (FZD1, FZD7 and FZD9) mRNA expression
in OVSAHO parental and PT-Res cells untreated (UNT) or treated with cisplatin (CDDP) and or UNC0631 (UNC) for
16 hours. B) qRT-PCR reporting the normalize FZD1, FZD7, BTRC and FBXW11 mRNA expression in the indicated
EOC cell lines untreated (UNT) or treated with cisplatin (CDDP) and or UNC0631 (UNC) for 16 hours.

Based on this evidence, we tested by qRT-PCR if the expression of BTRC, FBXW11 and FRIZ-
ZLEDs was regulated by G9a and by PT-treatment also in other available parental and PT-Res EOC
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lines. Results showed that the expression of BTRC and FBXW11 is downmodulated by cisplatin and
reverted by UNCO0631 in all tested cell lines, whereas the FRIZZLEDs genes were differentially mod-
ulated in a cell- and treatment-dependent manner (Figure 4.21B).

Therefore, we next tested if cisplatin affected the ability of G9a to bound the BTRC promoter (Figure
4.22A), performing ChIP analyses on PT-sensitive and PT-Res EOC cells treated with cisplatin. ChIP
analysis on the TOV-112D model confirmed that in basal condition, G9a bound to the distal region
of BTRC promoter (Figure 4.22B). We observed a more efficient binding of G9a to BTRC promoter
between bases -339 and -782 from the transcription start site (TSS) and similar binding between -761
and -1000 from TSS in PT-Res respect to the parental cells. At the same time, H3K9me2 was espe-
cially present in the same region of BTRC promoter (between -535 and -1000 from TSS) and was
higher in PT-Res cells respect to their parental counterpart, supporting an increased G9a activity in
PT-Res clones on the regulation of BTRC promoter. Both parental and PT-Res cells treated with
cisplatin for 16 hours displayed a general decrease in the G9a binding to BTRC promoter. Yet espe-
cially in PT-Res cells we observed a shift of G9a binding to the more proximal regions of the promoter
with a peak in the -339 and -556 region (compare yellow empty bars in Figure 4.22B). Using the
anti-H3K9me2 antibody in the ChIP experiments on the same chromatin we observed a slightly
higher H3K9me2 binding to the BTRC promoter especially in PT-Res respect to parental cells under
cisplatin treatment (Figure 4.22C). Again, the PT-induced increase in H3K9me2 was more evident
in the -339 and -556 region of the promoter with a clear parallel between G9a binding modulation
and H3K9 di-methylation (compare yellow empty bars in Figure 4.22C). We confirmed these find-
ings in OVSHAO cells where an increase in H3K9me2 was evident in PT-Res respect to parental
cells (Figure 4.22D). In this case, however, cisplatin treatment did not significantly modify the
H3K9me2 of BTRC promoter in resistant cells while a reduction of the binding was induced by cis-

platin in parental cells (compare empty bars in Figure 4.22D).
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Figure 4.22. PT-Res EOC cells display higher H3K9me2 levels at BTRC promoters. A) Scheme of BTRC pro-
moter, subdivided in 5 regions. (+1) indicates the transcription start site. B-C) Graphs showing the amount of immuno-
precipitated G9a (B) bound to BTRC promoter regions and H3K9me?2 levels (C) in parental and PT-Res cells untreated
(UNT) or treated with 50uM of cisplatin (CDDP) for 16 hours. D) Graph showing the amount of immunoprecipitated

H3K9me2 on BTRC promoter in parental and PT-Res cells untreated (UNT) or treated with 25uM of cisplatin (CDDP)
for 4 hours.

Results obtained with GEP and GSEA (Figures 4.18, 4.19 and 4.20), gRT-PCR (Figure 4.21) and
ChIP analysis (Figure 4.22), support the possibility that in our EOC cell lines G9a regulates the
transcription of BTRC and, likely FBXW11, both at basal condition and under cisplatin treatment.
BTRC and FBXW11 encode for the E3-ubiquitin-ligases B-TRCP1 and B-TRCP2 respectively, which
collaborate with other proteins for the degradation of B-catenin (Cui et al., 2020). As B-TRCP1 and
B-TRCP2 are paralogs, with similar biochemical properties and thought to be functionally redundant
due to their lack of selectivity in the recognition of substrates (Cui et al., 2020), we decided to focus
our attention on the most studied, B-TRCPL1. Firstly, we performed a time course treatment with cis-

platin on OVSAHO parental and PT-Res cells, to evaluate PT-effects on BTRC mRNA expression
(Figure 4.23A).
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Figure 4.23. Cisplatin decreases BTRC mRNA expression and protein levels. A) mRNA expression of BTRC in
parental and PT-Res OVSAHO cells untreated (0) or treated with CDDP (25 uM) for 2, 4, 6 and 16 hours. B) Western
blot analysis of B-TRCP1 expression in OVCAR-8 parental and PT-Res cells treated with CDDP (30 pM) for 4, 8, 16
and 24 hours, and then released in cisplatin-free medium for additional 4 hours (+4), 8 hours (+8) or 24 hours (+24).
ACTIN was used as loading control. C) Western blot analysis of B-TRCP1 expression in TOV-112D parental and PT-
Res cells treated with CDDP (25 uM) for 4, 8, 16 and 24 hours. GAPDH was used as loading control.

