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ABSTRACT

Ovarian cancer (OC) is the most lethal gynecological tumour due to its extremely silent
invasive capacity. The high mortality of OC is often determined by a therapeutic failure
caused by the development of pharmacological resistance. In this context, recent studies have
shown that the condition of therapeutic resistance is influenced by the cellular metabolic state
and mitochondrial bioenergetic efficiency. Interestingly, it has been reported that in OC the
chemoresistance acquirement is associated with the epigenetic silencing of DNAJC15 gene
that encodes for MCJ mitochondrial co-chaperonine. The latter is reported as an endogenous
negative regulator of electron transport chain (ETC), able to modify the structure and function
of mitochondrial respiratory chain supercomplexes. It is known from the literature that OC
growth and chemoresistance is often mediated by the activation of oncogenic pathways, such
as Wnt/B-catenin axis, that can in turn be finely regulated by the mitochondrial energy state.
We have therefore hypothesized that MCJ, modulating the bioenergetic profile, may lead to
the re-establishment of pharmacological sensitivity of OC. In this context, our data showed an
increased sensitivity to cisplatin and lower proliferative and migratory capacities of MCJ-
over-expressing chemoresistant cell line. Further, by analyzing the mitochondrial
bioenergetics we showed that the expression of MCJ in cisplatin-resistant cells confers a
respiratory profile similar to the cisplatin-sensitive model. In addition, we observed that the
MCJ over-expression was able to increase ROS production in both chemosensitive and
chemoresistant cells. Since intracellular ROS are able to modulate oncogenic pathways, such
as Wnt/B-catenin signaling, we investigated this molecular axis showing a decreased B-catenin
expression levels associated with lower downstream multi-drug resistance proteins and
epithelial-mesenchymal transition players in the MCJ-over-expressing chemoresistant cell
line. Based on these data, we speculate that the over-expression of MCJ in OC chemoresistant
cells may modulate the ETC activity and ROS production, inducing p-catenin degradation,
which in turn leads to a reduction of both cisplatin-resistance and proliferation. The dissection
of these novel molecular and metabolic-related mechanisms in which MCJ is involved, sets
the bases for new insights that make such chaperonine a newsworthy factor for this silent

killer disease.



INTRODUCTION

1. Ovarian cancer features

1.1 Ovarian cancer epidemiology and histopathology

Ovarina cancer (OC) is an epithelial malignant gynecological lesion that affects ovaries and
nearby tissues, with variable proliferative capacity based on the istotype of the tumor. The
age-changed occurrence of this disease is 12.5 per 100.000 women (Siegel RL et al., 2020)
with a decrease of under 1%. The frequency of OC occurence and mortality rate tend to
increment with age and most instances of ovarian tumor occur in women more established
than 50 years. Although this type of cancer has a very low incidence (3% among all cancers),
it is the fifth reason for death caused by cancer in women with five-year survival rates below
45% (Siegel RL et al., 2020), due to its silent and completely asystomatic invasive capacity.
Indeed, when the patients present classic symptoms such as abdominal pain and discomfort,
they have an extremely widespread and metastasizing advanced stage cancer in the abdominal
cavity. There are several well-established risks and protective factors for epithelial ovarian
cancer, most related to reproductive and hormonal factors (Friedman GD et al., 2005; Goff
BA et al., 2007). Higher parity, oral contraceptive use and tubal ligation all significantly
reduce the risk to develop this type of cancer; instead, family history of ovarian or breast
cancer, older menopausal age, obesity, menopausal hormone therapy use, endometriosis
history and smoking can all increase the risk (Thigpen T et al., 1993; Young RH et al., 1994;
Vo C et al., 2007). The peculiarity of ovarian tumor resides in its ability to metastasize not
only through the blood circulation, disseminating metastatic sites even in organs
physiologically distant from the site of origin, but also by spreading through the abdominal
cavity, creating a widespread carcinosis at the level of peritoneal fluid called ascites. The fact
that ovarian cancer cells are able to disseminate and progress through peritoneal interstiches
such as the omentum, allows the establishment of distant metastatic niches also at the enteric,

stomachs, diaphragmatic and pulmonary locations (Ozols RF et al., 2000) (Figure 1).
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Figure 1. Scheme of the OC mechanism of primary tumor-spreading and metastasization.
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The most common subtypes  of  ovarian  cancer are  serous, endometrioid, clear-
cell, and mucinous carcinoma whereas transitional carcinoma and Brenner’s tumors formed
by transitional cells are less common (Seidman JD et al., 2000; Prat J, 2012). Although these
subtypes were grouped together in the past and designated as epithelial OC, these types of
tumors are now recognized as distinct entities with different clinical and biological behaviors.
However, from a clinical point of view, present regimens, use conventional chemotherapy
based on phase and grade rather than histotype of the disease (Wentzensen N et al., 2016).
Indeed, it is now well-accepted that high- and low- grade serous carcinomas constitute distinct
entities rather than a collection of the same type of tumor. Although they are similar in
patients with advanced stage disease, their histological and molecular characteristics are
completely different: TP53 mutations are associated with high-grade serous carcinoma, while
low-grade serous carcinomas are associated with BRAF and KRAS mutations (Leskela S et al.,
2020; Bell D et al., 2011). Typically, endometrioid and clear cell carcinomas are present as
early-stage diseases and related to endometriosis. Mucinous carcinomas are usually present as
large unilateral mass and sometimes displays area of mucinous cysto-adenoma and mucinous
borderline tumors (Wang YK et al., 2017). It is therefore imperative that these tumors be

precisely subtyped, based primarly on morphology and immunohistochemistry studies.



1.2 Ovarian cancer care: from diagnosis to treatments

Ovarian cancer is staged by the FIGO (International Federation of Gynecology and
Obstetrics) classification, which considers the degree of involvement of tissue, lymph nodes
status and the extent of the metastases (Schumer ST et al., 2003). As a result, stage | and stage
Il cancers are confined to the pelvic cavity and are referred to as early stage; instead, stage IlI
and stage IV cancers that spread into the abdominal cavity are classified as advanvced stage
tumors (Prat J, 2015). Early detection of ovarian cancer provides an opportunity for
successful treatment; however, early diagnosis of ovarian cancer is rare due to lack of
symptoms at an early stage. Just one-fourth of patients with ovarian localized disease have a
5-year survival rate of 92%, while more than 75% shows advanced stage disease, with a 5-
year survival rate ranging from 15% to 25% (Raja FA et al., 2012; Salani R et al., 2011).
Since most patients are diagnosed with an advanced stage of the disorder, there is a high

fatality-to-case ratio of all gynecological malignancies (Holschneider CH et al., 2000).

Normal treatment for advanced ovarian cancer is primary cytoreductive surgery followed by
platinum-based chemotherapy (Angioli R et al., 2006). Cytoreductive surgery is performed to
reliably diagnose, removing perfumed tissue that may cause disease and reduce the mass of
tumors to improve adjuvant chemotherapy (Bristow RE et al., 2002; Zhu L et al., 2005). The
utilization of cisplatin or carboplatin in the chemotherapy regimen for advanced ovarian
cancer has proven to be a significant landmark among all types of OC treatments. Cisplatin is
a drug that is able to bind to the nuclear DNA, resulting in interference with transcription
and/or DNA replication and, ultimately, cell death induced by cell repair machinery (Fuertes
MA et al., 2003). Platinum-based combination chemotherapy has been demonstrated better
clinical response (CR) and progression-free interval (PFS) comparing to other agents (i.e.
alkylating agents) alone or combinations without cisplatin (McGuire WP et al., 1996). Among
all the combined treatments, Carboplatin-paclitaxel combination therapy had been shown to
achieve a CR ranging from 50% to 81% and a median PFS ranging from 13.6 to 19.3 months.
Numerous studies had shown that the combination of these two drugs is well tolerated by
patients affected by advanced ovarian cancer (Ozols RF, 2000). At the end of therapy, mean
global quality-of-life ratings were statistically slightly higher for the utilization of carboplatin-
paclitaxel rather than singular treatments (65.25 vs 51.97) (du Bois A et al., 2003). Other
reports have found that the quality of life has increased over time with the carboplatin and
paclitaxel combined therapy relative to cisplatin and paclitaxel ones (Meier W et al., 1999).

These groundbreaking trials have identified the mixture of carboplatin-paclitaxel as the firs-
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line standard care for advanced ovarian lesions. During OC progression, environmental
factors in poorly vascularized areas contribute to cells being quienscent and not responding to
carboplatin and paclitaxel. Recently, in 3D OC models, it has been demonstrated that less
than 40% of cancer cells are estimated to be proliferative (Riggs MJ et al., 2020). Moreover, a
new approach namely hyperthermic intraperitoneal chemotherapy (HIPEC), has been used to
kill poorly vascularized tumors with some success. A Multicenter, Phase 3 open-label study
on patients with stage 111 disease of ovarian lesion showed that the use of HIPEC contributed
to longer recurrence free survival and overall survival than surgery alone. This suggested that
HIPEC could be used as a part of first line care and second line therapy for chronic conditions
in the treatment of ovarian cancer (Riggs MJ et al., 2020).

Furthermore, new-targeted therapies were developed in the last 10 years. For example, Poly
[ADP-ribose] polymerase (PARP) inhibitors trials were focused on patients with mutations in
BRCA gene (Breast cancer type 1 susceptibility protein, involved in homologous
recombination repair pathway). BRCA mutations occur in approximately 15% of patients
affected by OC (Neff RT et al., 2017). A seminal Phase Il study presented clinical proof of
olaparib (as PARP inhibitor) activity in patients that have and not have BRCA mutations
(Gelmon KA et al., 2011). The pharmaceutical approval was based on a Phase 11 evaluation of
the patients with germline BRCA mutations of that population with a response rate of 46% in
platinum-sensitive patients and 30% in platinum-resistant patients (Gelmon KA et al., 2011).
In a randomized, double-blind, Phase Il study in patients affected by highe-grade platinum-
sensitive OC, who had undergone at least two prior platinum regimens and currently in the
lasting response to platinum-based therapy, olaparib maintenance treatment decreased the risk
of cancer progression by 65% and almost doubled the average PFS time (Ledermann J et al.,
2012). Despite the efficacy of the treatment, all PARP-inhibitors showed gastrointestinal and
hematologic toxicity, which can be problematic especially for patients on maintenance
therapy, who have already been treated with a myelosuppressive regimen (LaFargue CJ et al.,
2019). In 2011, was demonstrated by Burger RA et al. that the use of bevacizumab (Avastin),
a humanized anti—vascular endothelial growth factor (VEGF) monoclonal antibody, in
patients with advanced epithelial ovarian cancer for up to 10 months after carboplatin and
paclitaxel chemotherapy, prolongs the median PFS for about 4 months. In the EU,
bevacizumab, in combination with conventional carboplatin and paclitaxel, is indicated as the
front-line treatment of patients with advanced (stages I11B, I1IC and 1V) epithelial ovarian,

fallopian tube, or primary peritoneal cancer (Marchetti C et al., 2019). In 2020, the Food and



Drug Administration (FDA), extended the inclusion of olaparib, as well as bevacizumab, in
combination as first-line chemotherapy of epithelial OC, fallopian or primary peritoneal
cancer, in patients completely or partially reacting to first-line platinum-based chemotherapy

and who have cancer associated with homologous recombination deficits (Walsh CS, 2020).

1.3 Ovarian cancer chemotherapy resistance and relapses

First-line carboplatin and paclitaxel chemotherapy produces enhanced CR; however,
recurrence occurs in 25%of patients with early-stage disease and in more than 80% of patients
with advanced disease (O’Toole O’Leary SJ, 2011). The majority of advanced ovarian cancer
patients undergo relapse within 2 years of initial combination chemotherapy (Gottesman MM,
2002). Chemo-resistance to conventional chemotherapy regimens has now arisen as a
significant challenge. Drugs resistance is one of the most important causes for failure of
chemotherapy in advanced ovarian tumours. Resistance to chemotherapy can be classified in
two subtypes: the innate chemo-resistance, where cancer cells are naturally drug-resistant, and
adaptative chemo-resistance, which can be acquired during the therapeutical treatments
(Rubin SC et al., 1999). The acquired chemo-resistance can occur due to genetic and
epigenetic alternations that can enhance cancer cells response to chemotherapy-mediated
effects such as oxidative stress, DNA damage and apoptosis (Armstrong DK, 2002).
Therefore, chemo-resistance results as a multifactorial phenomenon that needs to be
investigated properly, with the final goal of deciphering chemo-resistance pathways and
defyning new targeted-drugs in order to re-estabilish therapeutical sensitivity (Lippert TH et
al, 2011; Zahreddine H et al., 2013). Despite the initial response to optimal surgery and
combined carboplatin and paclitaxel chemotherapy, around 70-80% of patients develop
chemo-resistant recurrences. Nodules recurrence was observed in 38% of all recurrences,
usually in tandem with peritoneal recurrence and abdominal diffuse carcinosis. Isolated
remote metastases are an unusual form of recurrence (8%) (Amate P. et al., 2013). The
biggest challenge remains the difficult detection of patients pre-disposed to chemo-resistance,
as there are no available tests to direct clinicians to make decisions to adjust the course of care
prior to chemotherapy. Further, while existing treatment regimens are set linear procedures,
cancer biology is a highly dynamic and complex field. Adapting a preventive technigque using
a system-based approach to temporal biology and spatial differences of tumors is a futuristic
goal in oncology (Gatenby RA et al., 2009).



