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ABSTRACT

Breast cancer accounts as the most prevalent cancer and the leading cause of cancer death worldwide
among women. Estrogen is one main factor responsible for tumour growth in breast cancer patients
through stimulation of estrogen receptor (ER) signalling. ER positive (ER+) breast cancer patients are
eligible for anti-estrogenic drugs. Fulvestrant (Faslodex®) represents a second-line therapy for the
treatment of postmenopausal women with ER+ advanced breast cancer. Unfortunately, a significant
number of ER+ patients will develop resistance to second-line fulvestrant treatment. It is therefore
important to understand the molecular mechanisms of resistance and to identify biomarkers capable of

predicting response to this treatment.

The aim of this project is to establish a genome-wide shRNA functional screening to identify key proteins
central in resistance mechanisms and potentially predictive biomarkers capable of identifying ER+
patients that are responsive or resistant to fulvestrant treatment. To do so, a MCF-7-based fulvestrant
resistant breast cancer cell line was used. MCF-7/LCC1 and MCF-7/LCC9 were transduced with shRNA
libraries covering over 15,000 mRNAs and treated with fulvestrant. This led to depletion and/or
enrichment of sShRNAs targeting genes evaluated by next generation sequencing (NGS). Deconvolution
of NGS data from genomic DNA of LCC1 and LCC9 cells transduced by shRNA libraries led to
identification of 206 genes that may have functional significance in fulvestrant resistance. Ingenuity
Pathway Analysis of the candidate genes identified HSD17B10 and HSPE1l as key-molecules in
networks related to cell proliferation and death. We have found that these genes are upregulated in
different fulvestrant-resistant cell lines when compared to their fulvestrant-sensitive parental cell line at
gene and protein expression levels using RT-gPCR and Western blotting. This expression is enhanced
in fulvestrant presence, suggesting that these proteins may have critical importance in the resistance

phenotype. Further studies on these proteins may elucidate on how to overcome fulvestrant resistance.

Keywords: ER+ breast cancer, Fulvestrant resistance, Genome-wide shRNA screening, HSD17B10,
HSPE1






RESUMO

O cancro de mama apresenta a maior prevaléncia e conta como a maior causa de morte por cancro
em mulheres a nivel mundial. O estrogénio é um dos principais factores responsavel pelo crescimento
de tumores em pacientes de cancro de mama através da estimulacdo da sinalizacdo do receptor de
estrogénio (RE). Pacientes de cancro de mama RE positivos (RE+) sé@o elegiveis para farmacos anti-
estrogénicos. Fulvestrant (Faslodex®) representa uma segunda linha terapéutica para o tratamento de
mulheres em pés-menopausa com cancro de mama RE+ avancado. Infelizmente, um ndmero
significativo destes pacientes ira desenvolver resisténcia a fulvestrant. Assim, é importante entender os
mecanismos moleculares de resisténcia e identificar biomarcadores capazes de prever resposta a estes

tratamentos.

O objectivo deste projecto é estabelecer um genome-wide shRNA screening e identificar proteinas-
chave associadas a mecanismos de resisténcia assim como biomarcadores potencialmente preditivos
e capazes de identificar pacientes RE+ que respondam ou demonstrem resisténcia ao tratamento com
fulvestrant. Para tal, linhas celulares de cancro de mama resistentes a fulvestrant originalmente de
MCF-7 foram utilizadas. MCF-7/LCC1 e MCF-7/LCC9 foram transduzidas por bibliotecas de shRNAs
capazes de alvejar mais de 15000 mRNAs e tratadas com fulvestrant. Isto levou a um fendbmeno de
deleccdo ou enriquecimento de genes alvejados por shRNAs, sendo avaliado através de next-
generation sequencing (NGS). A desconvolugédo dos dados de NGS a partir de DNA gendmico de
células LCC1 e LCCS9 transduzidas pelas bibliotecas de shRNA levaram a identificagcdo de 206 genes
que poderao ter relevancia funcional na resisténcia a fulvestrant. Ingenuity Pathway Analysis dos genes
candidatos identificou HSD17B10 e HSPE1 como moléculas-chave em redes/vias relacionadas com
proliferacéo e morte celular. Estes genes demonstraram regulacdo e expresséo elevada em diferentes
linhas celulares resistentes a fulvestrant por comparagdo com as sensiveis em termos dos niveis de
expressdo génica e proteica avaliada por RT-gPCR e Western Blotting, respectivamente. Esta
expressdo aumenta na presenca de fulvestrant, sugerindo que estas proteinas poderdo ter uma
importancia critica no fenétipo de resisténcia. Mais estudos nestas proteinas poderdo elucidar sobre

como ultrapassar a resisténcia a fulvestrant.

Palavras-chave: Cancro de mama RE+, Resisténcia a Fulvestrant, genome-wide shRNA screening,
HSD17B10, HSPE1
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INTRODUCTION

Breast cancer — prevalence and characterization

Breast cancer is the most common and frequently diagnosed cancer in women worldwide (Release,
2013; Jemal et al, 2011; Esebua, 2013). According to GLOBOCAN 2012, 1.7 million breast cancers
were diagnosed in total (around 12% of total cancers), being only surpassed by lung cancer and since
2008 estimates, breast cancer incidence has increased by more than 20%, while mortality has increased
by 14% being the most common cause of cancer death among women in 140 countries worldwide
(Release, 2013; Ferlay et al, 2010; Jemal et al, 2008; Jemal et al, 2011). In western Europe, incidence
rates are high so that it has been estimated that 90 in 100 000 women have been diagnosed with breast
cancer (Release, 2013; Jemal et al, 2011). In Portugal, breast cancer ranks first among cancer affecting
women and Denmark is the 2" country with higher incidence of breast cancer in the world (André et al,
2014; Release, 2013). Five major biologically distinct intrinsic subtypes of breast cancer tumors aroused
after high-throughput screening technologies like microarray analysis: luminal A, luminal B, human
epidermal growth factor (HER2)-overexpressing, normal-like and basal-like (Han et al, 2013). Luminal
A and luminal B subtypes are characterized by typically expressing estrogen receptor (ER), although at
a different level and by having the best outcome disease in patients (Kok et al, 2009; Han et al, 2013;
Osborne & Schiff, 2011). They are often called ER positive tumors (ER+) and can be treated through
the use of endocrine therapy (Han et al, 2013; Herynk et al, 2009; Osborne & Schiff, 2011). It has been
long established that estrogen is a tumor promoter for the mammary gland, being involved in the
pathogenesis of breast cancer through the sustained growth and proliferation of breast cancer cells
expressing ER (Dixon, 2014; Zilli et al, 2009; Ali & Coombes, 2002; Ambrosino et al, 2013).

Estrogen production and ER

In hormone-dependent cancers, estrogen taken up from the blood plasma or from local production sites
diffuses into the cancer cell and binds to the estrogen receptor (ER) that is generally associated to heat
shock proteins (HSPs). This binding promotes HSPs dissociation from the ER and consequently
dimerization of ERs. After this dimerization, these bound-molecules can bind to conserved estrogen
response element (ERE) sequences within the promotor regions of genes in cell nucleus (Dixon, 2014;
Ambrosino et al, 2013). ER activates gene expression by stimulating recruitment of the general
transcription machinery to the transcription start site through the action of its activation domains (Fig.1.1)
(Ali & Coombes, 2002; Osborne & Schiff, 2011).
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Figure 1.1. Estrogen production and action targeted by endocrine therapies. Als inhibit
aromatase enzyme and consequently estrogen production. Tamoxifen and fulvestrant
bind to AF-1 and AF-2 domains of ER preventing the process of dimerization and
subsequent ER transcriptional activity in cell nucleus. ER — Estrogen Receptor, ERE —
Estrogen Response Element, Al - Aromatase inhibitor, T - Tamoxifen, F — Fulvestrant.
(Adapted from Dixon, 2014)

ER is a nuclear receptor encoded by the ESR1 gene. It comprises two distinct transactivation domains:
Activation function 1 and 2 (AF-1 and AF-2) as represented in Fig.1.2. AF-1 is regulated by growth
factors and act through Mitogen-a

ctivated pathway kinase (MAPK) whereas AF-2 is incorporated in the ligand binding region of ER and is
logically activated by estrogen molecules (Dixon, 2014, Zilli et al, 2009; Musgrove et al, 2009; Howell,
2006; Herynk et al, 2009; Becerra et al, 2013). At the present, ERa seems to be more associated with
breast cancer initiation and progression, being intensively investigated throughout the latter years in
regarding to this matter. ER is related to cell proliferation and survival through two different mechanisms:
the genomic and non-genomic signaling pathway (Schiff & Osborne, 2005; Osborne & Schiff, 2011;
Becerra et al, 2013). The AF-1 domain is very active in ERa in different cell lines, but its activity is
negligible in ERB under the same conditions, also showing a different response to agonist/antagonist
ligands as synthetic antiestrogens like tamoxifen, ICl 164,384, faslodex and raloxifene (Klinge, 2001;
Nilsson et al, 2001; Zilli et al, 2009; Howell, 2006).
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Figure 1.2. Schematic representation of functional domains of human ERa and ERp.
Both have 6 domains (A-F), from N to C-terminus encoded by 8-9 exons. The three
major functional domains of the ER are: the N-terminus (A and B domains), that
integrates AF-1, which is responsible for the constitutive and ligand-independent
transcriptional activity of ER; the DNA-binding domain (DBD) consisting of C domain,
responsible for specific binding to the DNA helix and ER dimerization and finally, the
ligand binding domain (LBD) — E domain — containing AF-2, which when active leads
not only to conformational changes in the rate of transcription of estrogen-regulated
genes but also to the ligand-dependent activation of ER. The F domain exerts a
complex modulatory role on both AF-1 and AF-2 activities and seems to distinguish
estrogen agonists from antagonists as well as shows up to be involved in ER
dimerization, nuclear translocation and ligand-dependent activation of gene
expression (Klinge, 2001)(Nilsson et al, 2001)(Zilli et al, 2009; Adapted from Becerra
etal, 2013)

Endocrine therapy

It is known and statistically reported that over 80% breast cancer patients are classified as ER+ breast
cancers and are eligible to receive endocrine therapy (Osborne & Schiff, 2011; Zilli et al, 2009; Dixon,
2014; Musgrove et al, 2009).

Selective Estrogen Receptor Modulators (SERMSs) like tamoxifen showed up to reduce the rate of
disease recurrence for half when used as an adjuvant therapy in combination with surgical removal of
tumor or chemotherapy and radiotherapy in early breast cancer stage (Musgrove et al, 2009; Dixon,
2014; Johnston, 2010; Howell, 2006). Tamoxifen is responsible for the reduction of annual breast cancer
death to 25-30% after five years treatment (Musgrove et al, 2009; Zilli et al, 2009; Ali & Coombes, 2002;
Breast, Trialists, & Group, 2005). Finally and not less important, tamoxifen treatment induces objective
response or disease stabilization in about 50% of untreated metastatic breast cancer patients with ER-
positive tumors (Zilli et al, 2009; Osborne & Schiff, 2011). Tamoxifen works by intranuclear competitive
binding to ER, preventing the binding of coactivators to the AF-2 domain of the ER dimer (Dixon, 2014;
Zilli et al, 2009; Nilsson et al, 2001; Herynk et al, 2009). Selective Estrogen Receptor Downregulators
(SERDs) like fulvestrant (Faslodex®/ICI 182,780) have 100 times higher binding affinity than tamoxifen
due to a complete antagonist activity, inactivating both AF-1 and AF-2, inhibiting subsequently ER-
mediated gene transcription completely, which makes ER completely unavailable or unresponsive to
estrogen or its agonists (Johnston, 2010; Ciruelos et al, 2014; Howell & Bergh, 2010; Howell, 2006).
Fulvestrant demonstrated clinical efficacy among patients who relapsed for a second time after

responding to tamoxifen and aromatase inhbitors (Als) (Howell, 2006; Howell et al, 2004; Robertson et



al, 2003; Ciruelos et al, 2014). In fact, fulvestrant is indicated for the treatment of postmenopausal
women with ER+ with locally advanced or metastatic breast cancer and for disease relapse on or after
adjuvant antiestrogen therapy (Ciruelos et al, 2014; Howell, 2006; Howell & Bergh, 2010).

Resistance to endocrine therapy

Endocrine therapy represents a mainstay in the treatment of ER-positive breast cancer and despite its
major good effects, resistance to the treatment will eventually occur in a large number of patients. This
type of resistance can be a primary lack of response — de novo/intrinsic resistance — occurring early in

the treatment or later following a period of response, defined as acquired resistance (Dixon, 2014).