OVSAHO displayed decreased BTRC mRNA expression levels as early as 2 hours of cisplatin, and
throughout the treatment, respect to the untreated condition. Western blot analysis of p-TRCP1 ex-
pression in OVCAR-8 cells, showed decreased protein levels in both parental and PT-Res cells with
increasing times of cisplatin (Figure 4.23B). Using the same approach, we confirmed the effect of
cisplatin on B-TRCP1 also in TOV-112D cells used in ChIP experiments (Figure 4.23C).

Next, we investigated the effect of UNCO0631 treatment, combined or not with cisplatin, on B-TRCP1
protein levels in OVSAHO, OVCAR-8 and TOV-112D parental and PT-Res cells, treated for 24
hours with CDDP and/or the inhibitor. In the first two cell lines we observed that PT-Res cells dis-
played lower amount of B-TRCP1 respect to their parental counterpart (Figure 4.24A and B) while
in the TOV-112D models parental and PT-Res cells had similar levels of the protein (Figure 4.24C).
Yet, in all tested models, cisplatin alone caused a decrease of B-TRCP1 that was prevented by the
combined use of UNCO0631 (Figure 4.24A-C), except for OVCAR-8 PT-Res clone for which the
effects of cisplatin are not evident. In TOV-112D and OVCAR-8 PT-Res cells UNC0631 used as
single agent also increased B-TRCPL1 protein levels. Overall, these results are in line with the regula-
tion of BTRC mRNA expression by CDDP and/or UNCO0631 showed before (Figures 4.21A-B).
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Figure 4.24. Cisplatin decreased B-TRCP1 protein levels, restored by UNCO0631 treatment. Western blot evalu-
ating the expression of B-TRCP1 in OVSAHO (A), OVCAR-8 (B) and TOV-112D (C) parental and PT-Res cells
treated with CDDP and/or UNC0631 for 24 hours. GAPDH and VINCULIN were used as loading control. Different
doses of CDDP were used to treat the different cell lines: 15 pM and 25 pM respectively for OVSAHO parental and
PT-Res cells; 20 uM and 40 uM respectively for OVCAR-8 parental and PT-Res cells, and 50 uM for TOV-112D.
UNCO0631 was used at the final concentration of 1,5 uM in TOV-112D parental, 2 uM in parental OVSAHO and
OVCAR-8 and in TOV-112D PT-Res, 2,5 uM in OVCAR-8 PT-Res and 4 uM in OVSAHO PT-Res cells.

To verify if the in vitro data were relevant and consistent with the human pathology, we analyzed the
expression of G9a and BTRC in HGEOC primary samples collected in our Institute dividing the
collected HGEOC samples in naive (primary) from untreated patients and in pre-treated samples,
from patients who already received platinum-based therapy (Figure 4.25). The expression of both
G9a, and especially BTRC mRNA was reduced in pre-treated respect to the primary samples, overall
supporting the possibility that the G9a played a role in the platinum response also in vivo by regulating
B-TRCP1 expression.
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Figure 4.25. G9a and BTRC mRNA expression in HGSEOC samples from platinum-treated and untreated pa-
tients. gRT-PCR reporting the normalize G9a and BTRC mRNA expression in tumor samples obtained from patients
with primary untreated or platinum-treated EOC (pre-treated) (i.e. patients with recurrent disease or treated with neo-
adjuvant chemotherapy).

4.8 Role of Wnt pathway in mediating the G9a/GLP response to PT and acqui-
sition of PT-resistance

Previous studies demonstrated the involvement of Wnt pathway in response to chemotherapy, plati-

num response and metastatic progression in EOC (Arend et al., 2013; Krishnamurthy & Kurzrock,

2018). Since BTRC and FBXW11 are central regulators of Wnt pathway by controlling B-catenin
protein degradation, we investigated in OVSAHO cells the effects of cisplatin and/or G9a/GLP
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inhibition on B-catenin protein expression. In basal condition PT-Res cells displayed lower levels of
[3-catenin respect to their parental counterpart (Figure 4.26A), confirming immunofluorescence re-
sults (see Results 4.5, Figure 4.15A). Quite unexpectedly cisplatin, UNC0631 or their combined
treatment for 24 hours did not affect B-catenin protein levels, neither in parental nor in PT-Res
OVSAHO cells (Figure 4.26B). Same results were obtained for other EOC cell lines with the excep-
tion of ES-2 parental cells in which a modulation of B-catenin protein expression by UNCO0631, cis-
platin and their combination was observed (Figure 4.26C). These results are however compatible
with the observation that UNCO0631 induces a re-localization of B-catenin to the cell membrane (see
Results 4.5, Figure 4.15A) since only cytoplasmic and nuclear 3-catenin is sensitive to degradation
(Shi et al., 2015).
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Figure 4.26. B-catenin protein levels are not affected by cisplatin and UNCO0631 treatment. A) Western blot anal-
ysis evaluating the basal expression of B-catenin in OVSAHO parental and PT-Res cells. GAPDH was used as loading
control. B) Western blot analysis of B-catenin expression in OVSAHO cells untreated (UNT) or treated with CDDP
and/or UNC0631 for 24 hours. GAPDH was used as loading control. Parental and PT-Res cells were treated with 15
UM and 25 pM of CDDP, respectively, and with 2 pM and 4 uM of UNC0631, respectively. C) Western blot analysis
of B-catenin expression in OVCAR-8, TOV-112D, ES-2 and TOV-21G parental and PT-Res cells untreated (UNT) or
treated with CDDP and/or UNC0631 for 24 hours, as indicated. GAPDH and VINCULIN were used as loading con-
trols.