1.4 Main molecular pathways involved in ovarian cancer chemoresistance

The delineation of molecular signatures in the field of ovarian lesions has paved the way for
biomarker discovery. Over the last decade, omics approaches applied to the clinic have led to
the detection of biomarkers in advanced ovarian cancer that helps scientific researchers to
elucidate cellular molecular pathways that dictate drug resistance, to develop novel clinical
methods to resolve resistance to therapy and to develop the right chemotherapy approach and
improve patient management. Further, help to forecast the tumour response to the
chemotherapy regimen, allowing treatments to be given to patients who would benefit and
avoid the adverse effects of chemotherapy (Sehrawat U et al., 2016). In the field of cancer
biology, a lot of genes, MRNA and proteins have been identified as involved in mechanisms
underlying therapeutical resistance. In particular, according to the knowledge in literature, the
molecular mechanisms of chemoresistance includes transporter pumps, oncogenes, tumor
suppressor genes, mitochondrial alterations, DNA repair systems, autophagy, epithelial-
mesenchymal transition (EMT) players, cancer stemness, and exosomes (Brasseur K et al.,
2017; Lu C et al., 2008).

In most cases, drug resistance has the characteristics of multiple drug resistance (MDR),
namely the insensitivity of cancer cells not only to drugs previously used, but also to many
other drugs with various chemical structures and mechanisms of action (Lu C et al., 2008).
Many of the compounds used in chemotherapy act as cytotoxic agents rather then as
cytostatic. While cancer cells evolve different mechanisms for resistance to cytotoxic drugs,
the main players involved in MDR are the ATP-binding cassette (ABC) drugs proteins. The
latters, use ATP hydrolysis energy to actively transport drugs from the cytosol of cance cell to
the extracellular environment (Altenberg GA, 2004). The most important drug carrier is
glycoprotein P (P-gp) encoded by the multidrug resistance protein 1 gene (MDR1, ABCB1)
(Choi CH, 2005). Expression of this protein has been observed in more than 50% of MDR-
phenotype cancers and may be inherent or induced by chemotherapy (Moitra K et al., 2011).
The second most significant drug carrier is the breast cancer resistant protein (BCRP)
encoded by the ABCG2 gene, first cloned from the MCF-7 breast cancer cell line (Doyle LA
et al., 1998). Highly regulated expression of BCRP has been observed in many cancers,
including breast cancer (Zhang F et al., 2011) and ovarian cancer (Maliepaard M et al., 1999),
and it is known to be regulated, together with P-gp, by oncogene-related pathway such as
Whnt/B-catenin, that is known as able to increases the defense of cancer cells from a lot of

pharmacological compounds (Chikazawa N. et al., 2010). Others essential ABC transporters
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involved in cancers MDR include MRP1 and MRP2 (MDR1-related protein 1 and MDR-
related protein 2) encoded by ABCC1 and ABCC2 genes, respectively (Leonard GD et al.,
2003; Cole SP et al., 1992; Fardel O et al., 2005). Substrates used by MRP1 are similar to
those used by P-gp, with the exception of taxanes (Ozben T, 2006). Instead, cisplatin and/or
carboplatin is the main substrate of MRP2 (Ozben T, 2006; Robey RW et al., 2007).

For what concern the activation of oncogenes and/or inactivation or tumor suppressor genes
during chemotherapy, TP53 oncosuppressor gene play a key role in OC progression and
chemoresistance as its genetic alteration is defined as predominant (Zhang Y et al., 2016).
The encoded p53 protein is a nuclear transcription regulator involving in several cellular
processes (Mantovani F et al., 2018). By binding to DNA, p53 regulates hundreds of target
genes to preserve homeostasis and genome integrity. p53 is able to activate DNA repair
proteins when DNA has sustained damage, stop cell growth by keeping the G1/S cell cycle,
allow DNA repair, and initiate apoptosis if the DNA damage is irreparable (Brosh R et al.,
2009). Numerous stimuli have been shown to trigger p53, including UV or gamma-induced
DNA damage, inappropriate proto-oncogenic activation, mitogenic signaling, cellular
oxidative stress and hypoxia (James A et al., 2014; Brooks CL et al., 2010). Once triggered,
p53 can induce cell cycle arrest, senescence, apoptosis or ferroptosis, depending on the cell
context, by promoting the expression of a variety of genes crucial to the previous mentioned
cellular functions (Jiang L et al., 2015; Chen J, 2016). Moreover, p53 induces the expression
of p21, responsible for the cell cycle arrest on G1 phase and senescence (el-Deiry WS et al.,
1993). In this context, the role of TP53 mutations in OC occurrence and progression was also
demonstrated in vivo showing that ovaries and falopian tubes, harbouring TP53 mutations,
tend to acquire a high-grade serous more aggressive phenotype (Kim J et al., 2015). For
instance, another recent study, by using an ultra-deep sequencing, showed a higher amount of
TP53 mutants cells in the peritoneal ascitic fluid of women with high-grade serous OC
(Krimmel JD et al., 2016). Therefore, it is now recognized that p53 oncosuppressor must be
identified as a biomarker for cancer risk, prognosis and response to current therapy.

Furthermore, hypoxia is a typical feature of a significant number of malignant tumors and
increased hypoxia-inducible factor-1a (HIF-1a) expression, predicts a weak ovarian cancer
prognosis. In particular, it has been reported a strong relationship between hypoxia condition
and cancer stem-like properties in human ovarian cancer cell lines (Qin J et al., 2017).
Interestingly, by performing the knockdown of endogenous HIF-1a, significantly alleviates

the chemotherapeutic resistance and promotes G1/S cell cycle transition resulting in an



increased sensitivity of OC cells to conventional therapies under hypoxic condition (Huang L
et al., 2010).

A small subset of "tumor initiating cells" has been detected in ovarian cancer as previously
observed in other tumor types (Abubaker K et al., 2013; Alwosaibai K et al., 2017; Bapat SA
et al., 2005). These cells exhibit mesenchymal and stem-like characteristics and are intended
to drive the initiation of the tumor (Pattabiraman DR et al., 2014). EMT's contribution to
triggering ovarian cancer has been indicated by the discovery that EMT induction caused the
repression of pairbox protein 2 (PAX2), a transcription factor that maintains the oviductal
epithelial cell differentiation status (Alwosaibai K et al., 2017). Different stimuli like TGF-,
a strong EMT inducer in follicular fluid released during ovulation, could trigger EMT process
and subsequent production of high-grade OC precursor lesions (Alwosaibai K et al., 2017;
Newsted D et al., 2018). A lot of in vitro and in vivo studies had shown that cells that are
resistant to carboplatin and/or paclitaxel, tend to acquire a mesenchymal phenotype that lead
to the envision of the EMT process as a therapeutic resistance engine (Baribeau S et al., 2014;
Chowanadisai W et al., 2016; Haslehurst AM et al., 2012). Growing evidence shows that PI-
3K/AKT/NF-kB- and JAK/STAT-pathways can cause and be involved in resistance to
chemotherapy. In particular, PI-3K/AKT pathway is frequently activated in OC resistant cells
and triggers EMT by inducing the B-catenin pathway that flow on downstream EMT players
such as SNAIL and SNAI2 (SLUG), TWIST1/2, as well as the already mentioned ABC drug
transporters (Shayesteh L et al., 1999). Additionally, resistin that is a macrophage-related
cytokine, showed the importance of the JAK/STAT pathway in EMT-mediated
chemoresistance. This cytokine mediates the in vitro and in vivo induction of platinum
resistance, EMT, and stemming by binding Toll-like receptor 4 (TLR4), as well as stimulating
the NF-kB-STAT3 pathway (Bugide S et al., 2017; Teeuwssen M et al., 2019). In addition,
the inverse mesenchymal-epithelial transition (MET) process is required to form a
macroscopic metastasis and EMT transcription factors are often down-regulated (Brabletz T,
2012). Therefore, the leading factors that govern this phenomenon, such as Zebl, Zeb2, Snail,
Slug, and Twist1/2, are all able to induce EMT but also have different non-redundant tissue-
and context-specific roles. They may also affect the regulation of each other, leading to a
complex regulatory network (Stemmler MP et al., 2019). A deeper understanding of how
EMT affects the development and therapy resistance of ovarian cancer clearly warrants more

study.



2. Mitochondria and Cancer

It is well known that most tumors are capable to increase the uptake and oxidation of glucose
producing energy even in the presence of oxygen (aerobic glycolysis). This peculiar feature
led Otto Warburg to propose that mitochondrial respiration deficiencies are the fundamental
basis for aerobic glycolysis occurrence and tumour energetic support (Warburg O, 1956).
Indeed, the "Warburg effect” is nowdays the basis for FDG- positron emission tomography
(PET) tumor imaging, which is commonly used by clinicians for the diagnosis of the
metastasis and aggressiveness of tumors (Gallamini A et al., 2014). However, during the last
15 years with the development and applications of the omics approaches in the oncological
field, it clearly emerged that not all tumors possess the metabolic feature of aerobic glycolysis
(Danhier P et al., 2017). In particular, cancer cells acquire a metabolic plasticity in the use of
oxidative phosphorylation (OXPHQOS) or glycolysis to adapt to the adverse microenvironment
(Obre E et al., 2015; Zong WX et al., 2016; Vander Heiden MG and DeBerardinis RJ, 2017;
Faubert B et al., 2020). Indeed, metabolic reprogramming of tumor cells is thought to be a
result of metabolic adaptation involving mutations in oncogenes, dysregulating the expression
of metabolic enzymes and the flows of metabolic pathways and thus influencing the whole
cellular metabolism. In this framework, the metabolic rewiring it has been stated as an
hallmark of cancer since uncontrolled proliferation that is the peculiarity of neoplastic disease
is based on both alterated control of cell divison and adjustments of energy metabolism for
supporting building blocks production (Hanahan D and Weinberg RA, 2011; Faubert B et al.,
2020; Lee NCW et al., 2018; Boroughs LK et al., 2015). It is interesting to note that several
studies highlighted the contribution of metabolic reprogramming also in chemotherapy
resistance occurence (Cardoso MR et al., 2018; Rahman M et al., 2015; Maria RM et al.,
2017). Further, the concept of metabolic rewiring is not only limited to an increased glucose
uptake and use (Shukla SK et al., 2017), but also to the oxidation of other substrates such as
glutamine, serine, glycine or acetate (Mashimo T et al., 2014; Jain M et al., 2012; Maddocks
OD et al., 2016; Metallo CM et al., 2011). These data clearly underline that cancer cells are
able to adapt to the use of different substrates due to their flexibility in the utilization of
glycolysis, OXPHOS and FAO as resource of energy depending on the microenvironment
influences (Corbet C et al., 2016). In the scenario of metabolic plasticity and rewiring,
mitochondria are a pivotal hub since these organelles regulate the cellular profile in terms of
bioenergetic and biosynthesis both in physiology and pathophysiology context (Jia D et al.,
2018). Mitochondria are parental highly conserved cytoplasmic organelles derived from
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symbiotic bacteria (Wallace DC, 2012). They co-evolved with their host, so that most
mitochondrial proteins were nuclear encoded. Mitochondria, however, retains a small 16 Kb
DNA genome (MtDNA) that encodes tRNAs and rRNAs and 13 proteins of respiratory
complexes that constitute the OXPHOS system. As bioenergetic and biosynthetic organelles,
they are responsible for many biochemical pathways as fatty acid oxidation (FAO),
tricarboxylic acid (TCA) cycle, oxidative phosphorylation, and are involved in the synthesis
of amino acids, lipids, nucleotides, heme and iron sulfur clusters, as well as NADPH for their
own antioxidant protection. NADH and FADH: formed by TCA cycle activity are oxidized
by the electron transport chain (ETC), generating across the inner mitochondrial membrane
the electrochemical gradient that is used by FoFi-ATP synthase complex for ATP production
(Murphy E et al., 2016). In particular, the chemiosmotic coupling of the ETC to OXPHOS
includes the activities of four multisubunit enzyme complexes: complex | (Cl; NADH-
ubiquinone oxidoreductase); complex Il (Cll; succinate-quinone oxidoreductase) complex il
(CHII; cytochrome bcl complex); complex IV (CIV; cytochrome c oxidase); and ATP
synthase (complex V [CV]) as the site of OXPHOS, various assembly proteins and two
electron carriers (ubiquinone and cytochrome c) (Sirey TM et al., 2016). The five enzyme
complexes contain about 100 different proteins in mammals. They are unique since their
protein component originated from two distinct genomes (mitochondria and nucleus). In
particular, the mitochondrial genome codes for 13 subunit proteins (7 Cl, 1 Clil, 3 CIV and 2
CV), but the majority of ETC proteins are encoded by the nuclear genome, translated in the
cytoplasm and introduced into the mitochondria (Sirey TM et al., 2016). Due to the presence
of hundreds of mitochondria in a cell and thus a variable number of mtDNA (polyploidy),
with the onset of a mtDNA mutation these organelles can exhibit a condition known as
heteroplasmy, in whose mutant genomes coexist with wild-type genomes. Depending on the
degree of heteroplasmy, cells can show different effects on mitochondrial functions. In
addition, mtDNA mutations can occur in both somatic and germline inducing defect in
specific cells, tissues or in the whole organism and leading pathologies such as cancer and
neurodegeneration (Nunnari J and Suomalainen A, 2012; Yan C et al., 2019; Perrone AM et
al., 2018; Gasparre G et al.,, 2011). Nonetheless, there is debate about the pathological
importance of mtDNA mutations in cancer cells (Frezza C and Gottlieb E, 2009). A study on
1675 tumors revealed that mtDNA mutations are not permissive for cancer development and
invasions showing that severe mtDNA mutations, such as nonsense substitutions and
frameshift indels, may cause a severe energetic impairment and thus are negatively selected in

cancer cells. These data also suggest that a certian degree of respiraratory chian function may
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be necessary for carcinogenesis and tumor progression (Ju YS et al., 2014; lommarini L et al.,
2013). It is interesting to note that oncocytic tumors are the exception to this rule since they
are characterized by the accumulation of mtDNA. However, a clear correlation between
pathogenic mtDNA mutations occurrence and mitochondrial energy impairment has been
clearly demonstrated in oncocytic tumors (Bonora E et al., 2006; Porcelli AM et al., 2010).
For instance, a statistically significant prevalence of disruptive mutations in mitochondrial
genes coding for the ETC complex | has been reported as frequent in thyroid oncocytic
tumors (Gasparre G et al., 2007). Moreover, in 2018 Perrone AM et al. provide an update on
the potential use of mtDNA sequencing to distinguish specific somatic mutations in
synchronous primary tumors, such as ovarian and endometrial cancers, and thus identify

clonality within the two distinct lesions.