Itis known that about 50% of patients with advanced disease aren’t able to respond to first line treatment
with tamoxifen (de novo resistance) (Becerra et al, 2013). Studies have also shown that recurrence
occurs in approximately 10-15% of patients with early-stage ER-positive breast cancer within 5 years of
adjuvant therapy and recurrence rates will reach 30% by 15 years (Dixon, 2014; Breast, Trialists, &

Group, 2005). Others stated that between 40-50% of ER-positive breast cancer patients receiving

adjuvant endocrine therapy will probably relapse (Dixon, 2014; Johnston, 2010). In advanced disease,

patients tend to acquire resistance within 2-3 years of commencing endocrine therapy (Dixon, 2014).

Molecular mechanisms of resistance to endocrine therapy

Lack of expression is the main responsible for de novo resistance and may also account for progressive
disease (Zilli et al, 2009; Musgrove et al, 2009; Johnston, 2010). In terms of acquired resistance to
tamoxifen about only 17-28% of tumours don’t express ER and 20% will probably respond to second-
line treatment with Als or fulvestrant (Zilli et al, 2009; Becerra et al, 2013; Musgrove et al, 2009). The
loss of expression of ER constitutes, however, the main mechanism through which acquired resistance

is developed against fulvestrant in ER+ breast cancer patients (Zilli et al, 2009).

Post-translational modifications like phosphorylations have been reported to take place in ER and shown
to confer resistance to endocrine therapy (Musgrove et al, 2009; Dixon et al, 2014; Herynk et al, 2009;
Becerra et al,2013; Possemato et al, 2011; Ali & Coombes, 2002). Stimulation of epidermal growth factor
receptor (EGFR), HER2 and insulin-like growth factor 1 (IGF1) expression leads to MAPK/Extracellular
signal-regulated kinases (ERK), Phosphoinositide-3-kinase/Protein kinase B (PI3K/AKT) and
mammalian target of rapamycin (mTOR) activation resulting in antiestrogen resistance to tamoxifen and
fulvestrant (Zilli et al, 2009; Johnston, 2010; Bianco et al, 2012; Tokunaga et al, 2006; Osborne & Schiff,
2011; Massarweh et al, 2006).

The existence of truncated isoforms of ERa like ERa36 and estrogen-related receptor gamma (ERRY)

associates with less responsiveness to tamoxifen (Dixon, 2014; Musgrove et al, 2009; Bianco et al,



2012; Ambrosino et al, 2013; Osborne & Schiff, 2011). Activation of transcriptional activity of activator
protein 1 (AP1) protein, the specific protein 1 (SP1) protein and the nuclear factor- kB (NF-kB) also leads

to endocrine resistance (Musgrove et al, 2009; Bianco et al, 2012).

In cell culture, anti-estrogens play a role as cytostatic and cytotoxic causing G1 phase-specific cell cycle
arrest, leading consequently to a decrease in the growth rate (Musgrove et al, 2009). Activation of
survival signaling through the PI3K-AKT pathway and increased non-genomic signaling from
cytoplasmic ER may increase the expression of anti-apoptotic molecules as B-cell lymphoma 2 (BCL-
2) and decrease expression of pro-apoptotic molecules such as Bcl-2 homologous antagonist/killer
(BAK), Bcl-2 interacting killer (BIK) and caspase 9 (Musgrove et al, 2009; Bianco et al, 2012; Tokunaga
et al, 2006; Ali & Coombes, 2002; Osborne & Schiff, 2011).

Fulvestrant is able to inhibit proliferation of long-term estrogen deprivation (LTED) cell line models
proliferation by comparison to MCF-7 cell lines models (Zilli et al, 2009). It was shown that fulvestrant
may sensitize cells to therapeutically effects of PI3K inhibitors when resistance to estrogen deprivation

is associated with ligand-independent ER activity (Becerra et al, 2013; Van Tine et al, 2011).

Loss of expression of ER and increased GFR signaling constitute the main mechanisms of resistance
to fulvestrant treatment, but disruption of Neural precursor cell expressed, developmentally down-
regulated 8 (NEDDS8) pathway, which is responsible for ER ubiquitination may avoid ER degradation
making it sensitive to Als sequential treatment (Zilli et al, 2009; Fan et al, 2003). HER3 and ERK were
also found to be essential for growth of human breast cancer cell lines with acquired resistance to
fulvestrant (Frogne et al, 2009). Finally, overexpression of miR-221/222 in estrogen positive cell lines
was shown to counteract the effect of estradiol depletion of fulvestrant-induced cell death (Ciruelos et
al, 2014).

Overcoming endocrine resistance — combined therapy

Figure 1.3 shows the clinical treatment strategy adopted for post-menopausal women with ER+/HER2-
breast cancer.

The Comparison of Faslodex in Recurrent or Metastatic Breast Cancer (CONFIRM) trial was able to
corroborate the high-dose regimen importance for significant increases in progression-free survival
(PFS) and absence of toxicity when administrating fulvestrant after relapse on endocrine therapy with
tamoxifen and Als (Ciruelos et al, 2014; Dixon, 2014; Di Leo et al, 2010). A clinical benefit rate around
30% has been reported when using fulvestrant after Al and tamoxifen resistance in preclinical and

clinical studies in breast cancer patients (Zilli et al, 2009; Howell, 2006).

An in vitro study using tamoxifen or fulvestrant along with geftinib, an EFGR inhibitor, promotes
antiproliferative and pro-apoptotic effect when compared with the use of the drug alone (Zilli et al, 2009;
Gee et al, 2003).



Downstream signaling pathways inhibition through the use of PI3K-mTOR antagonists like everolimus
in combination with endocrine therapy have been demonstrated to inhibit cell growth and to enhance
cell death (Johnston, 2010; Zilli et al, 2009; Dixon, 2014). PI3K pathway inhibitors increases pro-
apoptotic effects of tamoxifen and fulvestrant in cell lines expressing high levels of AKT and ER/PISKCA
mutant models (Becerra et al, 2013; Ma, 2015; Bosch et al, 2015). Everolimus suggests benefit in
metastatic ER+ patients after tamoxifen resistance when combined with fulvestrant (Dixon, 2014;
Massarweh et al, 2014; Ciruelos et al, 2014; Ma, 2015; Hortobagyi et al, 2015). Blockade of AKT
signaling pathway through the use of an AKT antagonist (AZD5363) in together with fulvestrant,

influenced estrogen receptor function in vivo (Ribas et al, 2015; Fox et al, 2013).

b4 +/- RT +/-CT
g Adjuvant treatment
© Hormone therapy
©
>
S MG yean) TAM (5 years)
L Switch TAM (2-3 years) Al (2-3 years) Y
De novo patient Short DFI Long DFI Short DFI Long DFI
@
é Al FuL EE 1;: Al FuL Al Al
@ L
4 -
©
Q
2
© F T 7 T F F T
2 g ullE|la AN F e B ol e e = u Ul RS A
o E M M “ M
=
©
]
<<
é Any not used
b -4
&

Figure 1.3. Treatment algorithm for post-menopausal patients with
hormone receptor positive (ER+) and HER2 negative (HER2-) breast
cancer. Different stages of drug administration are depicted (1%, 2" and 3
line). CT - Chemotherapy, DFI - Disease-free survival, EE - Exemestane
plus everolimus, FUL - Fulvestrant, RT - Radiotherapy, TAM —Tamoxifen.
Short DFI — relapse occurs during adjuvant treatment or within first 12
months after its administration, Long DFI — relapse occurs after 12 months
from the end of adjuvant hormonal therapy. (Adapted from Ciruelos et al,
2014)

It is very important to differentiate early on treatment patients who may be able to gain or lose benefit
from endocrine therapy in order to spare them from prolonged periods of ineffective and redundant
therapy and susceptibility to high risk side-effects (Dixon, 2014). Therefore, establishing molecular
response markers in breast cancer may help in identifying patients that are more susceptible to
treatment using endocrine therapy and subsequently understand which common or alternative pathways
are involved in the acquisition of resistance to it. This status establishment may give an appropriate
selection of specific targeting therapy panel by the time of relapse in order to overcome resistance
(Johnston, 2010; Zilli et al, 2009; Kok et al, 2009).

Throughout the latter years, different types of genetic screens allowed identification of candidate genes
related to resistance to endocrine therapy (Musgrove et al, 2009; Mendes-Pereira, A et al, 2012). As a
matter of example, PI3BK-AKT pathway shows up as one of the main targets in endocrine resistant breast

cancer due to what was retrieved from bioinformatics studies, RNA interference (RNAI) screening and
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integrative analysis of genomic and proteomic approaches (Musgrove et al, 2009; Stemke-Hale et al,
2009; Van Tine et al, 2011; Ma, 2015).

RNAI screening: Main features and background.

RNAi is an endogenous cellular process by which messenger RNAs (mRNAs) are targeted for
degradation by double-stranded RNAs (dsRNAs) of complementary sequence, first identified in
C.elegans and conserved among almost all the eukaryotic species. The general process involves
targeted transcript cleavage and degradation after a sequence-specific small interfering RNA (SiRNA)
binding to the mRNA transcript, leading to gene silencing (Boutros et al, 2008; Mohr et al, 2014; Kassner,
2008; Falschlehner et al, 2010; Cheng & Qin, 2009; Mohr & Perrimon, 2012). With this approach, the
combination of genetic screens with phenotypic assays made possible to identify new genes or gene
networks that are involved in a wide variety of biological processes like signal transduction, cell viability
and drug resistance (Mohr et al, 2014; Mohr & Perrimon, 2012; Boutros et al, 2008).

Once entering the cells after transfection or after injection in animals, one of the strands of the RNA
duplex is incorporated into the multi-subunit ribonucleoprotein complex RNA-induced silencing complex
(RISC), directing it into the target mMRNA, which after base pair (bp) complementarity (complete or not)
can be cleaved or degraded. This process occurs after the action of the enzyme Dicer, that is responsible
for generate the breakdown of the duplex and subsequent selection of the strand to be incorporated into
the RISC through an energetic stability criteria - Fig.1.4 (Perrimon et al, 2010; Mohr et al, 2010;
Falschlehner et al, 2010; Cheng & Qin, 2009; Morris & Rossi, 2006; Ameres et al, 2007; Paddison et al,
2004). In the case of a perfect complementarity, the mRNA target is cleaved and degraded rapidly,
whereas imperfect complementarity results in translational repression and mRNA destabilization
(Falschlehner et al, 2010; Morris & Rossi, 2006; Ameres et al, 2007).
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Figure 1.4. RNAI tools and enzymatic processes
involved in mRNA targeting and degradation.
Silencing RNAs (siRNAs), small hairpin RNAs
(shRNAs), long dsRNAs, and small-hairpin
microRNAs (shmiRNAs) are represented (Adapted
from Perrimon et al, 2010)

siRNAs are small RNA duplexes constituted by 19 complementary bps and 2-nucleotide 3’ overhangs
and have a transient effect with special focus in actively dividing cells (Myagishi & Taira, 2002).
Conversely, shRNAs and shmiRNAs are a 50-70 bps single-stranded RNA transcripts that acquire a
stem loop structure after a folding process, allowing for controlled expression of small transcripts
capable of target the selected mRNA (Perrimon et al, 2010; Dyxhoorn et al, 2003). siRNAs can be
designed and show an effectiveness of >70% knockdown for about of 80% of the number of the designs
made (Kassner, 2008). However, the duration of the knockdown is limited to 5-7 days in most cell lines
and its peak is only between 2-5 days, representing a transient knockdown (Kassner, 2008; Dyxhoorn
et al, 2003). Therefore, vector-based RNAi methods are the method of excellence when long-term
knockdown of a gene product is required and/or hard to transfect cell lines are desired to be used for a
particular screening (Kassner, 2008; Cheng & Qin, 2009; Moffat & Sabatini, 2006). When using vector-
based RNAI, the most common types of RNAI in use are shRNAs which are incorporated as shRNA
libraries in order to perform genome-wide screenings. Lentiviral vectors are probably the best choice for
delivery and stably expression of shRNAs in target cells because they tend to integrate into the host
genome (Hu & Luo, 2012; Morris & Rossi, 2006). Lentivirus are usually produced through co-transfection
of packaging constructs and required accessory proteins encoding genes for lentiviral successful
integration into host cells, resulting in a packaged vector that can be harvested and used for subsequent
transfection into a wide range of target cells, including mammalian cells, being incorporated in primary
screens (Morris & Rossi, 2006; Moffat et al, 2006; Moffat & Sabatini, 2006; Guo et al, 2007).

RNAi libraries allowed an high-throughput screening (HTS) in gene silencing of important genes involved
in tumorigenesis and cancer features in cells and organisms (Mohr et al, 2014; Bernards et al, 2006;
Cheng & Qin, 2009; Falschlehner et al, 2010; Mohr et al, 2010). HTS facilitates large genome-scale

study of gene function in a wide variety of cell lines, tissues and organisms, including mammalian cells



and the assay can be modified in order to address different question like combining RNAi and drug
treatment (Falschlehner et al, 2010; Mohr et al, 2010).