Next, we tested if increasing doses of UNC0631 leaded to a decrease in [3-catenin protein levels, via
BTRC upregulation. We performed a dose-response treatment with UNC0631 in OVSAHO and
OVCAR-8 parental and PT-Res clones, then we evaluated the expression of 3-catenin by western blot

analysis. We observed that in OVSAHO parental cells $-catenin protein expression decreased in a
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dose-dependent manner, whereas in OVSAHO PT-Res (Figure 4.27A) and in OVCAR-8 cells (Fig-

ure 4.27B) B-catenin protein expression was insensitive to this treatment.
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Figure 4.27. A-B) Western blot analysis of B-catenin expression in OVSAHO (A) and OVCAR-8 (B) parental and
PT-Res cells, untreated (UNT) or treated for 24 hours with increasing doses of UNC0631. VINCULIN was used as
loading control.

The result collected so far suggested that G9a inhibition modulate Wnt/B-catenin pathway by tran-
scriptionally regulating BTRC (see Results 4.7) and by favoring the re-localization of B-catenin to
the plasma membrane (see Results 4.5). Thus, using the TOPFlash/Renilla Wnt receptor assay, we
evaluated the transcriptional regulation of the Canonical (-catenin dependent) Wnt pathway in
OVSAHO cells treated with cisplatin and/or UNCO0631 for 24 hours. TOPFlash reporter assay demon-
strated a significant increase in -catenin transcriptional activity in OVSAHO parental cells following
cisplatin treatment. When combined with cisplatin, UNC0631 inhibited B-catenin transcriptional ac-
tivity induced by cisplatin alone (Figure 4.28A). Based on these results we tested if Wnt/B-catenin
pathway stimulation could participate in the response of parental OVSHAO cells to cisplatin-induced
death and therefore explain at least in part the PT-Res phenotype. To this aim we used human recom-
binant Wnt3a (rWnt3a), since Wnt3a encoding gene was among those genes upregulated by PT and
reverted by UNCO0631 (see Results 4.6, Figure 4.20B). Results showed that rwnt3a given alone and
in association with UNCO0631 after platinum treatment (Figure 4.28B) significantly improved cell
survival in cells treated with the cisplatin+UNC0631 combination but not with cisplatin alone (Figure
4.28C).
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Figure 4.28. A) Graph showing the transcriptional activity of B-catenin in OVSAHO parental cells, transfected with a
Wnt/B-catenin-reporter plasmid (TOPFlash). Luciferase assay was performed following 24 hours of treatment with 15
UM of cisplatin (CDDP) and/or 2 uM of UNC0631 (UNC). A vector containing Renilla luciferase was used as internal
control for transfection efficiency and statistical significance is report in the graph and was calculated using Student t
test. B) Experimental design of cell viability analysis in (C). Cells, plated at high confluence (0), were exposed for 48
hours to 2 uM of cisplatin (CDDP) (1), than the drug was removed and cells were treated for 24 hours with 6 uM of
UNCO0631 and/or 0,1 pg/uL of recombinant-Wnt3a plasmid (2), finally MTS assay was performed. All data are ex-
pressed as percentage of viable cells with respect to the untreated (UNT) cells and represent the mean (£SD) of three
independent experiments. Statistical significance was determined by a one-way ANOVA (*p<0.05; **p<0.01;
***p<0.001).