Once it has been established that mitochondrial mutations could have a linkage with cancer, it
IS interesting to unravel the mechanisms by which the mutations can arise. For instance,
mtDNA somatic mutations can occur due to the reactive oxygen species (ROS) production, as
result of the leakage of electrons from respiratory complex | (CI) and Il (CIIl), the main
mitochondrial production sites of these signals. In particular, intracellular ROS can increase
the occurrence of mtDNA mutations that affect respiratory complexes subunits. Moreover,
ROS can in turn be enhanced by the occurrence of mtDNA mutation as in a vicious cycle.
These ROS are able to modify mitochondrial phisiology by several mechanisms such as the
direct alterations of respiratory complexes (as CI) and mitochondrial phospholipids
peroxidation, in particular cardiolipin (Paradies G et al. 2010; Petrosillo G et al., 2009), that is
necessary for proper assembly of mitochondrial supercomplexes and their functionality. In
this context, it is important to introduce the supramolecular organization of ETC complexes.
It is known that CI is able to form a supercomplex with CIII dimer and CIV (SC I+1l12+1V,
known as the respirasome), as well as with Clll> alone (SC I+Ill). Clll; can forms a
supercomplex with CIV (SC HI2+1V) and CV usually can forms dimers (CV>) (Lobo-Jarne T
and Ugalde C, 2018; Letts JA and Sazanov LA, 2017). These structures have been reported as
functionally fundamental as they lead to the maintenance of the stability of complexes, the
reduction of ROS production and the efficiency of electron channelling (Letts JA and
Sazanov LA, 2017; Genova ML and Lenaz G, 2013). It is well known from the literature that
mitochondria can adapt their physiology in terms of membranes distributions and super-
assembly of ETC complexes, in order to prevent the mitochondrial electron leakage and ROS

production (Maranzana E et al., 2013). However, the importance of mitochondrial
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supercomplexes in pathologies is still debated in the literature. Nonetheless, it has been
interestingly reported that the respiratory supercomplexes disruption, associated with the
mitochondrial network fragmengtation, leads to the increases of mitochondrial superoxide
production that is tightly linked to the tamoxifen-resistant phenotype of breast cancer cells
(Tomkova V et al., 2019). Moreover, it is know that the ROS generation is increasingly lost
during ageing and their production is irreversibly improved, leading to the occurrence of
alterated signalling and structural damage, as in a vicious cycle (Genova ML et al., 2015).
Hence, the supramolecular organization of ETC complexes may play a key role in
maintaining cellular redox homeostasis and thus exhert an influence in stress-related
pathologies such as neurodegeneration, aging and cancer (Lenaz G et al., 2012; Genova ML
etal., 2015).

Changes in cellular redox states have long been studied in various diseases and their role in
tumorigenesis have been of considerable interest (Cross CE et al., 1987; Mugge A, 1998;
Paravicini TM, 2006). Contradictory evidence regarding the role of mitochondrial ROS in
tumorigenesis has emerged over the past decade. Elevated ROS are thought to contribute to
tumorigenesis by acting in part as a direct DNA mutagen (Ogrunc M et al., 2014) or by
induced genomic instability when topoisomerase Il is triggered (Shibutani S et al., 1991).
These findings support the fact that mutagenesis induced by ROS is a crucial driver for
initiation and growth of the tumor. In this context, it has been demonstrated that ROS are able
to promote cell migration by activating the k-Ras induced anchorage-independent growth in
lung cancer cells (Weinberg F et al., 2010). Further, it has been demonstrated that ROS levels
are able to drive mitogenic signaling cascades such as the PI3K/AKT/mTOR and
MAPK/ERK axes (Roberts PJ and Der CJ, 2007). In this framework, emerging evidences
indicate also that intracellular ROS levels can induce the stabilization and thus activation of
HIF-1a onco-protein, one of the hallmarks of tumorigenesis (Klimova T and Chandel NS,
2008; Bell EL et al., 2007). Moreover, Funato Y et al. in 2006 have demonstrated that ROS
can active the signaling of the Wnt/p-catenin pathway with a mechanism that remain poorly
understood. In particular, it has been demonstrated that mitochondrial ROS can firstly induce
the stabilization of B-catenin, which is in turn functionally active and migrates into the
nucleus transcribing for EMT, MDR and proliferation genes (Shin SY et al., 2004).
Nonetheless, when ROS are persistent in the cell, they lead to the inactivation of the -catenin
pathway (with a mechanism that needs to be elucidates), reducing its nuclear concentration

and leading to its proteasomal degradation (Shin SY et al.,, 2004). By contrast, high
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concentrations of ROS were also shown to be toxic for the cell, since it was demonstrated that
are able to induce the cell cycle alteration, senescence and death by triggering the ASK1/JNK
and ASK1/p38 signaling pathways in human fibroblasts and cancer cells (Ichijo H et al.,
1997; Moon DO et al., 2010). Overall, there are many demonstrating evidences for either a

supportive or a suppressive role of ROS during tumorigenesis.

Therefore, understanding in depth mitochondrial bioenergetics, metabolism and physiology of
cancer cells, may open up a new horizon for the diagnosis and care of most malignancies,

including ovarian cancer.

2.1 Ovarian cancer metabolic adaptations

The topic of metabolic rewiring in ovarian cancer is much debated in literature. It has been
demostrated that OC cell lines with high glycolysis rate also showed high OXPHOS profile
and increased metabolic-related gene expression, indicating that most of the ovarian cancer
cell lines favor a highly metabolic phenotype (Dier U, 2014; Fabian C et al., 2012).
Moreover, migration of ovarian cancer cells has been demonstrated to be induced by
pyruvate, involving mitochondrial activity (Caneba CA et al., 2012). Other studies have
shown that certain invasive OC cells tend to fuel TCA increasing the utilization of glutamine,

which suggests a functional involvement of OXPHOS (Yang L et al., 2014).

In particular, metabolic reprogramming acts as a key regulator of progression and
chemoresistance processes in OC. There are several schools of thought in considering high- or
low-OXPHOS the bioenergetic profile of OCs when become chemoresistant to therapies.
First, it has been demonstrated that OC cell lines adapt their mitochondrial metabolism
overcoming the “Warburg effect”, by favoring oxidative phosporylation when becomes
chemoresistant to conventional chemotherapies (Dar S et al., 2017; Zampieri LX et al., 2020).
This suggests that, chemoresistant cell lines need a higly metabolic profile in order to
progress and increase their aggressiveness. On the other hand, it has been recently
demonstrated that high-OXPHOS OC cells and patient-derived xenografts (PDXs) are better
responder to therapies rather than low-OXPHQOS ones, that hence resulted as chemoresistant
to therapies (Gentric G et al., 2019). In the latter, while low-OXPHOS OCs exhibit a
glycolytic preference, high-OXPHOS ovarian lesions rely on oxidative phosphorylation,
supported by glutamine and fatty acid oxidation with chronic ROS production and oxidative

stress. In addition to the glucose and glutamine metabolism, many studies have documented
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alterations in lipid metabolism, which collectively suggest that tumours often exhibit a
lipogenic phenotype (Menendez JA et al., 2017). For instance, it has been demonstrated that
high lipid synthesis rates, that reflect increased lipogenic enzyme expression such as fatty acid
synthase (FASN), and high fatty acids (FA) uptake through FA binding proteins (FABPs) and
CD36 channel is strongly linked to cancer progression (Menendez JA et al., 2017; Zaidi N et
al., 2013; Bensaad K et al., 2014; Ackerman D et al., 2014). Moreover, the inhibition of lipid
storage by FABP4 or FABP7 knockdown decreased OC cells survival under hypoxia-
reoxygenation and impaired tumorigenesis in vivo (Bensaad K et al., 2014). In fact, FABP4
can be a reliable molecular predictor of residual disease in high-grade serous ovarian cancer
(Tucker SL et al., 2014). Several studies have indicated that insaturated fatty acids play a key
role in tumor growth pathways by stimulating the B-catenin pathway, downregulating PTEN
or increasing the adherence of OC cells (Kim H et al., 2015; Vinciguerra M et al., 2009).
Metastases in breast and ovarian cancer models have been shown as tightly dependent on FA
B-oxidation (Nieman KM et al., 2011; Park JH et al., 2016). Apart from metastatic ovarian
cancer, altered lipid metabolism was also observed in Lee et al. as a crucial metabolic feature
of lymph node tumor metastasis (Lee CK et al., 2019). The authors used subcutaneous
xenograft models and compared cancer cells isolated from the primary tumor with the
micrometastatic ones and macrometastatic lymph nodes. RNA-sequencing showed that top
regulated gene sets were positively associated with adipogenesis, metabolism of fatty acids,
homeostasis of cholesterol, and oxidative phosphorylation in the micro- and macro metastatic
tumors. In a more recent study, patient-derived models of cisplatin-resistant OC were used
and it was demostrated that the intraperitoneal injection of orlistat (FASN inhibitor) along
with cisplatin, significantly decreased the tumor growth and tumor burden (Chen RR et al.,
2019). Based on the research state, previous studies have shown that adipocytes may
potentially be associated with chemoresistance development in ovarian cancer (Nowicka A et
al., 2013). Adipocyte co-culture with ovarian cancer cells can trigger multiple signal
transduction pathways, such as MyD88/NF-kB/Bcl-xL, but it has not extensively investigated
the mechanism with which adipocytes are involved in regulating this effect (Cardenas C et al.,
2017). More strickly to the OC progression in patients, ovarian cancer cells isolated from
ascites or omental microenvironments showed an enhanced lipid metabolism during
metastatic progression via lipogenesis mediated by AMPK/ACC/FASN and cascades signaled
by AMPK/TAK1/NF-kB. Targeting these pathways with the combined cocktail of low-toxic
compounds can also be an alternative therapeutic technique to avoid peritoneal metastases of

ovarian cancer (Chen RR et al., 2019).
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In addition to the OXPHOS modification, genetic and biochemical evidence has suggests that
deregulations of mitochondrial biogenesis, morphology, dynamics (fusion/fusion) and
apoptosis are the main aspects of carcinogenesis (lommarini L et al., 2017; Srinivasan S et
al., 2017). However, further investigation needs to be performed to define the role of these
mitochondrial physiologic processes in OC. In this regard, mitochondrial biogenesis is the
process with which cells increase their mitochondrial mass, and peroxisome proliferator-
activated receptor gamma coactivator 1-alpha (PGC-1a) is one of the master regulators of this
process (Wu Z et al., 1999). As a transcription factor, PGC-1a can bind on targets as PPARa.,
PPARP/S and PPARY, which coordinate the expression of mitochondrial genes and indirectly
lead to the transportation and use of FA (Lin J et al., 2005). In addition, PGC-1a upregulates
multiple gene expression of enzymes of the tricarboxylic acid cycle (Hatazawa Y et al., 2015)
and of FA oxidation in mitochondria (Calvo JA et al., 2008). PGC-1a also controls the
expression of nuclear and mitochondrial genes that encodes for electron transport and
OXPHOS components via nuclear respiratory factors 1 and 2 (NRF-1 and NRF-2) and the co-
activation of the estrogen-related receptor o (ERRa) (Dillon LM et al., 2012). Furthermore,
the lipid distribution is enhanced by PGC-1a that acts upregulating CD36 and FABP proteins
(Supruniuk E et al., 2017). In this context, it has been demonstrated that CI-KO xenografts
displayed an increased expression of PGC-1a (Kurelac I. et al., 2019) and that Cl-deficient
tumors harbor swollen mitochondria with disorganized cristae, recapitulating oncocytic
lesions (De Luise M. et al., 2017), supporting that exist a tight and direct linkage between

mitochondrial physiology alterations and PGC-1a expression levels.