Pooled format: an approach using shRNA libraries in HTS

The purpose is to try that one single-cell contains one gene-specific RNAI reagent (Mohr et al, 2010;
Boettcher et al, 2010; Mohr & Perrimon, 2012; Kassner, 2008). For that reason, the aim is to target one
specific gene for knockdown in each clone, introducing a RNAiI library into cells randomly by DNA
transfection or through viral transduction and subject them to a certain type of selective pressure (Mohr
et al, 2010; Kassner, 2008; Mohr & Perrimon, 2012; Boettcher & Hoheisel, 2010). After this introduction
through viral infection/transduction, a selection process can be performed in order to eliminate the
untransduced cells by using antibiotics (Kassner, 2008; Mohr et al, 2010; Bernards et al, 2006; Sims et
al, 2011). In order to predict the number of cells that are or are not carrying the shRNA library,
fluorescence-activated cell sorting (FACS), can be used to search for the population of cells that are
found to be transduced (Mohr et al, 2010; Sims et al, 2011; Kassner, 2008). The screening process is
accomplished through the transduction of the population of cells and respective treatment with a specific
drug — the study selective condition. In parallel, transduced untreated cells are grown for the same
period of time in order for comparison by the end of the screening process (Mohr et al, 2010; Bernards
et al, 2006; Sims et al, 2011). By the end of the screening process, cells are harvested from both
populations and genomic DNA containing integrated hairpins of shRNAs vectors is extracted. The
shRNA cassette contains the shRNA sequence with a unique randomized DNA sequence called the
barcode, representing a molecular tag which can afterwards be amplified and recovered through PCR
and analyzed through microarray hybridization or using Sanger sequencing and next-generation
sequencing (NGS) (Figure 1.5) (Brummelkamp et al, 2003; Sims et al, 2011; Moffat & Sabatini, 2006;
Bernards et al, 2006; Mohr et al, 2010; Hu & Luo, 2012; Cheng & Qin, 2009; Boettcher & Hoheisel,
2010; Boettcher et al, 2010; Kassner, 2008; Ward et al, 2013; Bassik et al, 2009). These barcodes are
encoded in the downstream region of the shRNA template sequences and present a specific sequence
already validated properly for each individual sShRNA construct (Boettcher et al, 2010; Boettcher &
Hoheisel, 2010). The relative quantity of each shRNA construct in both populations of cells of the
different arms of the experiment can be compared in order to identify the genes that may be involved in
a response to the selective condition applied during the screening study (Sims et al, 2011; Cheng & Qin,
2009; Boettcher et al, 2010; Brummelkamp et al, 2003; Kassner, 2008; Cheng et al, 2009; Hu & Luo,
2012; Luo et al, 2008).
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Figure 1.5. Workflow of a negative selection shRNA screening using NGS.
Control/Untreated and Experimental/Treated cell pools are transduced with
viral particles carrying shRNAs. After the end of the screening, genomic DNA
is isolated from treated and untreated cells and subsequent barcode
amplification is performed. NGS is achieved in barcodes from both untreated
and treated cells in the beginning and in the end of the screening (Adapted
from Ward et al, 2013)

Negative selection HTS for cancer-related genes

Negative selection or drop-out screen assays are the most commonly and straightforward used
screening types, especially due to the fact of identifying the genetic vulnerabilities of cancer cells as well
as in identifying gene targets, which after being silenced will inhibit cancer growth, survival or other
malignant phenotypes and restore drug sensitivity, Fig.1.5 (Hu & Luo, 2012; Ward et al, 2013; Albukhari
et al, 2015; Ketela et al, 2011; Bernards et al, 2006; Brummelkamp et al, 2006). It is possible and has
been already done by several groups, the conduction of a pooled shRNA screening with cancer and
normal cell lines capable of identifying the genes essential in those different contexts (Luo et al, 2008;
Schlabach et al, 2008; Silva et al, 2008; Berns et al, 2004). In order to identify the loss of ShRNA vectors
from a population, it needs to cause a phenotype capable of scoring for the relative depletion of cells
carrying the shRNA vector from the population (Bernards et al, 2006; Ngo et al, 2006; Kampmann et al,
2014). Cells that are rendered sensitive to drugs upon gene silencing will die, enter growth arrest or
decrease proliferation, resulting in a diminished representation of ShRNAs in the treated cells compared
to the control population. Therefore, genes under these conditions are suitable and likely candidates to
drug development targets (Ward et al, 2013; Albukhari et al, 2015).
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Present study

In this work, it was aimed at mimetizing a gene silencing of endocrine resistance associated genes
capable of being subjected to regulation when fulvestrant treatment is applied to ER+ breast cancer
cells. By identifying genes important in the process of antiestrogen resistance it would be possible to
evaluate the expression of these same promising genes in clinical samples from ER+ patients who were
given antiestrogen treatments and assess whether the expression of the gene/protein is correlated with

clinical outcome of fulvestrant treatment.

Therefore we packaged shRNA libraries in lentivirus capable of transducing ER+ breast cancer cell lines
and subjected them to an RNAI screening using fulvestrant. Barcodes retrieved from extracted DNA of
the cells in the beginning and in the end of the screening were sequenced and the level of enrichment
or depletion of shRNAs in the different cells in both time points was evaluated. By identifying relevant
shRNAs it was possible to assign a number of important candidate genes that could be required for the
cells in the process of fulvestrant resistance/responsiveness. We were able to identify a limited number
of genes thought to be relevant in the process of fulvestrant resistance. For further evaluation were

selected:

- HSD17B10 gene which codes for a protein involved in the sex steroid metabolism and belongs to
the short-chain dehydrogenase/reductase superfamily 173-hydroxysteroid dehydrogenase where
some of the members have been associated and implied as prognostic biomarkers in breast cancer
showing high expression levels in ER+ breast cancer cell lines (Yang et al, 2005; Day et al, 2008;
Jansson et al, 2006).

- HSPE1/HSP10 gene codes for a heat shock protein which functions as a chaperonin and has been

suggested to be involved in immunomodulation and tumor progression (Rappa et al, 2014).
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MATERIALS AND METHODS

Cell lines used in the study:

- 293T - Human Embryonic Kidney (HEK) cells

- MCF-7/S0.5 - ER+ subline of MCF-7

- MCF-7/LCC: MCF-7/LCC1 (LCC1) and MCF-7/LCC9 (LCC9) - ER+ cell lines derived from MCF-7/S0,5
- Fulvestrant resistant (FR) cell lines: MCF-7/164R-1 (FR1), MCF-7/182R-6 (FR2), MCF7/164R-4 (FR3)
and MCF-7/182R-1 (FR4) — ER+ cell lines derived from MCF-7/S0,5 cell lines

- T47-D: AL2770 (S5), AL3354 (R1) and AL3369 (R2)

-ZR75:1and 1R

293T growth medium
Dubelcco’s Modified Eagle Medium (DMEM; Sigma-Aldrich) supplemented with 10% Fetal Bovine
Serum (FBS; Sigma-Aldrich) and 1% Penicilin/Streptomycin (Pen/Strep; Sigma-Aldrich) - optional.

LCC1 and LCC9 cell lines growth medium

Phenol red-free Dubelcco’s Modified Eagle Medium and HAM’s F-12 nutrient mixture (DMEM-F12,
(Gibco, Invitrogen™) supplemented with 5% stripped charcoal FBS (DCC; Gibco, Invitrogen™) and 1%
Pen/Strep (Sigma-Aldrich) — optional.

Cell lines culturing

293T cell line

Human Embryonic Kidney (HEK) or 293T cells from American Type Culture Collection (ATCC) were
thawed from the cryopreservation vial in 293T growth medium and grown at 37°C and 5% CO: until they
became 80-90% confluent. After they reach this confluence media was removed, cells were washed
with Dubelcco’s Phosphate Buffer Saline (PBS; Sigma-Aldrich) 1X and detached using trypsin (Sigma-
Aldrich) 1X being incubated for 5-10 minutes at 37° C in humidified air with 5% CO.. Media was changed

every second day.

MCE-7/0,5 and fulvestrant resistant (FRs) cell lines

MCF-7 was originally obtained from the Human Cell Culture Bank, Mason Research Institute (Rockuville,
MD, USA) and adapted to grow in DMEM-F12 (1:1) supplemented with 1% Fetal Calf Serum (FCS;
Gibco BRL), Glutamax 2,5 mM and 6 ng/mL insulin (Novo Nordisk) as reported by Briand & Lykkesfeldt
1984 and Lykkesfeldt et al, 1994. MCF-7/S0,5, a subline of the original MCF-7 cell line has been adapted
to grow at low serum concentration as described by Briand & Lykkesfeldt, 1984. The antiestrogen-
resistant cell lines MCF-7/164R-1, MCF-7/182R-6, MCF7/164R-4 and MCF-7/182R-1 have been
established according to Lykkesfeldt et al, 1995 from MCF-7/S0,5 cell line by long-term selection with
107 M ICI 164,384 and ICI 182,780 (fulvestrant; AstraZeneca®). MCF-7/S0,5 cells were routinely
propagated in DMEM-F12 (Gibco, Invitrogen™) supplemented with 2 mM Glutamax (Gibco,
Invitrogen™), 1% heat inactivated FBS (Sigma-Aldrich) and 6 ng/mL insulin (Sigma-Aldrich).
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Fulvestrant-resistant cell lines were maintained in the same growth medium as MCF-7/S0,5
supplemented with 107 M fulvestrant (Tocris, BioScience). Growth medium was changed every second
or third day. In order to sub-culture so that they reach 80-90% confluence, media was removed, cells
were washed with PBS 1X and detached using trypsin 1X being incubated for 5-10 minutes at 37° C in
humidified air with 5% CO:a.

LCC1 and LCC9 cell lines
The human breast cancer cell lines MCF-7/LCC1 and MCF-7/LCC9 cell lines were generated in Nils

Brunner’s laboratory at the University of Copenhagen, Denmark, MCF-7/LCC1 cell, a hormone-
independent but hormone-responsive cell line was generated according to Brunner et al, 1993. MCF-
7/LCC9 cells were established through a stepwise in vitro selection process of MCF-7/LCC1 cells
against increasing concentrations of ICl 182,780 as described in Brunner et al 1997. All cell lines were
maintained in phenol red-free DMEM-F12 supplemented with 5% charcoal-stripped FBS and 1%
Pen/Strep (LCC growth medium; de Cremoux et al, 2003). In order to sub-culture so that they reach 80-
90% confluence media was removed, cells were washed with PBS 1X and detached using trypsin 1X
being incubated for 5-10 minutes at 37° C in humidified air with 5% COx-.

T47-D cell lines

The human ER+ breast cancer T47-D cell line was obtained thanks to Anne Lykkesfeldt from Breast
Cancer Group, Danish Cancer Research Center, Copenhagen, Denmark. T47-D cells were originally
obtained from Human Cell Culture Bank (Mason Research Center, Rockville, MD, USA) and maintained
in Roswell Park Memoriam Institute (RPMI) 1640 medium without phenol red (Gibco, Invitrogen™)
supplemented with 5% FBS (Thermo Fisher Scientific), 2 mM glutamax (Gibco, Invitrogen™) and
8ug/mL insulin (Sigma-Aldrich). The fulvestrant-resistant cell lines T47-D/182R-1 (182R-1) and T47-
D/182R-2 (182R-2) were established by long-term exposure to 100 nM fulvestrant and maintained in the
same growth medium as parental T47-D cell lines plus 100 nM fulvestrant (Tocris, BioScience;
Kirkegaard et al, 2014). Both sensitive (S5 — AL2770) and resistant (R1 — AL3354 and R2 — AL3369)
cell lines were cultured in RPMI 1640 without phenol red (Gibco, Invittogen™) supplemented with 5%
heat-inactivated fetal bovine serum (Hi-FBS; Gibco, Invitrogen™), 1% glutamax (Gibco, Invitrogen™)
and 8ug/mL insulin (Sigma-Aldrich). Both cell lines were cultured both without and/or with fulvestrant
(Tocris, BioScience) in a concentration of 107 M. Growth medium was changed every second or third
day. In order to sub-culture so that they reach 80-90% confluence media was removed, cells were
washed with PBS 1X and detached using trypsin 1X being incubated for 5-10 minutes at 37° C in
humidified air with 5% CO..