Next, we tested the effect of XAV-939 and WNT-C59, two inhibitors of the Canonical Wnt pathway
on OVSAHO cell viability, to verify B-catenin activity contribution to PT-resistance in this model.
WNT-C59 is a small-molecule PORCN inhibitor, that acts by blocking the secretion of WNT family
ligands (Katoh, 2017), whereas, XAV-939 inhibits TNKS-dependent poly-ADP-ribosylation activity,
leading to the stabilization of Axin (a key component of the 3-catenin phosphorylation complex) and
the abrogation of the Wnt/B-catenin signaling (Guo et al., 2017). Dose-response curves treating
OVSAHO parental and PT-Res cells with the two inhibitors for 72 hours showed a small decrease in
PT-Res cell viability only when XAV-939 was used (Figure 4.29A). Therefore, we next used cispla-
tin and XAV-939 combination treatments using two different schedules of Wnt-inhibitor administra-
tion (Figure 4.29B and C). In this manner we observed that XAV-939 increased PT-induced death
in PT-Res cells when given after cisplatin treatment (Figure 4.29C) having minor or no effects in
parental cells and when administered before cisplatin (Figure 4.29B). If compared with PT-treatment
alone, both parental and PT-Res cells displayed significantly increased cell death when exposed to
high doses of XAV-939, before and, especially, after cisplatin treatment (Figure 4.29C).
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Figure 4.29. A) Dose-response curves performed on OVSAHO parental and PT-Res cell treated or not (UNT) with
increasing doses of WNT-C59 or XAV-939 for 72 hours. Data are expressed as percentage of viable cells with respect
to the untreated (UNT) cells and represent the mean (£SD) of three biological replicates. B) Experimental design of
XAV-939+CDDP treatment. Cells, plated at high confluence (0), were exposed for 24 hours to increasing doses (0,1 -
5 - 10 uM) of XAV-939 (1), than the inhibitor was removed and cells were treated for 48 hours with 2 uM of CDDP
(2), finally cell viability was evaluated by MTS (4 and graph below). C) Experimental design of CDDP+XAV-939
treatment. Cells, plated at high confluence (0), were exposed for 48 hours to 2 uM of CDDP (1), than platinum was
removed and cells were treated with increasing doses (0,1 -5 - 10 uM) of XAV-939 for 24 hours (3), finally cell
viability was evaluated by MTS (4 and graph below).

Overall, our data support the possibility that PT-resistance is driven in EOC cells by G9a/GLP HMTs
at least in part by the regulation of Canonical Wnt pathway, a possibility also proposed in recently
published manuscripts (Hua et al., 2014b). To verify if the activation of Wnt pathway by G9a could
have a significance in the human pathology we interrogated the online resource Kaplan Mayer Plotter
testing the expression of the G9a-dependent Wnt signature derived from the GEP and comprising the
G9a, WNT3, B-TRCP1, FZD1 and FZD7 genes. Indeed, this Wnt/G9a signature separates EOC pa-

tients based on their prognosis both for progression free- and overall-survival (Figure 4.30), indi-
rectly confirming the in vitro results.
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Figure 4.30. Wnt/G9a signature predict the prognosis in EOC patients. Kaplan Mayer survival curves predicting
the Progression Free Survival (left panel) and the Overall Survival (right panel) of EOC patients (n = 665) divided
based on the expression of Wnt/G9a signature (G9a,Wnt3, B-TRCP1, FZD1 and FZD7). Data were obtained using with
the online tool Ovmark.

4.9 Generation of G9a/GLP knockout PT-Resistant cells

To better address the role of G9a/GLP in PT-response we have generated OVSHAO PT-Res cells
knockout for both EHMT1 and EHMT?2 genes using the CRISPR/Cas9 technology (Figure 4.31A
and B). Starting from PT-Res Clone 56, we generated a single knockout, that lacks the EHMT2 gene
(G9aX°*1), and a double knockout, missing both EHMT2 and EHMT1 genes (G9a/GLPK%%), We
analyzed the coding sequence of EHMT1/EHMT2 from genomic DNA extracted from OVSAHO PT-

Res G9aX%*! and G9a/GLPX°* to confirm the occurred cut of the sequences (Figure 4.31C).
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Figure 4.31. EHMT1/2 knockout OVSAHO cells generated using CRISPR/Cas9 system. A) Schematic represen-
tation of CRISPR/Cas9 system used to produce EHMT1/EHMT?2 knockout cells. B) For targeting of the EHMT1 exon
3 and EHMT?2 exon 7 loci, two pairs of different sets of overlapping gRNAs (JRNAL and gRNA2) were used. gRNA
target sequences are shown in pink and the putative PAM sequence in orange. C) Representative four-color fluores-
cence electropherograms of EHMT1 (left) and EHMT2 (right) Sanger sequence performed on G9a%W", G9aK%# and
G9a/GLPX%* OVSAHO cells. Red boxes indicate the sequences recognized by the gRNAs. Black arrows indicate the
point where the sequence is no longer aligned with that of the WT, due to the cut made by Cas9 that leads to the

modification of the frameshift.
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Immunofluorescence and western blot analysis confirmed that CRISPR/Cas9-modified cells did not
express G9a (Figure 4.32A and B), and lost H3K9 di-methylation (Figure 4.32B).

A B

OVSAHO OVSAHO
Parental G9a WT Chromatin WT KO#1 KO#3

Hokome? | e |

Fibrillarin E‘

__ovsawo

Total lysate WT KO#1 KO#3

. . S ‘

G9a KO#1 G9a KO#3
G9a F-Actin

Figure 4.32. A) Immunofluorescence analysis of G9a (red) expression in parental and PT-Res G9a/GLPWTKO
OVSAHO cells. B) Western blot analysis of chromatin and total lysate G9a and H3K9me2 expression in OVSAHO
PT-Res G9a/GLPWTKO cells, Fibrillarin and GAPDH were used as loading controls, respectively for chromatin and
total lysate samples.