Recent articles showed altered expression of PGC-la in several tumors and metastasis
(Mastropasqua F et al., 2018). Moreover in human serous and mucinous OC tissues was seen
an increased mitochondrial biogenesis through increased protein levels of PGCla and
mitochondrial transcription factor (TFAM), as well as mtDNA content (Signorile A et al.,
2019). In addition, analysis of ETC complexes activity showed a sharp drop in complex |
functionality. Furthermore, activation of the cAMP/PKA pathway and an increased amount of
SIRT3 protein (Sirtuin also involved in mitochondrial biogenesis mechanisms) was observed
(Signorile A et al., 2019). Moreover, in Gentric G. et al. 2019, several in vivo and in vitro
data highlighted a stress-mediated PML-PGC-1a-dependent mechanism that is able to
promotes OXPHOS metabolism and restores chemosensitivity in ovarian cancer. Collectively,

all these observation culminate in the fact that exist an urgent need in unravel molecular and
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metabolic features of OC, useful to outline its mechanisms of neoplastic progression in order
to make the treatments as efficient and targeted as possible.

2.2 Role of mitochondrial chaperonines in cancer

It has been shown that chaperonines (heat shock proteins, HSPs) are involved in malignant
processes and molecular mechanisms underlying drug resistance in cancer. HSPs are
considered highly conserved stress-inducible molecules of prokaryotic and eukaryotic
organisms range from bacteria to humans (Richter K et al., 2010). These molecules are
renowned for their molecular activities such as protein folding, anti-aggregation and
trafficking (Hartl FU, 1996; Calderwood SK et al., 2006). The expression of HSPs is either
constitutive or caused by a range of factors such as physiological, environmental and
pathological pressures, hypoxia, inflammation, toxic agents, heavy metals exposure and
cancer (Chatterjee S et al., 2017). HSPs are historically classified, according to their
molecular weight, into six major families. These includes small HSPs (sHSPs), HSP40
(DNAJ chaperones), HSP60, HSP70, HSP90 and the large HSPs (HSP110 and GRP170)
(Kampinga HH et al., 2009). Many cancers had been reported with a high expression of
HSPs, including breast, head and neck, gall bladder, colorectal, skin, liver, colon, kidney,
prostate and ovarian cancer (Chatterjee S et al., 2017; Jego G et al., 2013). In apoptosis, HSPs
play a dual and complex function by triggering or counteracting cell death. For example,
HSPs have been shown to activate apoptotic mediators such as pro-casapase 3 (Samali A et
al., 1999; Xanthoudakis S et al., 1999), and to bind and inhibit multiple molecules in the
apoptotic pathways at different levels (Kennedy D et al., 2014). Moreover, some oncogenes,
including mutant p53, have been found to be chaperoned by HSPs in order to prevent its
degradation and thereby evading classical apoptotic pathways and favoring the cell survival in
cancer (Alexandrova EM et al., 2015; Wawrzynow B et al., 2018). In several cancers,
including prostate (Hoter A et al., 2019), liver (Wang C et al., 2016), lung (Hendriks LE et
al., 2017), head and neck (Yin X et al., 2005) and ovarian (Stope M et al., 2016), increased

levels of some HSPs have been reported as involved in drug resistance.

In addition, others studies suggest that high HSP90 levels of expression are associated with
tumour aggressiveness, metastasis and chemotherapy resistance (Ciocca DR et al., 2005).
HSP90 has been identified among the tumor antigen proteins in OC by advanced serological
approaches (Luo LY et al., 2002). In this regard, the mitochondrial homologue of HSP90,
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tumor necrosis factor receptor-associated protein 1 (TRAP1), is significantly involved in
many cancers including ovarian cancer. In tumor cells such as breast, colon, pancreas, and
lung, TRAP1 has been strongly expressed while basal expression has been found in
corresponding healthy cells (Amoroso MR et al., 2014; Matassa DS et al., 2018).
Interestingly, recent large-scale studies have shown that TRAPL levels of expression in
ovarian cancer has been found consistent with the poor prognosis (Lettini G et al., 2017,
Amoroso MR et al., 2016). In addition, TRAP1 expression was found to correlate inversely
with tumor grade or stage and directly correlate with overall survival (Matassa DS et al.,
2016). These findings are consistent with studies in which a better response to
chemotherapeutics has been found in patients with higher levels of expression of TRAP1
leading to the inference that TRAP1 may acts as tumor suppressor (Aust S et al., 2012).
Furthermore, Amoroso et al., 2016 suggested that the decrease in TRAP1 expression in
ovarian cancer might be due to genetic deletion or gene-level copy number variations (CNVs)
particularly in late stages of high-grade serous OC (Amoroso MR et al., 2016).

Recent insights on OC have provided TRAP1 major role in the growth, platinum response and
inflammatory activation of the disease (Amoroso MR et al., 2017). TRAPL1 can inhibit the
respiratory mitochondrial chain activity by its direct interaction with the mitochondrial
subunit B of succinate dehydrogenase (SDHB). This effect that supports a mainly glycolytic
metabolic phenotype of cancer cells, leads to envision TRAP1 as factor that may be
considered a pro-oncogene, depending on the metabolic characteristics of the tumor tissue in
certain types of cancer (Matassa DS et al., 2018). In addition to these interesting observations
on the various function played by TRAPL, it was reported that TRAP1 is located in a
molecular complex with the cytosolic homolog HSP90 and cyclophilin D, which suppress
apoptosis by controlling transitional mitochondrial pores opening (Kang BH et al., 2007).
Further, OC cells PE01-CDDP, which have relatively high TRAP1 levels, were twenty times
much resistant to cisplatin compared to the parental PEOL cell line that was less resistant to
cisplatin (Landriscina M et al., 2010). For what concern the HSP70 family, aroused a high
interest mitochondrial Mortalin or HSPA9, which has been reported as involved in ovarian
carcinogenesis and malignancy of the tumor (Kaul SC et al., 2007). Microarray analysis of
OC tissue have shown that, relative to early stage of ovarian carcinomas and normal ovarian
tissues, mortaline is commonly expressed at advanced stages (Kaul SC et al., 2007). Mortalin
over-expression and its ability to trigger malignancy is likely induced by its cytoplasmic p53

binding (Kaul SC et al., 2005). Hu et al. have demonstrated the oncogenic function of
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mortalin in ovarian cancer by promoting the tumor growth and migration/invasion through
crucial pathways, including cell cycles and MAPK-ERK signaling pathways (Hu Y et al.,
2016). Other studies have shown that the inhibition of mortalin might suppress serous ovarian
cell proliferation, cell motility, and EMT through the inhibition of the signaling pathway of
Whnt/B-catenin (Xu M et al., 2019). In addition, recent studies have shown that mortalin
expression in OC cells is regulated by the NF-kB p65 promoter specific association (Li S et
al., 2019). In this context, it has also been studied the important mitochondrial import coiled-
coil helix coiled-coil helix domain protein 4 (CHCHDA4) that is able to regulates the ETC
activity and the consumption of oxygen and involved in the in vivo tumor occurrence (Yang J
et al., 2012; Thomas LW, Stephen JM et al., 2019). In the same framework, Thomas LW et
al. 2019, it has been demonstrated that the tumor cell growth mediated by CHCHD4 is related
to the Cl-regulated mTORCL signaling pathway and amino acid metabolism. It was reported
that the expression of CHCHD4 in tumors is inversely linked to gene expression associated
with EMT and that increased expression of CHCHD4 modulates EMT-related phenotypes in
tumour cells. Furthermore, in human 41 DNAJ/HSP40 chaperone proteins were identified.
Three classes of J proteins can be distinguished by their domain structure: DNAJA, DNAJB
and DNAJC (Kampinga HH et al. 2009). J proteins belonging to the DNAJA class are largely
homologous to DnaJ and are characterized by an N-terminal J domain, a G/F-rich region, a C-
rich region (cysteine), and their C-terminus is variable. J proteins belonging to the DNAJB
class contain the N-terminal J domain and the G/F (glycine/phenylalanine) rich region. Class J
DNAJC proteins are characterized by containing a J domain which does not necessarily have
to be located at the N-terminus of the protein (Kampinga HH et al. 2009). In this regard, a lot
of DNAJ proteins are reported as adept at influencing the metabolic and molecular features of
cancers. For example, the Hsp40 member C12 (DNAJC12) has been significantly linked with
lymphatic involvement, infiltrative type progression, lymph node metastasis in advanced
stage of gastric cancer and has been established in multivariable analysis as independent
prognostic factor for overall survival (Uno Y et al., 2019). Moreover, DNAJB4 was found to
be downregulated in breast cancer and could contribute to this downregulation in epigenomic
events such as methylation of CpG and histone deacetylation. It has been concluded that
DNAJB4 is a candidate as tumor suppressor and a potential biomarker for breast cancer
(Acun T et al., 2017). It has been also demonstrated that the over-expression of another
chaperonine, DNAJAL, can inhibits the stress response capabilities of c-jun, the oncogenic
transcription factor, and reduces the cell survival of pancreatic cancer cells. DNAJA1

probably activates the DNAK protein by forming a complex that suppresses the JNK
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signaling pathway, c-Jun phosphorylation and anti-apoptosis (Stark JL et al., 2014). Despite
the fact that the role of DNAJs chaperonine is largely investigated in many types of tumors,
very low is the knowledge on the role of these chaperons in OC. Nevertheless, an interesting
observation by Shridhar et al. has led to the identification of a novel gene that is in
homologous to the DNAJ domain, which exists in a several proteins including HSP40 family
(Shridhar V et al., 2001). The identified gene has been designated as DNAJC15 and the
codified protein as methylation-controlled J protein (MCJ). Strikingly, loss of MCJ
expression had been reported as frequent in OC cell lines. This aspect and the roles of MCJ in

cancer will be fully discussed in the next paragraph.

2.3 Roles of MCJ/DNAJC15 chaperonine

MCJ is a mitochondrial chaperone protein of the inner mitochondrial membrane (IMM)
encoded by DNAJC15 gene. In Figure 2 is showed the co-immunofluorence of MCJ and
cytocrome ¢, which confirms that MCJ resides in mitochondria. It belongs to the J-protein
family and is the homolog of yeast TIM-14. MCJ anchors with its transmembrane domain in
the IMM, interfacing in the intermembrane space with the N-terminal and in the
mitochondrial matrix with its J-domain. (Kampinga HH et al. 2009).

Figure 2. Co-immunofluorescence of MCJ and Cytocrome C in A2780 OC cell line, performed by

epifluorescence digital microscopy (60x objective, Nikon).
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It has been investigated the first time in cancers when the reasearchers discovered the
DNAJC15 loss of expression as the result of the methylation of the gene and, therefore, it was
attributed the name of Methylation Controlled J protein (Shridhar V et al., 2001). MCJ,
residing in the IMM, acts as co-importer chaperone protein involved in the mitochondrial
translocation mechanisms associated with the TIM-23 complex (Figure 3). MCJ interacts with
MAGMAS, a component of the translocation system, forming a stable complex with its
soluble domains. When MCJ is missing, TIM-23-mediated protein translocation at the
mitochondrial inner membrane undergoes structural alterations and functions loss
(Schusdziarra C et al., 2013). MCJ contains an active and functional J domain capable of
stimulating the ATPase activity of mtHSP70, favoring the folding of imported proteins. This
functional interaction appears to be countered by MAGMAS (Schusdziarra C et al., 2013).

IMM

MM

Figure 3. Schematic representation of MCJ localization in the Tim-23 import machinery. Intermembrane space

(IS); inner mitochondrial membrane (IMM); mitochondrial matrix (MM).