ZR75 cell lines

The human ER+ breast cancer ZR75 cell line were kindly provided by Todd Miller from departments of
Pharmacology & Toxicology and Comprehensive Breast Program, Norris Cotton Cancer Center, Geisel
School of Medicine at Dartmouth, Lebanon, NH. ZR75 parental cell lines were originally obtained from

ATCC and cultured in DMEM/10% FBS (Hyclone) and passaged for less than 3 months before analysis.
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ZR75-1/ fulvestrant-resistant (ZR75-1/FR) were generated by culturing ZR75-1 cells with 1 puM
fulvestrant for 4 months (Tocris, Bioscience) (Yang et al, 2016). Both sensitive (ZR75-1) and resistant
(ZR75-1R) cell lines were cultured in RPMI 1640 without phenol red (Gibco, Invitrogen™) supplemented
with 10% FBS (Gibco, Invitrogen™). Both cell lines were cultured both without and/or with fulvestrant
(Tocris, BioScience) in a concentration of 107 M. Growth medium was changed every second or third
day. In order to sub-culture so that they reach 80-90% confluence media was removed, cells were
washed with PBS 1X and detached using trypsin 1X being incubated for 5-10 minutes at 37° C in
humidified air with 5% CO..

Lentivirus packaging in 293T cell line

The protocol was followed based on Cellecta manual, ABM lentivirus packaging protocol and Addgene
lentivirus packaging protocols and safety data measures for GMO class Il working with lentivirus were
respected. These protocols detail the approach when packaging lentivirus.

293 cells were seeded (13,5x1068 cells in T175 flask) in 30 mL of 293T growth media without Pen/Strep
in T175 flasks until 80-90% confluence. For each T175 flask a transfection complex was prepared using
two solutions: Solution A - 6 pL of DNA plasmids (1pg/pL; Cellecta) and 60 uL Packaging Mix (0,5
ug/uL; Cellecta) containing psPAX (Addgene) and pMD2.G (Addgene) were added in 2,25 mL DMEM
(Sigma-Aldrich) and Solution B with 195 pL Lentifectin™ reagent (Applied Biological Materials) in 2,25
mL DMEM. Both solutions were incubated at room temperature for 5 minutes, mixed and incubated for
20 minutes. DMEM was added to the transfection complex and the mixture subsequently added to the
cells. 1,5 mL of FBS (Sigma-Aldrich) was added to all T175 flasks 4-8h later. DNase treatment was
performed 18 hours later by adding DMEM medium containing 5 mM of MgCl. (Sigma-Aldrich) and 20
mM of HEPES (Sigma-Aldrich) pH 7,4 and 1U/mL DNAse | (Thermo Fisher Scientific). Supernatant was
harvested 24h and 48h after, centrifuged at 512x g for 10 min and filtered through a 0,45 pum sterile low-
protein binding filter. For both harvesting days, Lenti-X concentrator protocol (Takara-Clontech)
instructions were followed and safety data measures were respected. Lentivirus were harvested and
concentrated 100 times by using 480 uL of DMEM giving about 4 mL of virus harvested for each
concentrating/harvesting step. Lentivirus were aliquoted and stored at -80°C. Lentivirus concentration
was assessed through the use of Clontech test strips (Takara-Clontech) following the protocol

instructions.

Puromycin titration in LCC1 and LCC9 cell lines

Puromycin titration was performed for LCC1 and LCC9 similarly to what is described in TRC Lentiviral™
shRNA Technical manual (Dharmacon, GE Healthcare). 1x10° cells/mL were seeded in 24-well plate
and puromycin (Life Technologies, Thermo Fisher Scientific) was added at the following concentrations:
0,2; 0,4;0,6; 0,8; 1 and 1,2 pug/mL. Cells were then incubated at 37°C in 5% CO:2 in humidified air. The
number of viable cells was determined 48h later using the Crystal violet-based colorimetric assay. In
order to perform this assay, media was removed from cells, which were gently washed in PBS and fixed

by adding 300 uL of crystal violet solution 5 mg/mL crystal violet (Sigma-Aldrich), 25% (v/v) methanol
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(Sigma-Aldrich), H20) to each well. After 10 minutes of incubation, crystal violet was removed, followed

by 3 times washing with H20. Plates were left to dry at least 24h.

Viral titer estimation in LCC1 and LCC9 cell lines

LCC1 and LCC9 cells were seeded in a 12-well plate at a concentration of 1x10° cells/mL and incubated
overnight. After 24h, cells were transduced with various amounts of lentiviral particles of the shRNA
libraries and of the empty vector (hegative control) ranging between 0-100 pL (0, 8, 24, 36, 48, 60 and
100 pL) in LCC media containing 5 pg/mL polybrene (Sigma-Aldrich). Media without polybrene was
changed in the next day and cells were harvested 48h later with 0,5% formaldehyde (Sigma-Aldrich) in
PBS and collected in tubes kept on ice and protected from light. Fluorescence-Activated Cell Sorting
(FACS) was performed in a Becton Dickinson LSR Il Flow Cytometer (BD Biosciences, USA ) in order
to evaluate the proportion of cells transduced by lentiviral particles through the measurement of Red
Fluorescent Protein (RFP) intensity (Evrogen-TagRFP specifications - Appendix I) encoded in the viral
genome recently integrated in LCC1 and LCC9. Data was analyzed using FlowJo (FlowJo LLC, USA)

and Flowlogic (Iniviai Technologies, USA) commercial softwares.

shRNA genome-wide screening in LCC1 and LCC9 cell lines

In order to perform the genome-wide functional screening, DECIPHER Human module 1, 2 and 3 pooled
lentiviral shRNA libraries (Cellecta) were used. Each shRNA libraries with a complexity of 27K shRNAs
cover about 5000 human mRNAs. Cells were transduced with lentiviral particles representing Modules
1, 2 and 3 separately as detailed in Cellecta manual. For the transduction, 14x108 cells (LCC1 and
LCC9) were seeded in T175 flasks in medium and 5 pg/ml Polybrene (Sigma-Aldrich) and enough viral
particles were added in order to achieve 40% transduction - Mutiplicity of Infection (MOI) of 0.5. A day
after transduction media was replaced with fresh medium without polybrene and 72h later post-
transduction cells were selected with 0,8 pg/ml puromycin (Life Technologies, Thermo Fisher Scientific)
during 48h. Baseline samples (day0) were harvested at 300x g for 15 min in PBS and pellet was stored
at -80° C. For the negative selection screening, cells were then treated with 107 M fulvestrant (Tocris,
BioScience) (+fulv) while controls (Nofulv) were kept in normal medium for 3 weeks. By the end of the

screening, cells were harvested at 300x g for 15 min in 1X PBS and pellets were stored at -80° C.

DNA extraction and purification

Genomic DNA was extracted from harvested pellet cells as described in Cellecta manual. DNA was
sheared by 30 sec at intensity 1 using an ultrasonic homogenizer in a Branson 150/150D sonifier
(Branson, USA). Extracted genomic DNA was evaluated in terms of concentration and purity in a ND-

100 Spectrophotometer (Thermo Fisher Scientific).
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PCR barcode amplification and evaluation

For the amplification of sShRNA-specific barcodes from genomic DNA, Cellecta manual guidelines were
followed. 200 pg of genomic DNA were used in 1t PCR round of amplification. In 2™ round repeat of
PCR amplification, 14 cycles and 10 and 15 pL of DNA were used for baseline (day0), untreated (Nofulv)
and treated (+fulv) samples when using the indexing primers (sequences in table 1 - appendix II).
Analysis of PCR products was performed after running a gel-electrophoresis on a 1X TAE gel 3,5%
agarose (Invitrogen™) with GelRed (Biotium) after both 2" rounds of PCR amplification. PCR products
were mixed with 5X loading dye (Fermentas, Thermo Fisher Scientific) prior to loading and marker 1kb
Plus DNA Ladder (Invitrogen™) was also included in the gel. The electrophoresis ran at 100V for 40
min and gel was revealed in a Fusion-Fx7-7026 WL/26MX equipment (Vilbaer Lourmat, Germany)

equipment through UV-light exposure.

PCR product purification

The PCR products of each sample were combined in order to perform purification after gel
electrophoresis analysis. All different samples were purified using different methods in order to evaluate
the methods of choice before sequencing. For PCR purification of samples Qiaquick purification kit
(Qiagen) was used according with manufacturer’s instructions as well as Clean-up kit Dynamag kit
(Invitrogen™). For PCR product purification from the gel, Qiaquick gel extraction kit (Qiagen) was used
according with manufacturer’s instructions. PCR products were evaluated in terms of concentration and
purity in a ND-100 Spectrophotometer (Thermo Fisher Scientific) and using a Quant-iT™ Picogreen

dsDNA Reagent and Kits (Life Technologies, Thermo Fisher Scientific).

DNA quantification for next-generation sequencing (NGS) using Picogreen assay

Quant-iT™ Picogreen dsDNA Reagent and Kits (Life Technologies, Termo Fisher Scientific) was used
according with manufacturer’s instructions. A high-range standard curve was used and the volumes
were scaled down 10x. A total volume of 300 uL was loaded for all standard and test samples in a 96-
well microplate reader (Nunc). Picogreen absorbance was measured in a Victor Wallac 1420 equipment
(Perkin Elmer) using an excitation wavelength of 485 nm and an emission wavelength of 535 nm and a

measurement time of 0,1 s.

NGS Sequencing of shRNA-specific barcodes

HT Sequencing of pooled shRNA-specific barcodes was performed on an lllumina HiSeq platform using
the respective indexing primers (Appendix Il — Table 1). Sequencing was done in collaboration with
Associate Professor Mads Thomassen, Department of Genetics, Odense University Hospital, Odense,
Denmark.

All samples measured through Picogreen assay ranging in a concentration between 15 and 60 ng/uL
were re-measured through quantitative PCR (qPCR) in order to confirm their values and evaluate
sample clustering. All the samples were pooled and ran together in an lllumina Single-Read (SR) Flow

cell.
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Selection of candidate genes

Correspondent genes to depleted shRNAs identified from the sequencing data of the different shRNA
library screenings were selected based on a reliable criteria. For shRNA library 1 and 2 screenings,
genes presenting 2 or more shRNAs with a fold-change higher than 4, a minimum of 400 read counts
for baseline (day0) samples and consistency (all with less shRNA read counts in treated (+fulv) samples
compared to day0) were selected for further Ingenuity Pathway Analysis (IPA).

Due to the existence of replicates for treated (+fulv), untreated (nofulv) and baseline (day0) samples in
shRNA library 3 screening sequencing data, a fold-change higher than 2 was adopted between +fulv
and day0 and a minimum of 400 read counts in the baseline samples. All genes showing only depletion
of shRNAs in these conditions were intersected with genes with a fold-change higher than 1,5 between
nofulv and day0 with 400 minimum read counts. Genes not common upon this intersection were
considered and compared with +fulv and nofulv list of genes. All genes showing consistency - less
shRNAs read counts in treated (+fulv) than in dayO or than in untreated (nofulv) — were considered as

candidates and chosen for further IPA.

Ingenuity Pathway Analysis

Ingenuity Pathway Analysis (IPA) (Qiagen) was used to evaluate whether candidate genes selected
from the sequence data were part of functionally related integrated biological networks. Candidate genes
were therefore uploaded to IPA and networks relating genes with pathways were established. Molecules
with highest fold-change were associated with networks which were ranked based on probability scoring

using p-values.

RNA extraction

RNA extraction was performed following the TRIzol® Reagent (Ambion, Life Technologies, Thermo
Fisher Scientific) protocol guidelines. 6,8x10° cells (LCC, MCF-7 and FRs) were harvested from T75
flask and 1 mL of Isol-Lysis Reagent (Invitrogen™) was added.

DNAse treatment was performed using DNAse | (Thermo Fisher Scientific) according to DNase I-RNase
free protocol guidelines (Ambion, Life Technologies, Thermo Fisher Scientific) as well as DNAse |
inactivation through heat using EDTA. RNA samples were evaluated in terms of concentration and purity
using a Nanodrop ND-100 spectrophotometer (Thermo Fisher Scientific). The samples were stored at -
80°C.

cDNA synthesis

cDNA synthesis was performed for extracted RNA samples in duplicates. 0,5 pg of RNA extracted was
added to 10 mM dNTP mix (Termo Fisher Scientific), Random Hexamer Primer 30 ng/uL (Termo Fisher
Scientific) and diethylpyrocarbonate (DEPC) water until reach a final volume of 14,5 pL for each
replicate.

A first extension cycle of 5 min at 65°C followed by 1 min of 4°C was performed and the samples were

added to a volume of 5,5 pL mastermix containing: 5x RT Buffer (Termo Fisher Scientific) RiboLock
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(40U/uL; Termo Fisher Scientific) and RevertAid Premium Reverse Transcriptase (200 U/uL; Termo
Fisher Scientific) - Reverse Transcriptase (RT) positive sample - or dH20 — RT negative sample. A PCR
program was used: 10 min at 25°C, 30 min at 50 °C and 5 min at 85°C (inactivation step). The newly

synthesized cDNA was stored at -20° C.