4.10 G9a/GLP knockout re-sensitizes PT-Resistant cells to PT

Interestingly, both G9aX®*! and G9a/GLPX*3 cells significantly increased the sensitivity to cisplatin
of PT-Res cells leading to a strong decrease of their cisplatin IC50 (Figure 4.33A). Indeed, we ob-
served that G9a/GLPX9* cells had the same sensitivity to cisplatin of parental cells (Figure 4.33B),
supporting a major role for G9a/GLP in inducing EOC PT-Resistance. Accordingly, PT-treated
G9aX® cells exhibited significant increased cleaved-caspase 3 expression respect to untreated condi-

tion, not observed in their wild type counterpart (Figure 4.33C).
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Figure 4.33. G9a/GLP knockout re-sensitizes PT-Res cells to cisplatin. A) Nonlinear regression analyses of cell
viability assay in OVSAHO G9a/GLP wild type (WT) and knockout (KO#1, KO#3) OVSHADO cells treated with in-
creasing doses of CDDP for 72 hours. Data are expressed as percentage of viable cells with respect to the untreated
(UNT) cells and represent the mean (xSD) of three biological replicates. Tables show the IC50 and the confidence
interval (Cl) of each condition. B) Dose-response curve performed on parental and PT-Res G9a/GLP WT/KO cells
treated with increasing doses of CDDP for 72 hours. Data are expressed as percentage of viable cells with respect to
the untreated (UNT) cells and represent the mean (xSD) of three independent experiments. Statistical significance was
determined by a one-way ANOVA (*p<0.05; **p<0.01; ***p<0.001). C) Immunofluorescence analysis of cleaved
caspase 3 expression in G9a"0 OVSAHO cells, untreated (UNT) or treated with 20 uM of cisplatin (CDDP) for 24
hours. Graph (right) shows the percentage of cleaved caspase 3 (CCN3)-positive cells of untreated (UNT) and cisplatin-
treated (CDDP) G9aW™/%© OVSAHO. Statistical significance is report in the graph and was calculated using Student’s
t test.

4.11 PT-induced DNA damage response is increased in G9a/GLP knockout cells

In accord with the effect of G9a/GLP knock out on PT-induced death we also observed by immuno-
fluorescence and western blot analyses a strong increase of PT-induced DNA damage, evaluated by
the expression of S139 Histone H2AX (YH2AX) in OVSAHO G9a%°* respect to WT cells (Figure
4.34A and B). Again, the expression of YH2AX in G9aKX%*! was more similar to the one observed in
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parental cells (Figure 4.11B) than the one present in PT-Res G9a"VT cells (Figure 4.34B). Similarly,
G9a* cells had increased DNA platination respect to both parental and PT-Res G9a"'T cells (Fig-
ure 4.34C).
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Figure 4.34. G9a/GLP knockout induces DNA-damage response under cisplatin treatment. A) Immunofluores-
cence analysis of YH2AXpS139 (red) in G9a"'"%0 OVSAHO cells untreated (UNT) and treated with 20 uM of CDDP
for 24 hours. Graph on the right shows the percentage of yH2AXpS139-positive cells of untreated (UNT) and cisplatin-
treated (CDDP) G9aW™%© OVSAHO. Statistical significance is report in the graph and was calculated using Student’s
t test. B) Western blot analysis of yH2AXpS139 expression in G920 OVSAHO cells untreated and treated with 20
UM of CDDP for 24 hours. C) Dot blot analyses evaluating the amount of platinated-DNA in parental and G9aW™/x©
cells untreated (UNT) or treated with 10 uM of CDDP for 24 hours.

4.12 BTRC regulation by G9a/GLP complex is partially confirmed by G9a/GLP

knockout

Data collected using G9a/GLP inhibitor (see Results 4.7) suggested the implication of G9a in Ca-
nonical Wnt pathway control, via the regulation of BTRC/FBXW11, WNT3 and FRIZZLEDs tran-
scription, both at basal condition and following cisplatin treatment. To ascertain these observations,
we analyzed the expression of B-TRCP1 in G9a/GLPX® cells. An 0-H3K9me2-ChlIP analysis per-
formed in G9a/GLPY KO cells on the most distal region of BTRC promoter showed the loss of di-

methylation in KO#3 clone when compared with the WT (Figure 4.35A). However, despite these
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quite convincing results, at B-TRCP1 mRNA and protein expression was similar in G9a WT and
KO#3 PT-Res OVSHAO cells both in basal condition and under cisplatin treatment (Figure 4.35B
and C). Looking at B-TRCP1 targets, as observed in the experiments performed with G9a/GLP in-
hibitor, also in G9a/GLPXC cells we could not detect any modulation of B-catenin protein levels (Fig-
ure 4.35D), but we confirmed, by immunofluorescence, that G9a plays a role in -catenin plasma
membrane localization, since in G9a/GLP knockout but not in WT PT-Res cells -catenin was prev-
alently localized at the membrane (Figure 4.35E).
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Figure 4.35. G9a/GLPX® partially confirmed G9a activity in the modulation of BTRC expression. A) Graph
showing the amount of immunoprecipitated H3K9me2 on BTRC promoter in G9a/GLPWX® OVSAHO cells, detected
by ChIP analysis. B) BTRC mRNA expression analysis in G9a/GLPWTKO OVSAHO cells untreated (UNT) or treated
with 25 pM of cisplatin (CDDP) for 16 hours. C-D) Western blot analyses of G9a, BTRC and B-catenin expression in
G9a/GLPWTKO OVSAHO cells untreated or treated with cisplatin (CDDP) for 24 hours. GAPDH was used as loading
control. E) Immunofluorescence analysis of B-catenin (red) in G9a/GLPYT0 OVSAHO cells.