It was later described in detail that the expression of MCJ is tissue specific and depends on
the methylation state of the CpG islands associated with its gene promoter and close to the
first coding exon. MCJ loss of expression was observed in different types of cancer and
correlated with increased chemoresistance of cancer cell lines (Strathdee G et al., 2004;
Fernandez-Cabezudo MJ et al., 2016). MCJ deficient cells are reported as less sensitive to

apoptosis processes. It was suggested that MCJ could be able to allow the translocation of
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pro-apoptotic factors into the mitochondrial matrix (Sinha D et al., 2014) or to sequester anti-
apoptotic factors, which it then releases into the matrix when celld undergo apoptosis (Sinha
D et al., 2014). Finally, beyond this role, it has been also shown that MCJ is able to recruits
cyclophilin D to the transitional mitochondrial permeability pore and promotes its opening
(Sinha D et al., 2014). Furthermore, MCJ is also reported as negative endogenous regulator of
the respiratory chain by physically interacting with subunit NDUFV1 of respiratory complex |
(Hatle KM et al., 2013). In the latter, by using nude mice KO for DNAJC15, authors had
demostrated that the lack of MCJ expression leads to an increased activity of complex | and
organization of mitochondrial supercomplexes, and higher mitochondrial membrane potential
and ATP production. They had also observed that the enhanced mitochondrial respiration in
the absence of MCJ seems to prevent the pathological accumulation of lipids in hepatocytes
(higher lipid catabolism), in response to a diet rich in cholesterol. More, In CD8+ T-
lymphocytes, carrying higher levels of MCJ expression, the oxidative metabolism that is
crucial for T-mediated memory, was reduced (Champagne DP et al., 2016). Recently, it has
been reported a tight association between glycolytic phenotype, MCJ expression and active
caspase-3, all aiming to prevent the accumulation of highly proliferative CD8+ T-cells and
trigger their timely death (Secinaro MA et al., 2019). Moreover, in 2020 Barbier-Torres L et
al. have demonstrated that the reduction in MCJ expression improves hepatocyte capacity to
mediates fatty acid p-oxidation and minimizes lipid accumulation, resulting in less hepatocyte
harm and fibrosis. In addition, MCJ levels in patients affected by Nonalcoholic fatty liver
disease (NAFLD) were higher compared to healthy subjects. Hence, the inhibition of MCJ
appears as an alternative approach to NAFLD treatment. Even more, MCJ has been reported
as crucial in the control of the mitochondrial metabolic state of macrophages and able to
regulates their response to inflammatory stimuli (Navasa N et al., 2015). A novel mechanism
of gene regulation of MCJ, different from CpG island methylation, has been demonstrated:
IKARQOS, a transcriptional factor, appears to bind the promoter of the MCJ gene in a Casein-
kinase Il-dependent manner, mediating its transcriptional repression. IKAROS is a
transcription factor stimulated, for example, by IFN-y, suggesting a dynamic metabolic
adaptation following external stimuli that occurs in inflammation processes (Navasa N et al.,
2015). Thus, despite its location within mitochondria, MCJ is able to exert, directly or

indirectly, an influence in key molecular pathways in the cell biology.

Despite the studies above mentioned, the knowledge about the role of MCJ in cancer and, in

particular in OC, is very missing nowadays. Recent studies have showed that the
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hypermethylation of DNAJC15 gene is associated with cancer aggressivenes and stages in
malignant paediatric brain tumors (Lindsey JC et al., 2006), breast cancer (Ferndndez-
Cabezudo MJ et al., 2016) and ovarian cancer (Shridhar V et al., 2001). In the latter, it was
reported that MCJ resulted inactivated in over 50% of ovarian cancer cell lines and primary
tumours by epigenetic silencing. This observation was supported later in 2004, by Strathdee G
et al., which corroborate that the loss of MCJ is typical of drug-resistant ovarian cancer cell
lines and depends on methylation of a CpG island within first exon of the gene but
independent of methylation within the promoter region. Furthermore, this observation was
supported by the demonstration that high levels of DNAJC15 methylation in ovarian cancer
patients are associated with both poor response to conventional chemotherapy and overall
survival (Strathdee G et al., 2005).

Thus, all these findings highlight MCJ as a putative crucial factor in OC chemoresistance and
progression mechanisms, leading to the hypothesis that this chaperonine may be a novel
player in in the OC field.
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AIMS OF THE STUDY

Ovarian cancer (OC) is the most lethal gynecological tumor due to its extremely silent
invasive capacity. The high mortality of OC is often determined by a therapeutic failure due
to the development of pharmacological chemoresistance associated with changes in cellular
metabolic state and mitochondrial bioenergetic efficiency. Moreover, it has been reported that
ovarian lesions chemoresistance is associated with the epigenetic silencing of DNAJC15 gene
that encods for the mitochondrial co-chaperonine MCJ. The lack of this is able to modify the
structure and function of mitochondrial respiratory chain complexes. The findings that
mitochondrial functions are a pivotal hub for OC progression and chemoresistance and that
MCJ co-chaperonine is generally downregulated when these lesions becomes more aggressive
and pharmacologically resistant, lead to envision this chaperonine as a crucial player in the

metabolic adaptation of OC.

Hence, the main aim of this project is to assess whether the expression of MCJ mitochondrial
chaperone can modulates the OC tumorigenesis and the multi-drug resistance occurrence,
making this tumour more sensitive to chemotherapy. To achieve this aim we have first
generated chemosensitive and chemoresistant OC cell lines in which MCJ was over-
expressed. Then, these OC models have been used to elucidate the impact of MCJ expression
on resistance to therapies and in vitro migratory and proliferative capacities. Further, the role
of MCJ as molecular player in mitochondrial metabolism and extra-mitocondrial pathways
was investigated, with particular focus on mitochondrial bioenergetics and chemoresistance-
related signaling pathways. The results reported in this study will allow increasing the
knowledge of MCJ biology in OC, particularly with new insights in molecular contexts such
as the mechanisms of metabolic adaptation, resistance to therapies and proliferation of this

aggressive tumor.
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EXPERIMENTAL PROCEDURES

Cell cultures

A2780 and AZ2780cis cell lines from ovarian-endometrioid carcinoma, respectively
chemosensitive and chemoresistant to cisplatin, were purchased from American Type Culture
Collection (ATCC, Manassas, VA). In order to maintain the state of chemoresistance, the
A2780cis cell line underwent a treatment with 1uM of cisplatin every eight passages in
culture. Both cell lines were cultured in RPMI-1640 medium (ThermoFisher Scientific)
containing 11mM of glucose and 2 mM of L-glutamine, supplemented with 10% of fetal
bovine serum (FBS), 100ug/mL of penicillin-streptomycin at 37°C, in humidified atmosphere
and 5% of CO,. The stable MCJ-over-expressing cell lines were generated through
Lentivirus-mediated infection (Origene), by using lentivirus containing both the over-
expression construct and the empty-vector (mock) which was used as a control. The infection
was performed in both cell lines, which subsequently underwent a selection in puromycin
antibiotic (0.75ug/mL), as the lentiviral constructs contained the selection gene that conferred
resistance to this antibiotic (Figure 4A). Once the over-expression was assessed by gRT-PCR
analysis (refer to the specific procedure in next paragraphs), clonal selection was performed
by diluiting cells suspensions and picking and isolating single over-expressing clones which

were then grown in culture, pooled together and these pools were used for all the further
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Figures 4. [A] Work-flow procedure for the generation of the A2780 and A2780cis MCJ-over-expressing cell
lines, using cell lines infected with the mock vector as control. [B] Schematic experimental procedure of the
performed clonal selection in both A2780 and A2780cis, after the infection with MCJ- or mock- expressing

vector and subsequently the selection of cell lines in puromycin.

experiments in this work (Figure 4B). We isolated nine clones for each cell line and then three
clones (shown in the Results section), with higher MCJ over-expression evaluated by Western
blot analysis, where pooled together. Moreover, three clones were also pooled for the mock
cell lines. The obtained cell lines (A2780™°%, A2780MS A2780cis™, A2780cisM) were
then constantly grown in RPMI medium as described above, with the addition of a

maintenance concentration of 125ng/mL of puromycin.

Total lysates preparation

Cells were seeded in 25 cm? flasks until reaching 80% of confluence. Thus, cells were
trypsinized and the pellet was washed once with PBS and centrifugated at 1800 rpm for 10
minutes at 4°C. Then, the pellet was resuspended in RIPA buffer (50mM TrisHCI pH7.4,
150mM NaCl, 1% SDS, 1% Triton, ImM EDTA pH 7.6) supplemented with protein and
phosphatase inhibitors and incubated for 15 minutes in ice. The lysate was frozen and thawed
twice and centrifugated at 13000 rpm for 15 minutes at 4°C. The supernatant was recovered,

and the total protein content was quantified by Bradford’s method (Bradford MM, 1976).
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SDS-PAGE and Western Blot

To the total lysates, obtained as described, was added Laemmli sample buffer 5X (300mM
Tris-HCI pH 6.8, 25% glycerol, 10% SDS, 12.5% 2-mercaptoethanol, 0.125% bromophenol
blue) and samples were boiled for 5 minutes in order to induce a complete denaturation.
Samples were loaded in SDS-denaturing gels in order to have 50ug of protein concentration.
Denaturing SDS-PAGE Electrophoresis was performed at 100V at room temperature in 1X
Tris/Glycine/SDS running buffer (Bio-Rad; 25mM Tris pH 8.3, 192mM glycine, 0,1% SDS).
At the end of the run, proteins were transferred onto a nitrocellulose membrane (Bio-Rad)
0.45mm in full-wet system in 1X Tris/Glycine western transfer buffer (25mM Tris pH 8,3,
1.92M glycine, adding 20% methanol) at 100V for 1 hour at room temperature using Bio-Rad
Mini Trans-Blot Cell system. After, the membrane was incubated in powdered milk solved in
TBS 1X-Tween 0.05% (25mM Tris-HCI pH 7.4, 137mM NaCl, 0,05% Tween) for 1 hour at
room temperature and incubated with primary antibodies, diluted in 5% milk-1X TBS-0.05%
Tween solution or 3% bovine serum albumin (BSA)-1X TBS-0.05% Tween solution, using
the following dilutions/conditions: anti-DDK-TAG (Origene #TA50011-100) 1:1000, o/n at
4°C; anti-Calreticulin (Sigma-Aldrich #C4606-.2ML) 1:5000, 1h at room temperature; anti-
GAPDH (Sigma-Aldrich #G8795-100UL) 1:10000, 2h at room temperature; anti-NDUFB6
(Abcam #ab110244) 1:1000, o/n at 4°C; anti-SDHA (Abcam #ab14715) 1:2000, 2h at room
temperature; anti-UQCRC2 (Abcam #ab14745) 1:1000, o/n at 4°C; anti-COX5A (Abcam
#ab110262) 1:1000, o/n at 4°C; anti-ATP5A (Abcam #ab14748) 1:1000, o/n at 4°C; anti-
Catalase (Sigma-Aldrich #C0979-.2ML) 1:2000, 2h at room temperature; anti-PRX3
(Abfrontier #LF-PA0030) 1:1000, o/n at 4°C; anti-HSP60 (Santa Cruz Biotechnology #sc-
13966) 1:1000, o/n at 4°C; anti-citrate synthase (Abcam #ab96600) 1:1000, o/n at 4°C; anti-
VDAC/porin (Abcam #ab154856) 1:2000, 2h at room temperature; anti-p-catenin (GeneTex
#GTX633010) 1:1000, o/n at 4°C; anti-GSK3p (Cell signaling #12456) 1:1500, o/n at 4°C;
anti-phospho(S9)-GSK3p (Cell signaling #9323) 1:1000, o/n at 4°C; anti-SNAI1 (GeneTex
#GTX125918) 1:1000, o/n at 4°C; anti-N-cadherin (GeneTex #GTX127345) 1:1000, o/n at
4°C. Membranes were washed 3 times with TBS 1X-Tween 0.05% and incubated with the
proper secondary antibody from Jackson ImmunoResearch Laboratories anti-Mouse
(#115035146) and Anti-Rabbit [#111035144], diluted 1:5000 in 5% milk-1X TBS-
0.05%Tween solution and incubated 1 hour at room temperature. Further, 3 wash in TBS 1X-
Tween 0.05% were performed and chemiluminescence was obtained by incubating the
membrane with Clarity Western ECL (Bio-Rad). Images were acquired by using Gel Logic
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1500 Imaging System (Kodak, Ronchester, NY, USA). The densitometric analysis was

performed using ImageJ software.

Enriched crude mitochondria fractions preparation

Enriched mitochondrial fractions were obtained from cells seeded into 10 cm dish. Cells were
trypsinized and the pellet was washed once with PBS and centrifugated at 1800 rpm for 10
minutes at 4°C. Then, the pellets were resuspended in isotonic Saccarose/Mannitol buffer
(70mM Saccarose, 200mM Mannitol, 10 mM HEPES, 1mM EGTA pH 7.5) and cells
disruption was performed mechanically by using a glass/Teflon potter. The mechanic
procedure was repeated until at least 90% of cells were permeabilized, as detected at the
optical microscope using Eritrosine B. After that, cells were centrifuged at 3000 rpm for 10
minutes at 4°C and the obtained supernatants centrifuged at 13000 rpm for 20 minutes at 4°C.
Thus, pellets of crude mitochondria obtained from the last centrifugation were stored at -
80°C. At the moment of their utilisation, mitochondria were resuspended in
Saccarose/Mannitol buffer and mitochondrial protein content was quantified according to
Bradford MM, 1976.