Quantitative reverse transcription PCR (RT-gPCR)

Real-time or quantitative Reverse Transcription Polymerase Chain Reaction (RT-gPCR) has been
accomplished for all genes selected from IPA. This list included HSD17B10, HSPE1, MBP and PSMB2
genes. In order to carry out gPCR, Quanti-Tech specific primers were used for the different mentioned
genes: HSD17B10 (#QT00031444); HSPEl1l (#QTO00000777); MBP (#QT00073528); PSMB2
(#QT00082999) and PUM1 (#QT00029421). PUM1 was used as reference gene. A mastermix of
Quanti-Tech Primers (Qiagen), bi-distilled water, Power SyBr® green (Qiagen) and cDNA from RT+ and
RT- samples diluted 1:10 in water was added to each well of a MicroAmp Fast 96 well reaction plate
(Applied Biosystems®) in triplicates. Non-template control wells were designed using RNase-free water
instead of cDNA. MicroAmp Fast 96 well reaction plate was covered with a MicroAmp optical adhesive
film (Applied Biosystems®) briefly centrifuged at 1000 RPM for 1 min in a 5310 R centrifuge (Eppendorf)
and read in a StepOne™ Real-Time PCR System (Applied Biosystems®) during 2h50 min using the
following program: 1 cycle: 10 min at 95°C; 40 cycles: 15 sec at 95°C + 1 min at 60°C; 15 sec at 95°C
+ 1 min at 60°C + 15 sec at 95°C. The RNA expression was calculated by using the comparative
threshold (ct) method (Livak et al, 2001).

Protein extraction

Protein was extracted from all cell lines using a Radioimmunoprecipitation assay (RIPA) buffer (10 mM
Tris-HCI pH 8, 5 mM Na2EDTA, pH 8, 1% NP-40, 0,5% sodium dioxycholate, 0,1% Sodium Dodecyl
Sulphate (SDS) containing Complete Mini, Protease Inhibitor Cocktail tablets (1 tablet/10 mL; Roche).
LCC, MCF-7/FRs, T47-D, ZR75 cells in T75 flasks were rinsed and washed with cold PBS and collected
using a cold cell-scrapper for a pre-cooled tube. The suspension of cells was then centrifuged for 5 min
at 300xg, 4°C. Afterwards, cells’ pellet was lysed using ice-cold RIPA buffer on ice for 10 min through
persistent pipetting and subsequently centrifuged for 15 min at 12000x g, 4°C. The supernatant was

transferred for a pre-cooled eppendorf and stored at -20 °C.

Protein quantification (BCA assay)

Protein concentration was evaluated by carrying out bicichoninic acid (BCA) assay. Pierce™ BCA assay
kit (Thermo Fisher Scientific) guidelines for a microplate procedure were followed in a working range
between 20-2000 pg/mL (Appendix 1l — Figure 2). Triplicates were used for the standard curve using
Bovine Albumin Serum (BSA) protein (Thermo Fisher Scientific) and duplicates were used for the lysates
of the protein samples. The 96-well microplate reader (Nunc) was read on a Victor Wallac 1420 (Perkin

Elmer) equipment at 560 nm during 0,1 s. Protein samples were afterwards aliquoted in several tubes
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being stored at -80°C and -20°C. Protein concentration of the lysate samples was calculated based on

several standard curves (Appendix IV — Figures 3-7)

SDS-page

SDS-PAGE gel has been used aiming to separate the protein bands of the protein extracts from all
different cell lines in study. 5-10 pg of protein lysate was mixed with 1,5 — Dithiothreitol in water (DTT)
0,6M (Sigma-Aldrich); RunBlue LDS Sample Buffer 4X (Expedeon) and/or Laemmli Sample buffer 4X
(BioRad) and heated to 99°C. 1,4 M lodoacetamide (IAA) in sodium acetate (Sigma-Aldrich) was also
heated to 99°C for 5 min and added to the mixture for the expedeon gel-electrophoresis. The mixture
was loaded in 4-20% pre-cast SDS-PAGE gels; in a 12-well or 17-well (Expedeon) and 15-well (Biorad)
together with protein marker PageRuler™ 250 kDa Prestained Protein Ladder (Thermo Fisher Scientific)
— Expedeon — and with Precision Plus Protein™ Dual Color Standards, 500 ul #1610374 (BioRad). The
gel ran at 200V, 90 mA, between 45-55 min in a gel chamber filled with SDS Running buffer (Expedeon)
and for 30 min in a gel chamber filled with SDS Laemli Running Buffer (BioRad).

Western-blotting

In order to evaluate protein expression of candidate genes, Western-blotting was performed according
to abcam® protocol guidelines for LCC, MCF-7/FRs, T47-D and ZR75 cell lines. Positively charged
nylon Polivinylidene fluoride (PVDF) membrane (GE Healthcare) was activated through the use of: 96%
ethanol (15 s), 2 min in ELGA water and 10 min in transfer buffer (48 mM Tris base, 39 mM Glycine,
and 0,037 % v/v SDS, 20% EtOH in ddH20). After activation, a semi-dry blotting system was assembled
containing pre-wetted pieces of Whatman paper (GE Healthcare) in transfer buffer and ran at 300V, 58
mA for 1h30 min using Expedeon system and 300V, 10 min for Trans-blot turbo system. Blocking of the
membrane was performed using non-fat milk (Sigma-Aldrich) 5% solution (10g dry milk in 200 mL of
TBST 0,1%). TBST 0,1% buffer - 1X Tris Buffer Saline (TBS; 20X TBS: 24,23 g Trizma HCI, 80,06 g
NaCl, 800 mL ELGA water, pH 7,6 and Tween20 (Sigma-Aldrich). The incubation was performed at
room temperature for 1 hour. After membrane blocking, incubation with primary antibody in blocking
agent was achieved using both dilution working ranges: 1:250 and 1:500 for rabbit polyclonal anti-human
HSD17B10 antibody (#HPA001432; Sigma-Aldrich) and 1:250 and 1:100 for rabbit polyclonal anti-
human HSPE1 antibody (#HPA038755; Sigma-Aldrich). The membrane was incubated overnight at 4°C
with agitation, washed afterwards (3 times, 15 min) and incubation with secondary antibody — goat
polyclonal anti-rabbit HRP (#P0448; Dako Cytomation) — was performed using a 1:5000 dilution in a
non-fat milk 1% solution. After washing steps (3 times, 15 min), the detection step was performed
recurring to Pierce™ enhanced chemiluminescence (ECL) Western Blotting substrate (GE Healthcare)
reagents using it in a 1:1 reaction and applying it to the previously briefly dried PVDF membrane. After
5 min incubation period, the membrane was exposed to chemiluminescent Epi-White light in a Fusion-

Fx7-7026 WL/26MX equipment (Vilbaer Lourmat, Germany) as well as to a CL-Xposure light sensitive
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film (Thermo Fisher Scientific) and developed on an Optimax 2010 (Protec) in a dark room. The time
used for the X-ray film was way shorter than the one identified for the chemiluminescence camera. Beta-
actin antibody (#ab6276, Abcam) was used as a loading control in a 1:15000 dilution and the
correspondent goat polyclonal anti-mouse HRP (#P0447 — Dako Cytomation) secondary antibody in a
1:5000 dilution.

Densitometry measurements of western-blot bands were performed using ImageJ software (Research
Services Branch, National Insitute of Mental Health, USA) and further comparison of integrated density
values between proteins in study (HSD17B10 and HSPEZ1) and the reference protein -actin across the

different cell lines was accomplished.
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RESULTS

Determination of virus titre to ensure sufficient ShRNA representation in LCC cell lines

To ensure reliable and reproducible results when using pooled shRNA libraries, it is critical to infect

enough cells and maintain sufficient representation of each shRNA construct (integrant) in the cells. A

virus titration was performed using the shRNA libraries before the actual functional screening. A

multiplicity of infection (MOI) of 0.5 was indicated to allow a single integrant per cell in the majority of

the cells (Figure 8 — Appendix V). This will reduce the possibility of transduction of cells with multiple

shRNAs, improving on-targeting effects of the shRNAs against the mRNAs present in the cell milieu

(Sigoillot & King, 2011; Mohr et al, 2014). To identify the amount of viral particles used in the transfection

of cells, cells were transduced with different viral suspension representing the 3 shRNA libraries. The

proportion of cells transfected were subsequently determined by FACS analysis. Figures 3.1, 3.2, 3.3

and 3.4 demonstrate the percentage of transduction efficiency achieved when using different lentiviral
amounts to infect both LCC1 and LCC9 cells with the 3 shRNA libraries.
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Figure 3.1. Percentage of LCC9 cells Figure 3.2. Percentage of LCC9 cells transduced

transduced upon transduction with lentiviral
particles carrying shRNA library module 1.
Different viral amounts were used and
percentage of transduced efficiency was
established based on RFP+ cell number. Each
bar represents the median value between
replicates. Error bars are identified as standard
deviation value between both replicates of each
viral amount used.

upon transduction with lentiviral particles
carrying shRNA library module 2. Different viral
amounts were used and percentage of
transduced efficiency was established based on
RFP+ cell number. Each bar represents the
median value between replicates. Error bars are
identified as standard deviation value between
both replicates of each viral amount used.
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Figure 3.3. Percentage of LCC9 cells transduced Figure 3.4. Percentage of LCCL1 cells transduced
upon transduction with lentiviral particles upon transduction with lentiviral particles carrying
carrying shRNA library module 3. Different viral ShRNA library module 3. Different viral amounts
amounts were used and percentage of were used and percentage of transduced
transduced efficiency was established based on efficiency was established based on RFP+ cell
RFP+ cell number. Each bar represents the number. Each bar represents the median value
median value between replicates. Error bars are  between replicates. Error bars are identified as
identified as standard deviation value between standard deviation value between both replicates
both replicates of each viral amount used. of each viral amount used.

Analysis of the figure 3 above indicate it is possible to achieve 40% transduction efficiency (MOI 0.5) for
LCC1 and LCC9 cell lines when using 100 pL of lentivirus with all the different libraries. By scaling-up
the volumes and using the titer formula in Figure 8 — Appendix V it is possible to obtain the required

amount of lentiviral stock aimed to transduce 40% of cells in the screening experiments.

Barcode amplification of shRNA inserts in screen cell populations

After genomic DNA extraction, barcode recovery was performed using PCR. In all screen cell population
samples, primers complementary to a constant sequence in the shRNA constructs were designed in
order to amplify the individual shRNA sequence specific (barcode). Figure 3.5 illustrates PCR
amplification of the barcode of each shRNA sequence from the screen cell populations. By analyzing
Fig.3.5 it is possible to verify the presence of a clear bright band around 100 bps. This band represents
the HTS3-cassette that contains the shRNA insert (106 bps; Figure 9 - Appendix VI) capable of integrate

in the host genome of the transduced LCC1 and LCC9 cell lines after viral infection.
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a) b) No No
Day0 +Fulv MK DayO+Fulv ~ DayOFulv+Fulv Day0 Fulv+Fulv MK

200 bps

100 bps

Figure 3.5. Barcode PCR amplification of genomic DNA from shRNA libraries screening cell
populations in agarose gel-electrophoresis. A bright band around 100 bps is visible and
represents the shRNA insert (106 bps) present in HTS3 cassette of pRSI9-U6-(sh)-HTS3-UbiC-
TagRFP-2A-Puro-dW (Fig.9 - appendix VI) plasmid used as construct for lentiviral packaging of
the shRNA library module 1 (a) and shRNA library 2 and 3 (b). In a) day0 (1st well) and +Fulv
(2 well) samples are represented. In b) dayO (1st well) and +Fulv (2" well) from shRNA library
module 2 and replicates from shRNA library module 3: day0 (4t and 8% well), Nofulv (5" and 9th
well) and +Fulv (6" and 10t well) are also represented. DNA 1 kb plus ladder (MK) is represented
in both gels in the last lane.

Purified barcode from the different screen cell populations was subsequently subjected to sequencing.

Sequencing of barcode sequences led to identification of several candidate genes in different

shRNA library screenings

Sequencing data originating from the Illlumina HiSeq platform was displayed in terms of read counts
referent to the different screen cell population samples. To analyze the sequencing data, a set of criteria
was applied to ensure consistency when comparing treated, untreated and baseline samples read
counts. This led to the identification of a panel of potentially reliable shRNAs directed against specific
mRNAs and consequently the identification of potential candidate genes involved in resistance and/or

susceptibility of mammalian cells to fulvestrant exposure.