4.13 G9a/GLP knockout confirmed the role of the HMTs complex in cell-cell
contact and stemness

Next, we tested G9a/GLPWTKO cells ability to grow and invade/metastasize in vitro when treated or
not with cisplatin. Firstly, we checked OVSAHO parental and G9a/GLPWTKO cells capability to es-

cape matrigel drops an assay used to measure the invasive potential of the cells. While PT-Res
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G9a/GLPYT cells were able to escape matrigel drop and spread on the tissue culture dish, the KO#3
clone was less able to escape the protein matrix, showing a behavior similar to the one observed in
parental cells, which were unable to escape the matrigel drops (Figure 4.36A). Subsequently, we
assessed if G9a/GLP loss induced an altered migration of PT-Res OVSAHO cells, compared to the
wild type. To this end, a scratch-wound was performed on G9a/GLPWTKO cells. By this approach, we
observed that the G9a/GLP deprivation slightly reduced the ability of PT-Res cells to migrate (Figure
4.36B).
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Figure 4.36. G9a/GLP knockout decreases migration ability of PT-Res cells. A) Representative images (left) of
the evasion assay using OVSAHO parental and PT-Res G9a/GLPWTKO cells at the beginning (T0) and at the end (T1)
of the experiment. Orange lines indicate the matrigel drop border. Graph on the right reports the distance covered by
evaded OVSAHO cells after 10 days. B) Representative images (left) scratch assay using OVSAHO G9a/GLP wild
type and knockout cells. Graph on the right reports the distance covered by migrated OVSAHO cells after 48 hours.

Finally, to better characterize the role of G9a in cell-cell contact, we investigated, by immunofluo-
rescence, the expression of some adherence and tight junction markers in OVAHO G9aK%#! clone,
compared with OVSAHO parental and PT-Res G9a'V™ cells. As marker for adherence junctions anal-
ysis we observed that the decreased and more spread localization of p120-catenin in PT-Res G9aV"
cells, respect to the parental cells (see Results 4.5), was reverted in G9aX® cells, where p120-catenin
was mainly localized on membrane (Figure 4.37A, upper panel). Similar behavior in y-catenin was
observed, exclusively on membrane in parental and G9aX® cells respect to the G9aWT ones, but less
expressed in the KO respect both to PT-sensitive and PT-Res cells (Figure 4.37A, middle panel).
70



Results

No significant differences were detected between parental and PT-Res G9a"/™/© in the localization
of E-cadherin, that however resulted more expressed in both PT-Res G9a WT and KO cells when
compared to their parental counterpart (Figure 4.37A, bottom panel). When markers of tight junc-
tions were analyzed, we confirmed the decrease in the expression of occludin in PT-Res G9a"'T re-
spect to the parental cells, and observed an increase of its membrane localization in G9aX© cells (Fig-
ure 4.37B, upper panels). No significant differences were observed between parental and PT-Res
G9aWTKO expression and localization of ZO-1 (Figure 4.37B, lower panels).

Overall, our data indicated that G9a regulates cell-cell contact organization of PT-Res EOC cells thus
questioning if G9a could affect cell permeability by interfere with the formation and the integrity of
EOC cells monolayer. With this aim, we performed a permeability assay on OVAHO parental and
PT-Res G9a"/™KO cells seeding the cells on transwell filters at confluency, and then by treating them
with cisplatin for 16 hours. Functionality of cell-cell junctions was assessed by adding FITC-Dextran
on the top of the monolayer and measuring the presence of the compound in the bottom wells, an
assay that as measures the FITC-Dextran leakage. As shown in Figure 4.37C, the loss of G9a in the
KO clone leaded to a decrease in cell permeability, in untreated condition, respect to G9a™'™ cells.
Moreover, cisplatin treatment induced a significant increase in KO cell permeability that, conversely,

was not further increased in PT-Res G9a"VT cells.
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Figure 4.37. G9a/GLP knockout increases PT-Res cell permeability. A-B) Immunofluorescence analysis of the
expression of adherence junction (A) and tight junction (B) markers in parental, PT-Res G9a"™ and G9ak® cells. C)
Graph reporting the analysis of the permeability of OVSAHO parental and PT-Res G9aV™XO cells’ monolayers, in
untreated condition (UNT) or following cisplatin treatment (CDDP). Statistical significance was determined by a two-
tailed unpaired Student’s t test (*P < 0.05)
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Discussion

To date, development of PT-resistance remains the main cause of EOC related death, together with
the late diagnosis and the high heterogeneity of the disease (Van Zyl et al., 2018). Acquired resistance
to chemotherapy has been recently linked to epigenetic alterations, observed early during cell trans-
formation, contribute to define cancer onset, progression and response to therapies, and known to
have a central role in the pathology of ovarian carcinomas (Flavahan et al., 2017; H. Zhang et al.,
2014).