Blue Native (BN)-PAGE

The mitochondria in saccarose/mannitol buffer were centrifuged at 13000 rpm for 20 minutes
at 4°C. Then, were suspended in Mitochondrial Solubilization Buffer (750mM 6-
aminocaproic acid, 50mM Bis-Tris/HCI pH 7.0) in order to have a protein concentration of
5ug/uL. Then was added the right amount of 10% digitonin to have it concentrated to 2%.
Samples were kept in ice for 10 minutes and then centrifuged at 14000 rpm for 30 minutes at
4°C. The supernatant was recovered, and mitochondrial proteins quantified using Bradford’s
method. Supernatants were then resuspended in the appropriate calculated final 1X volume of
the 10X BN-Sample Buffer (750mM aminocaproic acid, 50mM BisTris /HCI pH 7, 0.5M
EDTA, 5% Serva Blue G-250). Samples were loaded in order to have 70 pg of protein onto a
native gel constituted by a gradient of polyacrylamide from 3% to 12%, made with a gradient
building machinery and a peristaltic pump (Delta-Pump). The electrophoresis was performed
at 80V using Anode Buffer (25mM Imidazole, pH 7) and Blue-Cathode buffer (50mM
Tricine, 7.5mM Imidazole, 0.02% Serva Blue G-250 pH 7). At midway of the native
electrophoretic run, the blue cathode was changed with the cathode devoid of the serva blue

G-250 and electrophoresis then performed at 120V. At the end of the electrophoretic run, the
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gel was used either to perform the Cl-in-gel activity assay (described subsequently) or the
western blot protocol was followed, by transferring native proteins onto methanol-activated

polyvinylidene fluoride (PVDF) membrane at constant 300mA for 75 minutes at 4°C.

Complex I-In Gel Activity

After electrophoresis, native gel was incubated in a solution containing 2mM Tris-HCI, 0.5%
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and 0.02% NADH for
15 minutes at room temperature, in the dark. The detection of dark bands on the gel revealed
the enzymatic function of CI in a single complex or in supercomplexes and the colorimetric
reaction was due to reduction of MTT to tetrazolium salts by NADH oxidation through CI.
Images were acquired by using Gel Logic 1500 Imaging System (Kodak, Ronchester, NY,
USA).

Sulforhodamine B (SRB) viability assay

Cells were seeded in 24-wells plates (15x10° cells/well for all the cell lines). For additional
treatments with cisplatin or paclitaxel as shown in the Results, cells were incubated 72 hours
after seeding with fresh medium with different increasing concentrations of cisplatin
(indicated in legends of figures). Cells seeded without treatments and grown for 72 hours
were used as viability controls. At the end of incubations time, cells were fixed to the well
with 50% trichloroacetic acid dissolved in the grow medium for 1 hour at 4° C, washed 5
times with water and dried at room temperature. Attached cells were incubated for 30 minutes
with SRB 0.4% diluted in 1% acetic acid at room temperature. SRB is an anionic dye, amino-
xanthene, which forms electrostatic complexes with basic protein residues, in acid conditions.
Subsequently, wells were washed 4 times with 1% acetic acid in order to remove the excess
of dye. The dye bound to the cells was finally solubilized with 10mM Tris (pH 10.5) and the
relative absorbance of SRB was detected using plate reader VICTOR? (1420 Multilabel
Counter-PerkinElmer, Turku, Finland) at the wavelength of 560 nm. The ICso of cisplatin and
paclitaxel reported in the results were both calculated at 72h of treatments in according to
Girolimetti G et al., 2017.

Clonogenic assay

The ability of single cancer cell to grow and form colony was evaluated by seeding 300
cells/well for all the cell lines in a 6-well plate in their growth medium. After seeding, cells

were incubated at 37° C in a humidified 5% CO> atmosphere. To assess the effect of cisplatin
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in the ability to form colonies, treatments (2uM for chemosensitive cell lines; 7uM for
chemoresistant cell lines) were performed 24 hours after the seeding. Colonies were fixed
after 8 days, using 50% trichloroacetic acid and incubating cells at 4°C for 1 hour. Then
colonies were washed 5 times with water, dried, stained with SRB 0.4% diluted in 1% acetic
acid for 30 minutes at room temperature and washed 4 times with 1% acetic acid. Images
were acquired using Gel Logic 1500 Imaging System (Kodak, Ronchester, NY, USA) and the
number of colonies quantified using ImageJ software. The dye bound to the cells was
solubilized with 10mM Tris (pH 10.5) and the relative absorbance of SRB was detected using
plate reader VICTOR® (1420 Multilabel Counter-PerkinElmer, Turku, Finland) at the
wavelength of 560 nm).

Cells doubling-time calculation

Doubling-time of cell lines was obtained by seeding 15x10° cells in a 24-wells plate,
performing replicates in order to have the starting time of the experiment (TO0), 24 hours of
growth and thus 48 and 72 hours. The count of cells per well was performed for each time
point. The data obtained were normalized on TO and reported in GraphPad. To determine the

cells duplication time, the function exponential growth equation was used.

Measurement of mitochondrial complexes activity

Crude mitochondria were used to measure redox activities with a UV-Vis spectrophotometer
(V550 Jasco) and were resuspended in a buffer containing 50 mM KPi pH 7,8, 1 mM EDTA,
2.5 mg/mL BSA, for all the respiratory complexes measurement except for complex | that
requires a BSA concentration of 3.5 mg/mL. All enzymatic activities were performed under
continuous stirring and at 37°C of temperature except were indicated. For Cl and ClII activity,
spectrophotometric assay was performed at 600nm wavelength, by following the 2,6-
Dichlorophenolindophenol (DCIP) reduction. Kinetic was calculated using the DCIP molar
extinction coefficient (19.1 mM*cm™). The CIIl and CIV activities were measured following
cytochrome ¢ reduction/oxidation at 550 nm (molar extinction coefficient 19.1 mM-tcm™).
The specific activity for each reaction was measured after subtraction of non-specific activity
conducted in a separate assay, adding the specific complex inhibitor at the beginning of the
reaction (Cl: 1 uM Rotenone; CIl: 5mM Malonate; ClIl: 1uM Antimycin A; CIV: 300uM
KCN) (Ghelli A et al., 2013). For details about reaction components see Table 1. The activity
of citrate synthase was evaluated in mitochondria suspended in a buffer containing 125mM
TrisHCI, 0.1% Triton X-100, 100uM DTNB (e= 13.6 mM™), 300uM Acetyl-CoA, pH 8. The
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reaction was started by the addition of 500uM Oxaloacetate (Trounce et al., 1996) and
measured at 412 nm at 30°C. Normalization was performed on both sample protein content
(previously quantified in according to Bradford MM, 1976) and citrate synthase activity. Data

are thus expressed as normalized redox activity.

- Buffer 50 mM KPi pH 7.8, 1 mM EDTA, 3 5mg/ml. BSA
- 5pL crude mitochondria

- 60uM DCIP

- 200pM NADH

- 1uM Antimycin A

Starter: 70uM DUB

COMPLEX I

- Buffer 50 mM KPi pH 7,8, 1 mM EDTA, 2 5Smg/ml BSA
- 5pL crude mitochondria
- 200mM ATP
- 50pM DUB
COMPLEXIT - 80uM DCIP
- 1pM Antimycin A
- 1uM Rotenone
- 300uM KCN
Starter: 10uM Succinate

- Buffer 50 mM KPi pH 7.8, 1| mM EDTA, 2.5mg/mI, BSA
- 5pL crude mitochondria
COMPLEX III - 20uM oxidized cytocrome ¢
- lpMRotenone
- 300uM KCN
Starter: 50uM DBH,

- Buffer 50 mM KPi pH 7.8, 1 mM EDTA, 2 Smg/ml. BSA
COMPLEX TV -~ 20uM reduced cytocrome ¢

- 1pM Rotenone

Starter: Sul. crude mitochondria

Table 1. Reaction components for mitochondrial ETC complexes activity measurements.

Oxygen consumption rate measurement

Oxygen Consumption Rate (OCR) was measured using the Seahorse XFe?* Extracellular Flux
Analyzer (Seahorse Bioscience) as previously described (lommarini et al., 2013). Cells were
seeded (40x102 cells/well) into XFe?* cell culture plate and allowed to attach for 24 hours. For
the measurement of [-oxidation rate, cells were seeded 48 hours before the assay, and
underwent a 24 hours starvation-step in a medium containing 1% FBS, 0.5 mM Glucose, 1
mM Glutamine and 0.5 mM L-Carnitine. The day of the assay, the cell culture media was

replaced with XF media (Seahorse Bioscience) with 10 mM Glucose, 1 mM sodium pyruvate
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and 2 mM of Glutamine. For the B-oxidation rate, the assay medium requires 2 mM
Glutamine, 0.5 mM L-Carnitine and XF-Palmitate (conjugated with BSA) was added directly
in the wells. OCR was measured over a 3 minutes period, followed by 3 minutes mixing and
re-oxygenation of the media. For Mito Stress Test, complete growth medium was replaced
with 670ul of unbuffered XF media supplemented with 10mM glucose pH 7.4 pre-warmed at
37°C. Cells were incubated at 37°C for 30 minutes to allow temperature and pH equilibration.
After an OCR baseline  measurement, oligomycin, carbonyl cyanide-p-
trifluoromethoxyphenylhydrazone (FCCP), and rotenone plus antimycin A were sequentially
added to each well to reach final concentrations of 1uM. For the B-oxidation assay, the FCCP
was used at a concentration of 2.25 uM, as obtained from a specific titration assay in BSA, as
the BSA conjugated to the Palmitate is able to partially complex the uncoupling agent and
reduce its functionality. Three measurements of OCR were obtained following injection of
each drug and drug concentrations optimized on cell lines prior to experiments. At the end of
each experiment, the medium was removed and SRB assay was performed to determine the
amount of total cell proteins as described above. OCR was normalized to total protein levels
in each well. Each cell line was represented in 8 wells per experiment (n=3 replicate
experiments). Data are expressed as pmoles of Oz per minute (OCR) normalized on protein

content.

Migration assay

The scratch assay was used as simple in vitro wound healing to test wound closure performed
by cell migration. Briefly, cell lines were seeded in a 24-wells plate with 500 uL of media, in
the following quantities: 5x10° cells/well for A2780M°¢ and A2780M< cell lines, 6x10°
cells/well for A2780cis™* cell line and 7x10° cells/well for A2780cisM< cell line. Cells were
incubated overnight at 37°C and 5% CO>, reaching an approximate confluency of 95%. The
day after, scratch was performed manually with a 200uL pipette tip and wells were washed
twice with 1x PBS and medium was replaced. Images were taken with optical microscope
(4x) connected with an optical camera system, at the starting time (TO) and after 24, 48 and
72 hours from the scratch. Wound areas were obtained from the analysis of the images with
ImageJ software. Data were presented as percentage of wound area, normalized on TO shown
as 100% of wound area. For each well, three or four images were taken. Assay was performed

in three independent biological replicates, each in three technical replicates.
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Incucyte - ROS production analysis

ROS production measurement (in terms of H20.) was performed with the incubation of cells
with Cell-ROX probe (Thermo Scientific) and by using IncuCyte S3 Live-Cell Analysis
System. Cells were seeded 40x10° in a 96-wells plate and 24 hours after were incubated with
Cell-ROX probe that is a Deep Red reagent for measuring cellular oxidative stress in live cell
imaging, with absorption/emission maxima at ~644/665 nm. In the case of treatment with
antioxidant N-acetylcysteine (NAC), treatment with 5SmM NAC was performed before adding
the probe. After the incubations in fresh medium, the plate was placed in the dedicated
Incucyte incubator. The set acquisition protocol provides for the acquisition of 3 images/well
every 10 minutes for a duration of 10 or 24 hours (as reported in the results). At the end of the
experiment, a specific mask was applied to all the wells of the 96-wells plate, capable of
recognizing the deep red signals and therefore an oxidative stress signal. The raw data were
exported from the instrument and represented in GraphPad, by expressing them in Red

integrated mean intensity as RCU x um?/mm?,

DNAJC15 gene sequencing

Whole genomic DNA was extracted from A2780 and A2780cis cells with the Mammalian
Genomic DNA Miniprep Kit (Sigma) according to the manufacturer’s protocols. Sanger
sequencing was performed using the following primers:

Fwl_ ATTCAAGAACGTCCCAGTGC

Rvl_ CTACAAGGGAGCCAGAGAGG

Fw2_ CTGATACAGTGAGCAGCAGA

Rv2_ AGGGTCTACTCATGAATCACTGT

Fw3_ AACATGAAATTTTGCCCTCCAA

Rv3_ TGAGTCTTCTAACTAAAGCCACG

Fw4_ GTCATGCCACCTCATACGTG

Rv4_ GGTACTTCACAACTTTGCCTGT

Fw5_ AGTGGAATTAAGTGGAAAGCTGT

Rv5_ CGCACAAACTTCCATCTCAACT

Fw6_ TGGGTAGTTGTAGGACTTCACT

Rv6_ TGGTGGAAGATAAGACTGTGGT
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Genomic DNA (20ng) was used for the amplification with a set of 6 primer pairs. PCR
amplification was performed using KAPA2G Fast PCR Kits (Sigma) in a 9700 thermal
cycler. The purified PCR product was used for direct sequencing with BigDye kit version 1.1
(Applied Biosystem). Sequences were run in an ABI 3730 Genetic Analyzer automated
sequencing machine. Electropherograms were analyzed with Sequencer4.9 software (Applied
Biosystems).