Table 3.1 represents the 206 candidate genes identified following the identification of correspondent
depleted shRNAs upon selection criteria appliance in fulvestrant-resistant breast cancer cell lines
among the different shRNA library screening modules. A depletion of 82 shRNAs targeting 31 human
genes were obtained following functional screening of shRNA represented in human module 1 shRNA
library (Table 3.1a). Functional screening using the module 3 shRNA library resulted in the identification
of 233 shRNAs specific to 74 genes (Table 3.1b). Screening using module 2 shRNA library resulted in
the depletion of 258 shRNAs targeting 101 genes (Table 3.1c).
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Table 3.1 Table showing the list of genes whose corresponding shRNAs showed marked depletion
following fulvestrant treatment in module 1 shRNA library transduced LCC9 cell lines (a), in module 3
shRNA library transduced LCC9 cell lines (b) and in module 2 shRNA library transduced LCC9 cell lines
(c). The numbers show median fold-change in shRNA abundance.

a) b)
CENE FOLD- CENE Foro- T Foro- T o FOLD-
sympoL | CHANG symeol | SANC | symeoL CHANG I symsoL | AN

E E E GE

ADA -4.78 ANKS3 -3,58 ISX -2,06 RPS21 7,07
AKT1 7,30 ARIDIA 211 KCTD10 -4,55 RPS25 3,95
ANAPC10 | -5,44 ATP6VOE2 | -2,60 KDM2B 3,43 SCUBE3 | -2,25
CABA 7,47 BATL 275 KIF11 2,83 SF3B5 5,30
fDKsRAP -8,56 C170RF48 | -2,88 LOC642393 -3,99 SLTM -4,44
CPSF2 -4,86 C170RF81 | -2,95 LRRC56 271 SUPV3L1 | -3,01
CYC1 6,32 C20RF40 | -2,36 LSM6 6,54 THOC3 4,20
DDB1 7,61 C9ORF119 | -2,09 MAGEAS 2,28 TWSG1 5,10
DDOST 5,55 CCDC88B | -7,86 MDFIC 2,74 USP31 5,53
EIF2S2 -9,00 CDKALL | -4,04 MEAL -4,53 VPS33A | 2,47
EIFAG2 7,87 CEP192 -3,63 MGC57359 2,85 ZNF184 | -2,48
FAU -6,97 CEP68 -3,07 MRPL51 2,81 ZNF500 | 2,79
FCGR3B | -4,44 CLIC3 -4,58 NOP2 732 ZNF540 | 3,71
FDPS 6,51 CNOT2 5,03 NUP93 2,62 ZNF566 | -3,01
HSD17B10 | -6,41 COPB1 10,48 | OR6C3 271 ZNF609 | -2,17
HSPE1 -10,37 COP54 2,68 PCAF 2,18 ZNF684 | 2,30
MBP 5,15 CRTC2 212 PCGF5 2,62 ZNF700 | -2,60
NAE1 -5,63 CTNNBL1 | -4,18 RASSF9 -2,51
NDUFA10 | -5,23 CYs1 -4,03 RCOR1 311
PALB2 5,24 DDX21 -3,65 RFTN2 711
PIK3R2 506 DGCR6 3,37 RP11-529110.4 | -7,23
PPARBP | 736 DNTTIPZ | 2,4 RPH3A -3,86
PPP2RIA | 51g DOHH 2,97 RPL10A -18,04
PRPF40A | 1049 EFTUD1 2,36 RPL17 6,71
PSMB2 13,50 EXOC6B | -3,02 RPL23 -8,76
RRHEB -8,24 EXOSC5 | -3,41 RPL3 7,04
RRM2B 5,37 FAM104B | -3,63 RPL36 341
SNRPAL | -9,42 FLVCR1 -6,09 RPL7 715
TERF2IP | -7,82 GAGE4 5,55 RPP38 -6,90
THBS2 5,62 GLBIL 2,60 RPS16 3,19
UBE2G1 | -4,82 GRPEL1 | -3,01 RPS18 5,44
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c)

GENE | FOLD- GENE EE;DN'G GENE FOLD- GENE FOLD-
SYMBOL | CHANGE | SYMBOL - SYMBOL | CHANGE | SYMBOL | CHANGE
ACCS -4.36 INPP5F 6,72 RASSF7 | -4,55 WDR36 -9,62
AMELY | -4,63 INTS1 -6,82 RCC2 -6,45 WWOX -6,38
ASH2L | -10,44 IPO13 5,31 REEP5 -4,69 YBX1 -5,96
/;TXNSO -8,10 JARID1C 7,73 RFC4 7,19 YWHAE | -5,76
BAT2 -6,99 KALL 6,12 RHCE 527 ZNF283 5,25
CAPZB | -11,62 KHSRP -4.33 RPL23A | -4,42 ZNF547 -6,20
;:CDCH -5,16 KRR1 -7,68 RPLP2 -9,63 ZNF548 -476
CCT8 -59,35 LAMC3 -4,97 RPS17 -3,03 ZNF548 -4,76
CEP55 | -5,22 LOC389458 | -9,49 SAFB -6,88
CKAP5 | -6,34 LOC730167 | -6,72 SART1 -5,57
CNOT4 | 5,45 MAGEA2B | -5,98 SCAF1 -5,36
CNOT6L | -7,94 MAPK4 7,70 SERPINA7 | -12,77
COBRAL | -8,93 MDN1 -8,07 SFPQ -13,86
CRYM 5,26 MED12 -10,30 SHROOM2 | -18,41
CTSZ -4.45 MED28 12,92 SNRPE 5,42
DDX10 | -13,23 N6AMTL -4,86 SPATA4 | -6,20
DLG1 523 NCAPH -10,38 SPRYD4 | -7,35
EONSO -9,05 NIPBL -8,83 Ssu72 -4,60
EGFLAM | -12,38 NUP155 -8,31 SUMO4 -5,59
EIF3B 6,25 NUP98 24,40 SYNM -5,08
EIF3G -13,50 NUTF2 7,96 THIL -6,09
EIF3I 5,62 OR4F15 -10,23 TIMM13 17,25
EMG1 -8,66 OR4M1 6,07 TPSD1 -6,66
ERAP2 | -4,91 OR51V1 5,97 TRIP13 6,21
ESPL1 | -7,19 OR52B6 5,87 TSSK2 -4.73
;AMlss 7,12 PABPN1 5,72 TUBAL3 | -5,96
FXYD3 | -7,02 PPRC1 -4.43 ULK3 5,51
GNB5 5,96 PRAGMIN -6,88 UQCRQ 5,07
fPIHBP -5,04 PRPF31 -10,43 USF1 -6,91
GSTCD | -6,73 PRPF4 6,45 USP1 -6,56
HP53 9,52 PSIP1 6,48 USP7 -10,07
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Pathway analysis using Ingenuity Pathway Analysis software (IPA) showed representation of

candidate genes in relevant networks

All the genes identified as candidates involved in resistance to fulvestrant (Tables 3.1) were analyzed
in IPA to visualize the networks in which they were involved. Several canonical pathways were candidate
gene-enriched among the different libraries. These canonical pathways comprehend EIF2 signaling,
regulation of elF4 and p70S6K signalling, mTOR signalling and PI3K-AKT among many others (Figure
3.6). A large set of genes can be identified in networks associated with these canonical pathways like
BRCA1L, TP53, PIK3CA, NF-kB 1, TNF and MAP3K3 (Figure 3.7). It were also identified 2 genes from
the list of candidate genes already described to be associated to fulvestrant resistance: AKT1 and MED1
(Fig.3.7d) (Ribas et al, 2015; Zhang et al, 2013). These evidences result from the interaction between
genes involved in different pathways associated to different targeting shRNAs identified in several
networks with high values of score probability which are detailed in figure 3.8a. The networks identified
are related with: cancer, cell death and cell cycle, growth and proliferation retaining a score probability
of 19 and showing 14 focus molecules each associated to it (Fig. 3.7a and 3.7b), whereas figure 3.7¢
(score probability 15) illustrates 12 focus molecules associated with DNA replication, recombination and
repair in addition to cancer-disease association. Figure 3.7d represents a network with high probability
score of 15 and retains 12 molecules involved in cellular function and maintenance as well as gene
expression. Importantly, HSD17B10, HSPE1 and MBP molecules were found in some of these networks
and therefore considered as likely candidates involved in fulvestrant resistance (Fig.3.7a, 3.7c and
Figure 10 — Appendix VII). Another diverse set of genes pops-up as majorly downregulated, presenting
very high fold-change values. CCT8, EIF2S, SHROOM2, CEP192 and USP7 are included in this gene
set, evoking the evidence that they can be determinant in the happening of fulvestrant resistance event

(Fig.3.8b).
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Figure 3.6. Canonical pathways common between all different shRNA library screening
potential depleted candidate genes. EIF2 signaling, regulation of elF4 and p7056k signaling,
mTOR signaling and PI3K/AKT signaling are in the top 5 pathways identified. The pathways
are obtained based on a —log(p-value) scale and z probability scores.
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Figure 3.7. IPA network representation based on the pool of depleted candidate genes retrieved from
the different shRNA library modules screening. a) Network 2 (score of 19) associated to cancer, cell
death and survival among others. b) Network 3 (score of 19) associated with cell cycle, cellular
development, cellular growth and proliferation. c) Network 4 (score of 15) associated to DNA replication,
recombination and repair and cancer among others. d) Network 5 (score of 15) associated with cellular
function and maintenance, gene expression among others. All candidate genes identified in these

networks are depicted in green and respective fold-change is assigned. All the other genes are part of
the network result and not from the screening data.
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a)

Top Networks

ID Associated Network Functions Score
1 Hematological Disease, Infectious Diseases, Developmental Disorder 24
2 Cancer, Organismal Injury and Abnormalities, Cell Death and Survival 19
3 Cell Cycle, Cellular Development, Cellular Growth and Proliferation 19
4 DNA Replication, Recombination, and Repair, Cancer, Organismal Injury and Abnormalities 15
5 Cellular Function and Maintenance, Gene Expression, Infectious Diseases 15
b)

Top Analysis-Ready Molecules

Exp Fold Change down-regulated

Molecules Exp. Value
PRRC2A* +-80.143
CCT8* +-72.000
NUP155* + 44182
EIF2§82* +-41.333
SHROOM2* +-30.789
CEP192* +-26.023
USP7* L 24781
TIMM13* +-23.825
RFTN2* +-23.622
copPB1* +-23.318

Figure 3.8. IPA summary from the convergence of the candidate genes obtained from the different
shRNA library screening analysis representing the top networks identified and the correspondent score
probability a) as well as the top downregulated molecules identified among the different networks
generated and the fold-change associated to them (b).



HSD17B10 and HSPE1 genes are up-regulated in fulvestrant resistant cell lines

Among the genes identified in shRNA screening, pathway analysis showed that HSD17B10, HSPE1,
PSMB2 and MBP were found to be central molecules in networks whose main function was related to
cancer pathogenesis. These 4 genes were further evaluated using RT-gPCR in fulvestrant resistant and
their corresponding fulvestrant sensitive parental cell lines. The results showed that HSD17B10 (1.6-
fold) and HSPEZ1 (1.4-fold) genes showed enhanced expression in fulvestrant resistant LCC9 compared
to LCC1 (Figure 3.9). This corroborates well with the findings of shRNA library screenings where cells
carrying shRNAs targeting the 2 genes were depleted following exposure to fulvestrant. However,
PSMB2 and MBP genes showed similar expression between the resistant and the parental cell lines
(data not shown). For all the 4 genes, it was also concordant a lower gene expression in all the

fulvestrant-resistant cell lines (FRs) by comparison to the MCF-7/S0,5 cell line (Figure 3.10).

Relative gene expression quantification
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LCC1 and LCCO9 cells

1,8

1,6

1,4

——

1,2

’

—

0,8
0,6

0,4

Relative quantification (RQ) of gene expression
=

0,2

0
o o ~ o
&> O & R &
N T *® 3
& &

Figure 3.9. Relative quantification (RQ) of gene expression of HSD17B10 (black) and HSPE1
(grey) genes in fulvestrant-sensitive LCC1 and fulvestrant-resistant LCC9 cell as measured
using RT-gPCR. RQ values are normalized relative to the parental cell lines (LCC1). Error
bars are represented as the standard error of the mean (SME) and representative of three
independent experiments using three technical replicates. PUM1 was used as a reference
gene.

32



Relative gene expression quantification of
HSD17B10 and HSPE1 genes in MCF-7/S0,5 and

FRs cells
1,4

512

w

w

g

o

s 1

[}

C

(9]

oo

G

-~ 08

g

=

s

E 0,6

=

I

s 04 T T J.

2 1 1

B I 1

T 0.2

° > & & & oy S SN D Ha &

NS &g & @Y & N € €0 <
@co*/'\ & & & & @cq'» A ¥ S
* *

Figure 3.10. Relative quantification (RQ) of gene expression of HSD17B10 (black) and
HSPEL1 (grey) genes in the fulvestrant-sensitive MCF-7/S0,5 and fulvestrant-resistant
FRs cell lines as measured using RT-gPCR. RQ values are normalized relative to the
parental cell lines (MCF-7/S0,5). Error bars are represented as the standard error of the
mean (SME) and representative of three independent experiments using three technical
replicates. PUM1 was used as a reference gene.