Here, with the aim to identify possible mechanisms underlying PT-resistance and eventually new
strategies to overcome it, we carried out a screening of Epigenetic Modifiers (EMs) used as anticancer
drugs. With this approach we identified the inhibitors of G9a/GLP HMTs as the most active drugs in
killing isogenic PT-resistant (PT-Res) EOC cells. When given as single agents, G9a/GLP inhibitors
(G9a/GLPi) show high efficacy in reducing cell viability of all tested EOC parental and PT-Res cell
lines. Moreover, UNCO0631 (one of the most effective cell permeable G9a/GLPi used as single agent)
interferes with platinum activity, improving PT efficacy in parental cells and re-sensitizing to PT the
PT-Res ones. The re-sensitization of PT-Res cells to platinum treatment was then confirmed by
knocking out G9a and GLP in PT-Res cells, confirming that these HMTs likely mediate the activity
of UNCO0631. Future experiments will define if G9a/GLPi became ineffective in PT-Res KO cells, to
definitely prove that, at the doses used, these inhibitors act as expected by altering the activity of
G9a/GLP HMTs.

Interestingly, the increased PT-activity in the combined treatment was observed only if UNC0631
was administrated after PT, suggesting that it impairs the ability of EOC cells to repair PT-induced
DNA damage. This finding implies that G9a/GLP HMTs plausibly interferes with the DNA repair
mechanisms, a possibility supported by recent evidences demonstrating that G9a inhibition leads to
increased sensitivity to ionizing radiation of cancer cells, by disrupting DNA repair pathways and
that G9a could be recruited on damaged DNA (Ginjala et al., 2017). Accordingly, we observed an
increased expression of yH2AX in both parental and PT-Res EOC cells when treated with
CDDP+UNCO0631 combination compared with the single treatments. Genetic and pharmacological
inhibition of G9a/GLP also increased DNA platination in PT-Res cells, suggesting a possible role of
G9a/GLP activity not only in improving DNA-repair following PT-induced DNA damage, but also
in reducing the efficacy of PT in induce DNA damage. Further experiments are needed to precisely
define how G9a/GLP affect the ability of PT to bound the DNA and/or if the decreased platination is
the results of a faster PT adducts resolution.

Overall the functional results are in line with the possibility that PT induces G9a chromatin localiza-
tion with a consequent increase of H3K9 di-methylation (H3K9me2) and the suppression of tran-

scription in genes possibly involved in the regulation of PT-response, pointing to a dynamic
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epigenetic regulation of acquired PT-resistance in EOC cells. This possibility is in line with our ob-
servation that UNC0631, that is a substrate competitive inhibitor of G9a that specifically binds the
substrate site in the enzyme (Cao et al., 2019), hampered the bond of the HMT with DNA, resulting
in a decrease of both chromatin-G9a and H3K9me2 levels of PT-Res cells.

In search for possible molecular pathways modified by PT and G9a/GLPi we used genome wide Gene
Expression Profile (GEP) analyses recovered several interesting information. First both PT and
UNCO0631 profoundly affect the GEP of both parental and PT-Resistant cell. Yet, while PT treatment
had no effects on the expression of genes regulated by UNC0361 the G9a/GLPi reverted the expres-
sion of 10% and 19% of genes modified by PT in parental and PT-Res cells, respectively. These
evidences allowed us to identify a signature (i.e. genes modified by PT in a G9a/GLP-dependent
manner in PT-Res cells) that might play a role in the onset of acquired PT-resistance. Gene Set En-
richment Analysis (GSEA) interrogated with this signature evidences four pathways significantly
modified by PT in a G9a/GLP-dependent manner in PT-Res cells. Quite surprisingly among these we
did not identified pathways related to DNA damage but, principally, pathways that regulates cell-cell
contacts and EMT regulation. Among these we focused on the possible regulation of Canonical Wnt
pathway by a G9a/GLP, being Wnt pathway previously linked to PT-resistance in EOC (Arend et al.,
2013). Moreover, the enrichment of Wnt/B-catenin signaling pathway in PT-Res cells compared with
the parental once, with the addition of Tight Junction and Focal Adhesion pathways under cisplatin
treatment, represents a possible molecular explanation for the higher in vitro adhesive and invasive
capabilities of PT-Res cells (Sonego et al. and Figure 4.36) and is in accord with their greater ability
to form a higher number and bigger spheres respect to their parental counterpart, regardless of PT
treatment. The data collected on PT-Res G9a/GLPK® cells also support the role of G9a in cell-cell
contacts, since the KO differ from the wild type PT-Res cells in the localization of most of the ana-
lyzed markers of adherence (B-catenin, p120-cantenin and y-catenin), and tight junctions (occludin),
becoming similar to that observed in parental cells.