RNA extraction

The pellets obtained by trypsinizing about 7x10° cells in biological triplicate, were
resuspended in 1mL of TRI-reagent (Sigma). 200uL of Chloroform were then added,
vortexing for 15 seconds and leaving at room temperature for 15 minutes. The samples were
then centrifuged at 12000g for 15 minutes at 4°C (in swing/out rotor). Thus, the supernatant
transparent phase containing the RNA was transferred to a new eppendorf and 500uL of 2-
propanol was added, mixing the whole. Then left at room temperature for 10 minutes and
centrifuged at 12000g for 10 minutes at 4°C (Fix rotor). The supernatant was then removed
and the RNA pellet was washed twice with 75% EtOH (adding ethanol, vortexing and
centrifuging at 7500g for 5 minutes at 4°C). The pellets were dried under a chemical hood at
room temperature and then resuspended in 50uL of RNAse free water and the samples heated
under stirring at 55°C for 15 minutes. Subsequently, the integrity of the RNA was assessed by
electrophoretic run on a 1% agarose gel, and the concentration and purity of the samples

verified using Nanodrop2000 (Invitrogen) systems for nucleic acids quantification.

RNA reverse-transcription

The extracted RNA was converted into cDNA by using the High-Capacity cDNA Reverse
Transcription kit (Applied Byosistems) following the manufacturer’s protocols, which is
based on the use of the reverse transcriptase enzyme. For each sample 300ng of RNA was

reverse-transcribed in a final volume of 20pl.

Quantitative Real-Time PCR

The obtained cDNA samples were analyzed by quantitative PCR in real-time (QRT-PCR) by
using SYBR Green (Promega) probe as intercalating fluorophore in the DNA double strands.
This method allows the simultaneous amplification and quantification of the cDNA. In fact,
since it is intercalated in the double-stranded cDNA, the fluorescence increases as the

amplification product increases. At the end of each amplification cycle, the fluorescence value
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is measured, which represents the quantity of double-stranded product synthesized-up to that
point. Therefore, the emitted fluorescence is directly proportional to the amount of cDNA.
The gene expression analysis was conducted with specific primers designed on the following

target genes:

Fw 5-TTTCGGATCTGGAAACCTCTAG-3 P 5 GCAGGGCACTTGTGATCAAC.S’
DNAJC15
ABCA3
Rv  5-TCTCGCCTACTCATTTTCTGTT-3'
Rv 5-CTGTGGTTGAAGGGGTGCT-3'
ABCG? Fw  5-TAGCAGCAGGTCAGAGTGTG-3 Fw 5’-GCCAAACCAACAACTTTATCTCTTC-3'
Rv  5-TCATTATGCTGCAAAGCCGT-3’ pGCIA
Voo i Rv 5'-CACACTTAAGGTGCGTTCAATAGTC-3’
Fw 5-GGACTCAGGAGCACACGAAA-3’
aBCC W 5"-GGACTCAGGAGCACACGAAA-3 Fw 5'-GAGTCAAAGTCGCTGGCATC-3'
RV 5'-ACGGCGATCCCTTGTGAAAT-3' pec-18
Voo ) Rv 5-AACTATCTCGCTGACACGCA-3'
BT o
W 5-TACCAATCCAAGCCTCTACC3 Fw 5-GACCTGAAACTTCAAGAGTACCAAA-3’
ABCC2
Rv  5'-AGAATAGGGACAGGAACCAG-3' PPRC1
v Rv 5-TGAGGCTTATTGTAGAGCTGAGTC-3’
ABCCa Fw  5-CCGTGTACCAGGAGGTGAAG-3 Fw 5-AATCTGTCTGACTCTGAAAAGGA-3’
Rv  5'-ACAAGGGATTGAGCCACCAG-3’ TFAM
Voo : Rv 5'-TGTGCGACGTAGAAGATCCT-3'
Fw  5-GATGAGCTTCGCAGTGTTCC-3 Fw 5-GGTGGAGGAGAAGAAGACCAG-3'
ABCC6
Rv  5'-CACCACCAGAGACAGGCATA-3’ N-CADHERIN
Voo ) Rv 5-GGCATCCTCCACAGT-3'
Fw 5-GTGTTGTCAAGGAGGGGAGA-3’
ABCA1
Rv  5'-GGCACCTGAACCTTCCATTG-3’

The U2AF2 gene was used as control. The Applied Biosystems 7900HT Fast Real-Time PCR
System associated with the Sequence Detection Systems (SDS) Software was used for the
amplification and quantification reaction of the transcripts. At the end of the quantification,
the CT values for each sample were obtained and used in data processing. The values
obtained were normalized on CT values of U2AF2, and used in the calculation of the AACt
following the subsequent formula: AACt = ACt (control) - ACt (experiment). The control
relates to the cDNA extracted from the mock cell lines and the experiment instead is
represented by the cDNA extracted from MCJ-over-expressing clones. This value was raised
at the power of 2 (222 to define the fold change. Data reported in the results were

represented as 22t when performed a general comparison of mRNA levels. Instead, were
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presented as Fold Change when perfomed the comparison between mock- and MCJ-over-

expressing cell lines.

In silico bioinformatic analysis

All analyses were performed into R programming environment. The Cancer Genome Atlas
(TCGA) ovarian carcinoma dataset was used to perform gene-centered virtual knockdown
(https://doi.org/10.1038/nature10166). TCGA cohort was divided into high-expressing and
low-expressing DNAJC15 patients by dividing TCGA into quantiles of expression (all
patients below 25% were assigned to low-expression, while patients above 75% were
assigned to the high-expression cohort). DESeq2 (v 1.30.0) R package was used to perform
differential expression analysis, while enrichR package was used to perform pathway
enrichment analysis. Survival analysis was performed using the survival R package (v 3.2-7).
Master Regulator Analyses was performed by comparing high-expressing and low-expressing
DNAJC15 patient samples in TCGA datasets with the viper algorithm [PMID: 27322546]
using default parameters and the co-expression network derived from TCGA OV samples. In
brief, a gene-by-gene signature of differential expression is generated, and a combined value
for each co-expression network is generated by weighting every gene’s likelihood in the
network, providing a final Normalized Enrichment Score for each TF member, which is
positive if the network is upregulated in high-expression patients and negative if it is
downregulated, as in Mercatelli D et al., 2020.

Statistical analysis

GraphPad Prism 8 was used to calculate the significance of data. All analyzes were performed
a minimum of three times. All data are presented as mean * standard deviation and Student's
t-test was used to determine the significance of results. A p-value < 0.05 was considered as
significant (*), p-value < 0.01 was considered as very significant (**), p-value < 0.001 and <

0.0001 were considered as extremely significant (***/****),

36



RESULTS

1. Understanding the impact of MCJ expression on the OC in vitro
chemoresistance occurrence

1.1 The over-expression of mitochondrial chaperone MCJ increases the sensitivity
to cisplatin of OC chemoresistant cell line.

As already mentioned in the introduction, the lack of MCJ expression is a common feature of
OC when becomes aggressive and resistant to pharmacological treatments. To investigate
whether MCJ has a role in the molecular mechanisms underlying chemoresistance in OC, we
used chemosensitive and its cisplatin-chemoresistant counterpart OC cell lines, namely
A2780 and A2780cis. It is interesting to note that A2780 shows a population of round
epithelial-like cells, instead A2780cis is composed by a mix of round and elongated
mesenchymal-like cells (Figure 5A). The evalution of cell viability after treatment with
different concentrations of cisplatin revealed a significantly higher sensitivity of the A2780
(EC50=1.8 pM) compared to A2780cis (ECs0=12.8 pM) cell line (Figure 5B-C). Further,
according with the data reported in literature, cisplatin chemoresistance was associated with
the lack of DNAJC15 expression gene (Figure 5D). To exclude that the non-expression was
due to the loss or mutations of the gene, we sequenced DNAJC15 in both cell lines reporting
that the gene was not lost, conserved its integrity and harboured only a small 1-2 bp deletion
out of the coding sequence (Figure 5E). Hence, we decided to generate MCJ-over-expressing
and control counterpart cell lines by transduction with the DNAJC15-lentiviral-DDK-tagged
or empty-lentiviral-DDK-tagged vectors of both chemosensitive and chemoresistant cells
Transduced A2780 and A2780cis cells were treated with puromycin and clonal selection was

performed in order to avoid the contamination from non-transduced cells.

A A2780 A2780cis
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Figures 5. [A] Morphology images of A2780 and A2780cis cell lines visualized with optical microscopy
(20X). [B] Cell viability of OC chemoresistant and chemosensitive cell lines treated with different cisplatin
concentrations for 72h. Data (mean = SD; n=3) are expressed as % of viable cells considering the untreated
(UT) as 100%. [C] Cisplatin ECso in A2780 and A2780cis cell lines was calculated after 72h of treatment,
as the concentration that results in a 50% decrease in the number of cells compared to that of the untreated
control. Data are mean + SD (n=3). [D] Analysis of DNAJC15 expression in A2780 and A2780cis cell lines
measured by qRT-PCR. Data are mean + SD (n=3). [E] Electropherograms of DNAJC15 gene sequence.
The red arrow indicates the position of the 1-2 A deletion in both cell lines taking as reference the wildtype
sequence. All p-values were obtained with Student’s t-test (¥***p < 0.001; ****p < 0.0001).

The evaluation of MCJ expression allowed us to identify three positive clones for each cell
line (Figure 6A). These clones were then pooled together and the MCJ expression was
determined as MRNA and protein levels (Figure 6B). The obtained pools hereinafter referred
to as A2780M< and A2780cisM<’ were used for the further experiments. Interestingly, the
MCJ over-expression was able to restores the chemosensitivity of the A2780cis cell line
(Figure 6C) and, in turn, markedly decreases its cisplatin ECso (Figures 6D). It is well known

that the expression of the multi-drug resistance transporters proteins namely MDRs or ATP-
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binding cassette (ABC) transporters contribute to the chemoresistance onset regulating drugs
efflux and the activation of signaling cascades involved in cell proliferation, migration and
tumorigenesis (Ween MP et al., 2015). To assess whether the rescue of the chemosensitivity
in the MCJ-over-expressing chemoresistant cell line was associated with the multi-drug
resistance occurrence, the expression levels of common cisplatin-related and unrelated ABC
transporters (ABCC1, ABCC2, ABCC4, ABCAL, ABCA3, ABCC6 and ABCG2) were evaluated
by using qRT-PCR. We found that the mRNA expression levels of ABCC1, ABCC4, ABCA3
and ABCG2 genes were significantly higher in the chemoresistant cell line comparing with
the chemosensitive one (Figure 6E). Moreover, the expression of such genes became lower in
the MCJ-over-expressing chemoresistant cell line, suggesting a putative involvement of MCJ
in the molecular mechanisms underlying chemoresistance. Nonetheless, the expression of
ABCCS6 transporter showed no significant difference between cell lines and the expression of
cisplatin-specific ABCC2 and ABCA1l was higher in the chemosensitive cell line than

chemoresistant cells.
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Figures 6. [A] Western blotting analysis of MCJ protein levels in puromycin selected clones after the
transduction with DNAJC15-lentiviral-mediated DDK-tagged vector in 8 selected clones of the chemosensitive
cell line and 9 selected clones of the chemoresistant one. The MCJ expression was determined by using a
specific antibody against the DDK tag of over-expression. Red squares indicate the clones that were pooled
together for each cell line and used for further experiments. [B] MCJ protein and DNAJC15 mRNA expression
levels in the pool of clones A2780Mk/A2780M and A2780cis™/A2780cisM™, determined by Western blot and
gRT-PCR analysis respectively. Data are mean = SD; n=3) [C] Cell viability of OC chemoresistant and
chemosensitive cell lines treated with different cisplatin concentrations for 72h. Data (mean + SD; n=6) are
expressed as % of viable cells considering the untreated (UT) as 100%. [D] Cisplatin ECsp in A2780 and
A2780cis cell lines was calculated after 72h of treatment, as the concentration that results in a 50% decrease in
the number of cells compared to that of the untreated control. Data are mean * SD (n=6). [E] ABCC1, ABCC2,
ABCC4, ABCA1, ABCA3, ABCC6 and ABCG2 mRNA levels determined by qRT-PCR. Data (mean + SD; n=3)
are expressed as relative gene expression (2°2¢Y). All p-values were obtained with Student’s t-test (*p <0.05; **p
<0.01; ***p < 0.001; ***¥p < 0.0001).