Evaluation of the expression of HSD17B10 and HSPE1l showed enhanced expression in

Fulvestrant resistant cell lines

To investigate whether the differences at mRNA level were consistent at the protein expression level

western blotting was performed for the differentially regulated genes (Figure 3.11 and 3.12).

The expressions of HSD17B10 and HSPE1 at the protein levels were evaluated in different breast
cancer sensitive and respective fulvestrant-resistant cell lines using Western blotting. These included
LCC, MCF-7/S0.5 and FRs as well as 2 other ER+ breast cancer cell line models T47-D and ZR75.
HSD17B10 (28 kDa) was found to be highly expressed in all fulvestrant-resistant cells grown in the
presence of fulvestrant as compared to the parental cell lines, except for FR3, which exhibited reduced
expression compared to parental cells (Figure 3.11 and 3.13). HSD17B10 is also highly expressed in
all fulvestrant-resistant cell lines compared to the sensitive one in the absence of fulvestrant, but
exposure to fulvestrant increases the expression even further (Fig.3.11 and Figure 11 - appendix VIII),
suggesting an important role of this protein in the resistance phenotypes. As expected, HSD17B10
protein expression decreases in LCC1 when fulvestrant is present (Fig.3.11a and Figure 11 — Appendix

VIII), due to its sensitiveness to this drug.
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HSPE1 protein (10 kDa) shows higher expression in LCC and ZR75 fulvestrant-resistant cells in
comparison to the corresponding sensitive parental cells (Fig.3.12a and 3.12b), and exposure of the
cells to fulvestrant enhances the expression of the protein further in all fulvestrant resistant cell lines
(Fig.3.12). Once again, HSPEL1 protein expression largely decreases in the LCC1 sensitive phenotype
upon fulvestrant exposure (Fig.3.12a). Moreover, expression of HSPEL in T47-D cell line seems to be
absent or very low, observably increasing in the resistant phenotypes upon fulvestrant exposure
(Fig.3.12c). No additional quantification of band density was performed for this protein however, due to

a high level of saturation of B-actin bands.
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Figure 3.11. Western-blot analysis of HSD17B10 protein expression in different ER+ breast cancer
cell lines models in the absence and presence of fulvestrant (+FULV). a) HSD17B10 protein
expression in fulvestrant-sensitive LCC1 and fulvestrant-resistant LCC9 cell lines (a), fulvestrant-
sensitive T47D S5 and fulvestrant-resistant T47-D R1 and T47-D R2 (b), fulvestrant-sensitive ZR75-1
and fulvestrant-resistant ZR75-1R (c), and fulvestrant sensitive MCF7/S0,5 and fulvestrant-resistant
FR1, FR2, FR3 and FR4 cell lines (d). The western-blots shown are representative of the result of
three independent experiments. $-actin was used as a loading control.
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Figure 3.12. Western-blot analysis of HSPE1 protein expression in different ER+ breast cancer cell
lines models in the absence and presence of fulvestrant (+FULV). HSPE1 protein expression in
fulvestrant-sensitive LCC1 and fulvestrant-resistant LCC9 cell lines (a), fulvestrant-sensitive ZR75-1
and fulvestrant-resistant ZR 75-1R cell lines (b), fulvestrant-sensitive T47-D S5 and fulvestrant-
resistant T47-D R1 and R2 cell lines (c). The western-blots shown are representative of the results of
two independent experiments. B-actin was used as a loading control.
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Figure 3.13. Densitometric analysis of representative western-blots of HSD17B10 expression
in LCC1, LCC9, ZR75-1 and ZR75-1R cell lines (a) and T47-D S5, T47-D R1 and R2 and
MCF-7/S0,5 and FRs cell lines (b) both in absence and presence of fulv (+fulv). The graph
bars illustrate the ratio values of absolute integrated density of the western-blot bands
between HSD17B10 and B-actin proteins. The graph bars were generated through the
analysis of the density of the western-blot bands using the ImageJ analysis software.
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DISCUSSION

Resistance to fulvestrant, a second-line anti-estrogen drug used in the treatment of post-menopausal
women with ER+ locally or advanced breast cancer patients can be caused by several mechanisms
associated to ER-dependent or —independent signalling (Zilli et al, 2009; Becerra et al, 2013; Frogne et
al, 2009; Ciruelos et al, 2014). At the moment, besides HER2, there’s no other available biomarker in

clinical use for selection of ER+ breast cancer patients available to endocrine therapy.

Therefore, the study presented in this thesis aimed at evaluating potential biomarkers using shRNA
library consisting of over 75,000 individual shRNAs covering the human transcriptome. This way, we
were able to identify the most differentially regulated genes and/or proteins associated to known
canonical signalling pathways upon fulvestrant exposure. In this study 3 different shRNA library
modules, covering mRNAs related to signalling pathways (library 1), disease-associated (library 2) and
concerning cell surface, extracellular and DNA binding (library 3) were used. These shRNA libraries
were packaged in lentivirus and are capable of transducing mammalian cell lines. Two different ER+
breast cancer cell lines: LCC1 — an estrogen independent and fulvestrant-sensitive - and LCC9 — a
fulvestrant-resistant cell lines were used in this study. These cell lines are derived from the parental
MCF-7/S0,5 breast cancer cell line (Brunner et al, 1997).

Sequencing data analysis enabled us to identify 206 candidate genes through identification of depleted
correspondent shRNAs as a result of exposure to fulvestrant from the resistant cell line phenotype upon
negative selection screening. Pathway analysis using IPA showed that HSD17B10, HSPE1 and MBP
seem to be cancer-associated genes and central in the networks related with cell cycle, cell death and

survival and DNA replication, recombination and repair.

Further evaluation of the expression of these genes showed that HSD17B10 and HSPE1 genes are
significantly up-regulated in the fulvestrant-resistant cell lines compared to sensitive parental cell lines.
Moreover, exposure of resistant breast cancer cell lines to fulvestrant further enhances the expression
of the proteins suggesting that the genes may play a role in the survival and proliferation of cells in
fulvestrant containing medium. However, whether these 2 genes are responsible for fulvestrant
resistance phenotype remains to be evaluated. Gene knockdown using siRNAs and evaluating its
consequence in term of the survival, proliferation and death of cells in fulvestrant medium might be
needed to see whether these genes are in fact the ones responsible for the resistance mechanism.
HSD17B10 is a protein involved in the sex steroid metabolism by means of inactivation of estradiol to
estrone through oxidation and has been shown that overexpression of this molecule may lead to cell
growth and resistance to cell death (Yang et al, 2005; Justenhoven et al, 2012; Carlson et al, 2015).
HSD17B10 protein belongs to the short-chain dehydrogenase/reductase superfamily 17(3-
hydroxysteroid dehydrogenase (HSD17B) and some of the members of this family have been reported
as prognostic biomarkers in breast cancer (Day et al, 2008; Jansson et al, 2006). HSPE1/HSP10 is a
heat shock protein which functions as a chaperonin and has been suggested to be involved in

immunomodulation and tumor progression (Rappa et al, 2014). Some reports have indicated that
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HSPE1/HSP10 is associated with disease progression in ovarian cancer and chemoresistance (Tétu et
al, 2008; Maxwell et al, 2003).

Pathway analysis of functional screening also led to the identification of other genes involved in
important cellular processes such as cell cycle regulation, cell proliferation and growth, cell death and
survival and DNA replication, recombination and repair. Among these genes are well-documented tumor
suppressors such as BRCA1 and TP53 (James et al, 2007; Rivlin et al, 2011). Moreover, molecules
such as MED1, AKT1, PI3BKCA, mTOR, TNF, FYN, JUN, FOS, IGF-1, NF-kB and MAPKs which are
known to be involved in endocrine resistance to tamoxifen and fulvestrant were also identified among
these pathways (Zhang et al, 2013; Jordan et al, 2014; Ribas et al, 2015; Knudsen et al, 2014; Clarke
et al, 2015; Stone & Musgrove, 2014; Fox et al, 2012; Fox et al, 2013; Ciruelos et al, 2014; Dixon, 2014;
Elias et al, 2014; Schiff & Osborne, 2005; Becerra et al, 2013). All these findings show up to be very
important when looking for the differentially regulated genes associated to them in a way that the genes
preceding or succeeding these ones may be relevant in terms of endocrine resistance. Others, identified
to be majorly downregulated such as CCT8 have been related to hepatocellular carcinoma, through
association with c-Jun signaling cascade and increased expression of this protein was reported to be
related to poor outcome in glioblastoma (Wei et al, 2015; Qiu et al, 2015). SHROOM2 have been
implicated in colorectal cancer, where its depletion from endothelial cells leads to increased
angiogenesis, whereas CEP192 have been implied in Her2+ breast cancer centrosome amplification
(Morgan-Fischer et al, 2013; Lee et al, 2014). USP7, a deubiquitination protein has been linked to p53
tumor suppressor stability and it has been shown to regulate mitotic progression and taxane sensitivity
(d’Arcy et al, 2015; Giovinazzi et al, 2013). EIF2S2, the beta subunit of the eukaryotic initiation factor
elF2 (elF2B) has been reported to be associated with suppression of testicular cancer incidence
(Heaney et al, 2009). Also, elF2a phosphorylation was reported to be involved in cell adaptation to
stress associated with chemotherapeutic drug treatments and to PI3K and AKT activation (Kazemi et
al, 2007; Rajesh et al, 2015). Moreover, EIF2 and elF4 and p70S6k were the pathways with significant
representation of the genes we identified in the shRNA functional screening. PI3K/AKT/p70S6k

signaling was reported to be regulated in breast cancer (Halacli et al, 2015).

PISK/AKT and mTOR signaling pathways are among the top canonical pathways where the genes
identified by functional screening showed significant representation. It is plausible that the increased
PI3K-AKT-mTOR signaling may play a role in endocrine resistance. Interestingly, reports have shown
that PI3BK-AKT-mTOR signaling pathway is directly associated to resistance to endocrine drugs (Peter-
Hansson et al, 2013; Stone & Musgrove et al, 2014; Ma, 2015; Fox et al, 2012). Components of PTEN-
PI3K-mTOR pathway have been described to influence p53 function and to interact with DNA repair
mechanisms (Lgnning & Knappskog, 2013). PI3K promotes c-Jun phosphorylation and complexation
with c-Fos and this is known to be involved in ER transcription (Dixon, 2014). As a proposed mechanism,
HSD17B10 and HSPEl1l might activate PISK/AKT and mTOR signalling, c-Fos and c-Jun
phosphorylation and complexation which may enhance ER-independent signalling pathway and/or
influence p53 and lead to fulvestrant resistance. Some inhibitors targeting AKT and PI3K-mTOR

signaling have been developed and used in combination with endocrine therapy (Ribas et al, 2015;
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Hortobagyi et al, 2015; Bosch et al, 2015; Ma, 2015) and the current study showed that inhibition of
pathways such as EIF2 and elF4/p70S6k signaling may also be a promising venue in the treatment of

drug resistant breast cancer.

In conclusion, in this thesis we performed a functional screening of the human transcriptome in
fulvestrant resistance and observed that there was significant depletion of shRNAs targeting over 206
genes. Among these genes, HSD17B10 and HSPE1 were found to be significantly up-regulated in
fulvestrant resistant breast cancer cell lines. We further demonstrated that the expression of these
proteins can be influenced by the presence of fulvestrant in growth medium. These 2 genes are
promising candidates for further evaluation of their role in fulvestrant resistance and their potential as a
biomarker for endocrine resistance in breast cancer. shRNA library based functional screening method
appears to be very useful in the quest to identify biomarkers in endocrine resistance as well as in

understanding the molecular mechanisms of resistance .

Future perspectives

The work presented in this thesis is still in an initial phase and further work is needed in order to validate
the findings. Therefore, validation of the functional importance of these genes using transient and stable
gene knockdown methods is warranted. Gene knockdown effects will be evaluated in terms of cell
growth and proliferation as well as in terms of cell death and apoptosis induction. Evaluation of the
molecular mechanism by which these genes operate can be evaluated following interference with the
expression of target genes by assessing the activation/inhibition of downstream molecules.
Furthermore, evaluation of the genes for their potential as a biomarker will be performed by studying the
expression of the molecules in clinical samples and relating this to clinical outcome of fulvestrant

treatment in advanced disease patients.
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Appendix | — Red Fluorescent Protein (RFP) fluorescence spectra and specifications

Fluorescence, %
-
w0 o
o o
1 ]

o
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40
20
1 — T T
400 700 800
Wavelength, nm
Main properties of TagRFP
Molecularweight, kDa 27
Polypeptide length, aa 237
Fluorescence color red (orange)
Excitation maximum, nm 655
Emission maximum, nm 584
Quantum yield 0.48
Extinction coefficient, Micm? 100 000
Brightness* 48.0
Brightness, % of EGFP 148
pKa 38
Structure monomer
Aggregation no
Maturation rate at 37°C fast
Maturation half-time, min 100
Photostability medium
Photostability, widefield*** 48
Photostability, confocal*** 125
Cell taxicity not observed

* Brightnass s 3 procuc: of Qxinciion coRMclan: 3nd QUANTIMY Ikd, civided ty 1 000,
*** Tima  blkeach 50% of fucrescern SEna trighness.