Despite our data demonstrate a role for G9a/GLP HMTs in the regulation of Canonical WNT pathway
in PT-Res EOC, the behavior of B-catenin in PT+UNCO0631-treated PT-Res wild type and PT-treated
G9a/GLPKO cells remain not entirely clear. The redistribution of B-catenin in the cytosol rather than
at the cell membrane in PT-Res untreated cells, with its entry in the nucleus after cisplatin treatment,
suggests the activation of the Wnt/p-catenin pathway, in accord with GSEA and its discussed involve-
ment in cancer progression in ovarian cancer (Arend et al., 2013). However, the increased expression
of B-TRCP1 and B-TRCP2, demonstrated by GEP and mRNA and protein expression analyses in
parental and PT-Res cells treated with UNC0631, was not associated with the expected decrease of

[-catenin protein expression. Among the possible explanations of these findings is the fact that B-
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catenin is sensitive to degradation only if located into the cytoplasm and the nucleus (Shi et al., 2015).
Thus, the re-localization of B-catenin on plasma membrane by G9a/GLP inhibition could prevent its
degradation by B-TRCP1/2 bond. It is already known that, on cell membrane, B-catenin contributes
to the maintenance of the adherence junctions, by interacting with E-cadherin (Arend et al., 2013;
Zhou & Hung, 2005), and that PT induce downregulation of E-cadherin via stabilization of Snail
(Sonegoetal., 2019; Yuetal., 2017). We can speculate that under cisplatin treatment Snail-associated
downregulation of E-cadherin leads to a greater availability of B-catenin, that can enter the nucleus
and activate gene target transcription. In this context, it would be interesting evaluating if and why
the principal target of B-TRCP1/2 in PT-Res cells is Snail, a proved target of B-TRCP1/2 (Yu et al.,
2017). This possibility will reconcile the observed increased expression of E-cadherin on the plasma
membrane, which in turn recruits p-catenin preventing its degradation, as observed with G9a/GLP
pharmacological inhibition.

We believe that BTRC and FBXW11 genes (encoding for B-TRCP1/2) are regulated by G9a/GLP
through H3K9me2 regulation, since we observed a direct binding of G9a on the BTRC promoter and
a correspondent H3K9me2 in ChIP experiments. Yet, some contrasting data has been obtained with
the analyses of H3K9me2 ChlIP in PT-treated cells. Here we expected an increase of H3K9me2 on
the BTRC promoter after PT treatment that however was not observed. A possible explanation of this
unexpected results come however from the preliminary analyses of ChIP Seq experiments we per-
formed in parental, PT-Res and PT-Res G9a/GLPX® cells treated or not with PT in which the chro-
matin was immunoprecipitated with an anti-H3K9me2 antibody. These preliminary analyses clearly
demonstrated that genes downregulated by PT are more methylated on H3K9 after PT treatment and
the degree of methylation increased in PT-Res cells. Moreover, we observed that the increased meth-
ylation was present not only in the promoter region but also, and especially after the TSS and the TES
of the genes, suggesting that H3K9mez2 after platinum regulates not only the promoters but also other

regulatory elements like enhancers and repressors regions (Figure 5.1).
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Figure 5.1. The higher H3K9 methylation of PT-downregulated genes is confirmed by ChlP-seq anal-
ysis. A-B) ChlP-seq reads as normalized read counts per million of H3K9me2 signal in regions 3000 bp
upstream the TSS and 3000 bp downstream the TES of genes downregulated by PT (A) in untreated (red)
vs PT-treated (blu) parental OVSAHO cells, and (B) in PT-treated parental (green) vs PT-Res (pink)
OVSAHO cells. (TSS = Transcription start sites, TES = transcription End sites).

We were also surprised in verifying that in PT-Res G9a/GLPK cells PT did not regulate BTRC and
FBXW11 genes expression as expected. We believe that in solving these doubts the ongoing analyses
of ChIP Seq experiments on these cells will help in clarifying the key role of G9a/GLP in the regula-
tion of Wnt pathway. Then we have already planned to treat PT-Res G9a/GLPXO cells with UNC0631
to verify if possible off target effects of this inhibitor are related to the regulation of Wnt pathway.

Despite the above mentioned possible limitations, here starting from an unbiased pharmacological
screening to identify possible vulnerabilities in the epigenome of PT-Res EOC cells we identified a
previously undisclosed role of G9a/GLP HMTs in the regulation of WNT/B-catenin pathway in PT-
Res EOC cells. The fact that the G9a/GLP complex is a druggable HMTs and that the G9a/GLPi have
good in vivo properties and low toxicity open new possible therapeutic options for PT-Res EOC pa-
tients. Of course, several aspects of this work should be further developed and, toward a possible
clinical development of our results, it would be important to define the in vivo tolerability of the
PT+G9a/GLPi combination and its activity in the control of tumor growth and spreading. Appropriate

xenograft and syngeneic models are necessary to explore this possibility.
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