Performance and use

TagRFP can be easily expressed and detected in awide range of organisms. Mammalian cells
transiently transfected with TagRFP expression vectors produce bright fluorescence in 10-12 hrs
after transfection. No cytotoxic effects or visible protein aggregation are observed. High pH
stability with pKa=3.8 makes it possible to use TagRFP for imaging in acidic organelles, such as
late and recycling endosomes and lysosomes.

TagRFP performance in protein fusions has been demonstrated in fibrillarin, vinculin, zyxin, 8-
actin, a-tubulin, and other models.

TagRFP suitability to generate stably transfected cells has been proven by Marinpharm compary.
Cell ines expressing TagRFP are commercially available.

TagRFP can be used in multicolor labeling applications with blue, cyan, green, yellow, and far-red
fluorescent dyes.

TagRFP is ideally suitable for use as an acceptor for FRET with Evrogen green fluorescent protein
TagGFP2. The cakulated Forster distance (RY = 5.7 nm) for the TagGFP2-TagRFP pair is one of

Figure 1. Tag Red Fluorescent Protein (TagRFP)
characteristics. Excitation (thin line) and emission
(thick line) spectra (a) and main properties (b).
Adapted from TagRFP evrogen specifications.
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Appendix Il = Indexing primers sequences from Cellecta

Table 1. Indexing primers sequences used for identification of samples for next-generation

sequencing step.

Ind1 AATGATACGGCGACCACCGAGAGGTTCAGAGACGTACAGTCCGAAA
Ind2 AATGATACGGCGACCACCGAGAGGTTCAGATTATTACAGTCCGAAA

Ind3 AATGATACGGCGACCACCGAGAGGTTCAGAAGTATACAGTCCGAAA
Ind4 | AATGATACGGCGACCACCGAGAGGTTCAGACCGCTACAGTCCGAAA
Ind5 AATGATACGGCGACCACCGAGAGGTTCAGAAACCTACAGTCCGAAA
Ind6 | AATGATACGGCGACCACCGAGAGGTTCAGATGTTTACAGTCCGAAA

Ind7 | AATGATACGGCGACCACCGAGAGGTTCAGAATAATACAGTCCGAAA
Ind8 | AATGATACGGCGACCACCGAGAGGTTCAGAGCGGTACAGTCCGAAA
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Appendix Ill = BCA assay (working range 20-2000 pg/mL)

Preparation of Standards and Working Reagent (required for both assay procedures)
A. Preparation of Diluted Albumin (BSA) Standards

Use Table 1 as 2 guide to prepare 2 set of protein standards. Dilute the contents of one Albumin Standard (BSA) ampule into
several clean vials, preferably using the same diluent as the sample(s). Each 1mL ampule of 2mg/mI Albumin Standard is
sufficient to prepare a set of diluted standards for either working range suggested in Table 1. There will be sufficient volums
for three replications of each diluted standard.

Table 1. Preparation of Diluted Albumin (BSA) Standards
Dilution Scheme for Standard Test Tube Protocol and Microplate Procedure (Working Range = 20-2.000pug/mL)

Volume of Diluent Volume and Source of BSA ~ Final BSA Concentration

Vial (9] L) (uz/ml)

A 0 300 of Stock 2000

B 125 375 of Stock 1500

C 325 325 of Stock 1000

D 175 175 of vial B dilution 750

E 325 325 of vial C dilution 500

F 325 325 of vial E diluton 250

G 325 325 of vial F dilution 125

H 400 100 of vizl G dilution 25

I 400 0 0 =Blank

Dilution Scheme for Enhanced Test Tube Protocol (Working Range = 5-250ug/mL)
“olume of Diluent Volume and Source of BSA Final BSA Concenfration

Vial (L) ul) (uz/mL)

A 700 100 of Stock 250

B 400 400 of vial A dilution 125

C 450 300 of vial B dilution 50

D 400 400 of vial C dilution 25

E 400 100 of vial D dilution 5

F 400 0 0 =Blank

B. Preparation of the BCA Working Reagent (WR)
1. Use the followmg fornmila to determune the total volume of WR requred:
(= standards + # unknowns) = (# replicates) = (volume of WR per sample) = total volume WR required
Example: for the standard test-tube procedure with 3 unknowns and 2 replicates of each sample:
(9 standards + 3 unknowns) = (2 replicates) = (2mL) = 48mL WR. required
Note: 2.0mL of the WR is required for each sample in the test-mabe procedure, while only 200uL of WR reagent is
Figure 2. Preparation of standards (A) and working reagent (B) in a working range
between 20-2000 pg/mL for BCA protein assay. Adapted from Pierce BCA Protein Assay
kit (Thermo Fisher Scientific)
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Appendix IV — BCA standard curves for different cell lines using Bovine Serum Albumin
(BSA) as a standard protein

BCA LCC1 and LCC9

1,000
0,750 y = 1,2011x + 0,2611
Rz = 0,9985
3 0,500
20,
0,250
0,000
0 0.1 0.2 03 04 05 06

[protein] ug/uL

Figure 3. BCA standard curve for LCC1 and LCC9 cell lines in the absence of
fulvestrant by using Pierce BCA Protein Assay kit working range in appendix .
Protein concentration are based on standard protein BSA and plotted vs BSA
absorbance at 560 nm.

BCA LCC1 and LCC9

1,000
0,750
y=1,4727x + 0,2804

" Rz = 0,9809
-<?i 0,500

0,250

0,000

0 0,1 0,2 0,3 0,4 0,5

[protein] ug/uL

Figure 4. BCA standard curve for LCC1 and LCC9 cell lines in the presence
of fulvestrant by using Pierce BCA Protein Assay kit working range in
appendix Il. Protein concentration are based on standard protein BSA and
plotted vs BSA absorbance at 560 nm.
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BCA MCF-7/FRs
1,000

0,750
y =0,9972x + 0,1528

0,500 R2 = 0,9987

0,250

0,000
0 0,2 0,4 0,6 0,8 1
[protein] (pug/pL)

Figure 5. BCA standard curve for MCF-7 and FRs cell lines in the absence and
presence of fulvestrant by using Pierce BCA Protein Assay kit working range in
appendix Il. Protein concentration are based on standard protein BSA and

plotted vs BSA absorbance at 560 nm.

BCA T47-D
1,000
0,750 y =0,8953x + 0,1221
R2=0,9954

2
g 0,500

0,250

0,000

0 0,2 0,4 0,6 0,8 1

[protein] (ug/uL)
Figure 6. BCA standard curve for T47-D cell lines in the absence and presence
of fulvestrant by using Pierce BCA Protein Assay kit working range in appendix
II. Protein concentration are based on standard protein BSA and plotted vs BSA
absorbance at 560 nm.

BCA ZR75

1,000

0,800
,, 0,600 y = 1,1973x + 0,1489
3 R? = 0,9985

0,400

0,200 |

0,000 |

0 0,2 0,4 0,6 0.8 1

[protein] (ug/uL)
Figure 7. BCA standard curve for ZR75 cell lines in the absence and presence of
fulvestrant by using Pierce BCA Protein Assay kit working range in appendix II.
Protein concentration are based on standard protein BSA and plotted vs BSA
absorbance at 560 nm.
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Appendix V — MOI vs % of transduced cells and titer formula calculation example

MOI = viral integrants/cell
Titer = MOI X cells at infection X ml pseudovirus used = TU/ml

Example: if 10 pl of pseudovirus used to infect 1 X 107 cells resulted in 20% RFP-positive cells, the
titer is 0.23 (MOI)* x 100,000 cells / 0.010 ml = 2.3 X 10° TU/ml

* To convert % of infected cells to MOI, refer to the table below:

% transduced cells:| 10 20 30 40 50 60 70 80 90 >907T
MOI:| 0.1 (0.23|/0.36(0.51| 0.7 [0.93|1.22|1.64| 2.3 >2.5T

T MOI cannot be reliably calculated if % of transduced cells is >90%.

Note: Depending on cell type, you may need to wait 72 hours after transduction before estimating
titer by RFP fluorescence.

TITER CHART

100
90
80 *

70 ]

60

50

40

% infected cells

20
10

0 05 1 15 2 25
MOI (integrations/cell)

Figure 8. Multiplicity of infection (MOI) and respective % of transduced cells upon
infection with viral particles. Titer formula calculation example based on Red
Fluorescent Protein fluorescence is given by a titer chart plotting % of infected cells vs
MOI. Adapted from Cellecta manual v5 and v7 (Cellecta)
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Appendix VI - Lentiviral ShRNA expression vector pRSI9-U6-(sh)-UbiC-TagRFP-2A-Puro

(HTS3 cassette)

RSV SLTR Cellecta pRSI shRNA Expression
” Lentiviral Vector.
AmpR/ >
y / ¥\, RRE Fully Customizabls.
o b g (Defautt features shown)

LS

\J

pRSI-U6-(sh)-UbiC-

RFP-2A-Puro

pUC ORI -~ -7.5-85kb

SV40 ORI %

SV40 PolyA
TALTR RFP
o

Markers:

« for consununve ShRNA
expression, any combination of
2 mankars (GFP, RFP, Puro”,
Bleo”, Neo®, Hygro-HK, efc.)

«— BNRNA promoter:

ue

ey o Ue  Ue-Tet

Boor™ | B HiTet

UbiC

\ Marker promoter:

nUDIC CMV
NEF1ia CMV/Femitin
nPGK

« for rer-reguiarad ShRNA
exprassion, any combination of
Tet Repressor (TetR) and one of
w0 markers (GFP, RFP, Puro®,
Bie0”, Neo®, Hygro-HK, efc.)

Standard library expression vector used for library construction. Specific
vanations shown are available with custom libraries.

HTS3 Cassette (DECIPHER pRSI9-U6-(sh)-HTS3-UbiC-TagRFP-2A-Puro-dW):
Amplicon Size, 2 round PCR: 106 bp

Primer Name Used for Sequence (IDT preferred)
FwdHTS (was FwdHTS2) 1* Round 5° -TTCTCTGGCAAGCAARAGACGGCATA-3 "
RevHTS (was RevcPPT-5) 1* Round 5° -TGCCATTTGICTCGAGGTCGAGAA-3"
FwdGex (was Gex1MS) 2"¢ Round 5" -CAAGCAGAAGACGGCATACGAGA-3"'
RevGex (was Gex2M) 2™ Round 5 -AATGATACGGUGACCACCGAGA-3
GexSegN HT Sequencing 5° -ACAGTCCGAAACCCCAAACGCACGAA-3" (EFLC Purified)
FwdU6 (was Fwd-U6-1) Standard sequencing | 3 -CAARGGCTGTTAGAGAGATAATIGGRA-3'
FwdU6-2 Standard sequencing | 5’ -CCTAGTACAARATACGTGACGTAGAA-3'

Figure 9. pRSI9-U6-(sh)-HTS3-UbiC-TagRFP-2A-Puro-dW lentiviral ShRNA expression
vector. Constitution elements of lentiviral ShRNA expression vector (a) and information
regarding the size of the amplicon and the sequence of primers used in 1%, 2" round of
PCR and sequencing steps (b). Adapted from Cellecta manual (Cellecta)
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Appendix VIl - HSD17B10 and HSPE1 genes associated to important molecules related
with endocrine resistance evaluate by IPA

© 2000-2016 QIAGEN. All rights reserved.

Figure 10. Network 2 (score probability of 12) associated to cell morphology, cellular assembly and
organization and cellular development retrieved from IPA of candidate genes from shRNA library 1
screening. HSD17B10, HSPE1 and MBP molecules (depicted in green) are represented in this
network along with AKT1, JUN, FOS, FYN, TNF and IGF1 (not coloured).
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Appendix VIII — HSD17B10 expression in the absence and presence of fulvestrant in
LCC1 and LCC9 cells

LCC1 LCC9 LCC1 LCC9
(+FULV) (+FULV)

- - 017810

- - e

Figure 11. Western-blot analysis of HSD17B10 protein expression in
fulvestrant-sensitive (LCC1) and fulvestrant-resistant (LCC9) cell lines in the
absence and presence of fulvestrant (+FULV). The western-blot results
shown are representative of three independent experiments. B-actin was
used as a loading control.
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