1.2 MCJ over-expression impairs clonogenic and migration capability of
chemoresistant OC cell line.

To assess whether the MCJ expression could affect the in vitro tumorigenic potential of OC
cell lines in terms of ability to form colonies and migration, clonogenic and scratch wound
healing assays were performed. The MCJ over-expression induced a significant reduction of
number colonies but not their size after 8 days of cisplatin treatment of both OC
chemosensitive and chemoresistant cell lines (Figure 7 A-B). In the clinical scenario, the
standard chemotherapy approach for OC care provides the combined treatment with cisplatin
and paclitaxel (PTX), a drug that disrupts microtubule dynamics of cells with high
proliferation rate (Zheng HC et al., 2017). Hence, we evaluated the effect of PTX treatment
on the proliferative ability of MCJ-over-expressing resistant cell line uncovering its lower
sensitivity to this drug compared with mock resistant counterpart (Figure 7C) and a higher
time for cells duplication and division (Figure 7D). This higher doubling time may be
responsible of the increased resistance to PTX compound that usually acts on highly
proliferating cells. Furthermore, MCJ over-expression was able to significantly reduce the in

vitro migration ability of the chemoresistant OC cell line only (Figure 7E).
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Figures 7. [A] Clonogenic assay after 8 days of treatment with cisplatin (2 pM for chemosensitive cells and 7
uM for chemoresistant cells). Data are mean + SD (n=3). One representative experiment of three different is
shown. [B] Colony size obtained with the measurement of the SRB absorbance (565 nm) from the previous
clonogenic experiment. Data are mean + SD (n=3). [C] Cell viability of OC chemoresistant and chemosensitive
cell lines treated with 1nM of PTX for 72h. Data (mean + SD; n=3) are expressed as % of viable cells
considering the untreated (UT) as 100%. [D] Doubling-time of both chemosensitive and chemoresistant cell lines
determined by counting cells after 72h from the seeding. The count at 72h was normalized on the number of
cells at time zero. Data are mean + SD (n=3). [E] Scratch wound healing assay of both chemosensitive and
chemoresistant cell lines was performed and images were taken after 24h, 48h and 72h from the scratch (TO)
using an optical microscope (10X). One representative experiment of three different is shown. White bars
indicate the length of 100 um. The wound areas data were obtained with ImageJ analysis and were normalized to
the time zero of the experiment (reported as 100%). Data are mean + SD (n=3). All p-values were obtained with
Student’s t-test (*p <0.05; **p < 0.01; ***p <0.001).

Overall, data reported above suggest that the MCJ expression is able to make the OC
chemoresistant cell line more sensitive to cisplatin treatment and less able to migrate and
proliferate in vitro.

2. Unravelling the role of MCJ as molecular player in mitochondrial
biogenesis, energetics and metabolism in OC

2.1 MCJ expression influences the mitochondrial bioenergetics
Data in literature report MCJ as negative endogenous interactor of ETC complexes and
regulator of their organization in supercomplexes in non-cancer background (Hatle KM et al.,

2013). Taking advantage by our cisplatin-chemosensitive and chemoresistant OC models, we

aimed to investigate the mitochondrial respiratory chain activity and efficiency and whether
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the MCJ over-expression may alters the energetic profile in a cancer background. We first
analyzed the supramolecular organization of mitochondrial complexes in native
supercomplexes. Chemosensitive cells showed more supercomplexes species with different
compositions and stoichiometries of respiratory complexes than chemoresistant cells (Figure
8A). In addition, the MCJ over-expression seems to slightly increased supercomplexes levels
without modifying the number and type of species in both chemoresistant and chemosensitive
cell lines. However, the preliminary analysis of expression levels of isolated respiratory chain
complexes under native conditions, displayed a decrease of complex | (CI) and complex IV
(CIV) in chemoresistant cells compared to chemosensitives (Figure 8B). Furthermore, MCJ
over-expression seems to trigger an enrichment of isolated complex V (CV) in the
chemoresistant cells. Furthermore, the spectrophotometric analysis of respiratory complexes
activities, showed a tendency to decrease of complex Il and IV in the chemoresistant cell line
compared to chemosensitive one (Figure 8C). Noteworthy, when MCJ was over-expressed,
chemoresistant cells showed a significant increase of CI, CIlI and CIlI activities associated
with a slight decrease of CIV function, mirroring the amount of this enzyme (Figures 8C and
8B). The analysis of the oxygen consumption rate profile (OCR) of chemosensitive and
chemoresistant cell lines showed a higher basal and ATP-linked OCR in sensitive rather than
in chemoresistant cells, allowing us to define them high-OXPHOS and low-OXPHOS,
respectively (Figure 8D). Interestingly, both chemoresistant and chemosensitive MCJ-over-
expressing cell models showed a significant increased of basal and ATP-linked OCR
compared to the mock counterparts. However, no significance in both maximal and spare
respiratory capacity was observed by comparing all cell lines. These data suggest that MCJ,
triggering the ETC activity, may regulate and enhance the basal OXPHOS ability of
chemoresistant cell lines, whithout increasing the maximal energetic efficiency of

mitochondria probably due to an increased ATP demand of cells under basal conditions.
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Figures 8. [A] Complex I in-gel activity of mitochondrial supercomplexes in Blue Native Page performed on
crude mitochondria extracted from OC chemoresistant and chemosensitive cell lines. Representative experiment
of two different is reported. [B] Western blot and densitometric analysis of isolated mitochondrial complexes on
crude mitochondria extracted from OC cell lines, by using antibodies against NDUFB6 (Cl), SDHA (CllI),
UQCRC2 (CIII), COX5A (CIV) and ATP5A (CV). One preliminary experiment is shown (n=1). Samples 1, 2, 3
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and 4 are respectively: A2780™° A2780M% A2780cis™ and A2780cisMCJ. In the densitometric analysis, ClI
(SDHA) was used as loading control. [C] Spectrophotometric redox activity of ETC complexes performed by
using crude mitochondria from OC cells. Data are mean + SD (n=3). Data were normalized on total protein
content and citrate synthase activity (as control of total mitochondrial activity). [D] Oxygen consumption rate
(OCR) representative traces and Basal, ATP-linked, Maximal and Spare OCR bar graphs of OC cell lines are
shown. Data were obtained by using XF-96 Seahorse Analyzer. Inhibitors Oligomycin (O), FCCP (F), Rotenone
(R) and Antimycin A (A) were all used at the concentration of 1uM. Data are mean + SD (n=3). All p-values
were obtained with Student’s t-test (*p <0.05; **p < 0.01; ***p <0.001).

It is well known that mitochondria are an important source of ROS (Murphy MB 2009). As a
double-edged sword, ROS can play a key role in many signalling pathways, but their over-
production can lead to cellular damage (Zhao RZ et al., 2019). Therefore, we also analyzed
the oxidative stress profile in OC cell models, comparing the chemosensitive and
chemoresistant cell lines. Measuring ROS production as H2O. levels, we noticed that the
chemoresistant cell line showed a ROS production significantly higher than the
chemosensitive one (Figure 9A). In addition, MCJ over-expression leads to a significant
increase of ROS production in both cellular contexts (Figure 9A). Moreover, we evaluated the
expression levels of two common antioxidant enzymes, catalase and peroxiredoxin-3, and we
found their expression significantly lower in the MCJ-overespressing chemoresistant cell line
(Figure 9B). All toghether, these results suggest that MCJ over-expression is able to induce an
increase in oxygen consumption in the OC cell lines and a redox imbalance probably due to

an increase of respiratory chain activity.
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Figures 9. [A] ROS production levels in OC cell lines were determined using Cell-ROX probe for 10h with
Incucyte Live Imaging. Data (mean + SD; n=3) were normalized on the TO (showed as 100%) and represented as
Red Integrated Intensity per mm?. [B] Western blot and densitometric analysis of antioxidant enzymes in OC cell
lines by using antibodies against Catalase and Peroxiredoxin-3 (PRX-3). One representative experiment of three
different is reported. GAPDH was used as loading control. Data are mean £ SD (n=3). All p-values were
obtained with Student’s t-test (*p <0.05; **p < 0.01).

2.2 MCJ triggers mitochondrial biogenesis and may modulates lipids metabolism in OC
chemoresistant cells.

Since we observed that MCJ is capable to increase mitochondrial respiration, we aimed to
investigate if this modification in mitochondrial functionality might be due to mitochondrial
biogenesis in OC chemoresistant cells. Hence, we firstly evaluated the expression levels of
several mitochondrial proteins, and we reported that the amount of all proteins was
significantly higher in the MCJ-over-expressing chemoresistant cell line compared with its
mock counterpart (Figure 10A). In order to elucidate how MCJ could be involved in the
increasing of mitochondrial proteins, we analyzed the expression levels of the main
mitochondrial biogenesis regulators. Hence, we further evaluated the mRNA expression
levels of PGC-/a, PGC-1p, PPARGC1 (PPRC1) and TFAM (Wu Z et al., 1999; Jornayvaz
FR and Shulman GI, 2010). It is noteworthy that the lower expression levels of PGC-/a and
TFAM were accompanied by an increase in PGC-14 mRNA amount in the chemoresistant cell
line, probably due to the activation of a compensation mechanism (Figure 10B). Importantly,
we found significantly higher levels of PGC-/a and PPRC1 in the MCJ-over-expressing
chemoresistant cell line comparing with the mock counterpart (Figure 10B), suggesting a
possible MCJ-mitochondrial biogenesis axis. In addition, it has been demonstrated that
mitochondrial biogenesis mediators as PGC-/a and PPRC1 can promote the expression of
genes that encode for subunits of ETC complexes and for key enzymes of TCA cycle, as well
as the expression of genes that encode key mediators of lipids metabolism (Bhalla K et al.,
2011; Piantadosi CA and Suliman HB, 2012). Moreover, it has been reported that OC
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progression and metastasization is strongly dependent on lipids storage and FAs B-oxidation
(Tucker SL et al., 2014). Noteworthy, the demonstration that a reduction in MCJ expression

improves hepatocyte capacity to mediate FAs B-oxidation (Barbier-Torres L et al., 2020) led

us to investigate the p-oxidation metabolism in OC models. In this regard, we found that the

levels of pB-oxidation were higher in the chemoresistant cell line compared to the

chemosensitive counterpart (Figure 10C) and decreased in the MCJ-over-expressing

chemoresistant cell line. All toghether, these data suggest that this chaperone may be able to

trigger the mitochondrial protein content and may influence the lipids catabolism in the

chemoresistant cell line, making it metabolically similar to che chemosensitive models.
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Figure 10. [A] Western blot and densitometric analysis of several mitochondrial proteins in OC chemosensitive
and chemoresistant cell lines by using antibodies against SDHA (CII), mt-HSP60, ATP5A (CV), citrate synthase
(CS) and VDAC. One representative experiment of three different is reported. Calreticulin was used as loading
control. Data are mean + SD (n=3). [B] Analysis of mMRNA levels of mitochondrial biogenesis markers (PGCla,
PGCI1p, PPRC1 and TFAM) in OC cell lines performed with gRT-PCR and expressed as relative expression.
Levels of PGClo were shown as Fold Change versus mock counterparts. Data are mean + SD (n=3). [C] Basal
[B-oxidation rate was obtained performing the basal AOCR calculation between the untreated and etomoxir-
treated cells. Data were obtained by using XF-96 Seahorse Analyzer. Inhibitors Oligomycin, Rotenone and
Antimycin A were all used at the concentration of 1uM. FCCP was used at the concentration of 2.25uM. Data
are mean = SD (n=3). All p-values were obtained with Student’s t-test (*p <0.05; **p < 0.01).

3. MCJ induces extra-mitochondrial oncogene pathways alteration.

3.1 MCJ leads to the alteration of canonical -catenin onco-pathway.

To unravel the effect of the MCJ expression on the whole cellular network pathways, we
performed an in silico analysis of the expression of DNAJC15 in the TCGA (The Cancer
Genome Atlas) dataset of OC samples by using EnrichR (Mercatelli D et al., 2020). In
particular, by performing a gene ontology correlation, this analysis revealed that the
expression of DNAJC15 correlated to an enrichment of molecular pathways involved in cells
communication and signaling trasduction (Figure 11). The latter, enforce us to enrol which
is/lare the molecular pathways that are triggered by the alteration of mitochondrial
bioenergetics and ROS production, and are able to regulate chemoresistance and cell

proliferation in OC cell models.
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Figures 11. In silico analysis on TCGA ovarian serous adenocarcinoma datasets (n=78). Gene ontology
analysis was performed by comparing high-expressing and low-expressing DNAJC15 patient samples in
TCGA datasets, using default parameters. The analysis was performed using EnrichR. The Count represent
the size of the corresponding gene set (or pathways), while the percentage of hits is the number of the

significant genes belonging to that pathway.

In this regard, as already mentioned in the introduction, the molecular pathway of Wnt/j-
catenin is frequently hyperactivated when OC becomes more aggressive and it is also known
that this signaling axis is influenced by the mitochondrial ROS production (Shayesteh L et al.,
1999; Shin SY et al., 2004). In several types of cancer, when [B-catenin is active can
translocate into the nucleus and act as co-activator of transcription factors responsible of the
expression of genes encoding for proteins involved in tumor aggressiveness and invasiveness,
in multi-drug resistance and in cell proliferation (MacDonald BT et al., 2009; Shang S et al.,
2017). The levels of B-catenin in the cytosol are finely regulated by glycogen synthase kinase
3 beta (GSK-3pB), that can phosphorylate B-catenin and triggers its destabilization and
proteasomal degradation (Yuan S. et al., 2020). We therefore investigated in the [B-catenin
oncogene pathways and, interestingly, a significant down-regulation of its expression level
was observed in both chemoresistant and chemosensitive MCJ-over-expressing cell lines

(Figure 12A). Furthermore, the analysis of both total and phosphorylated (Ser-9) amount of
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GSK-3p protein levels revealed an increased phosphorylated/total ratio suggesting that this
kinase is more inactive in the chemoresistant cell line since the phosphorylation on Ser-9 is an
inactivating post-translational modification (Figure 12B). Noteworthy, in chemoresistant
cells, the MCJ over-expression leads to a reduction of the phosphorylated amount of GSK-3p,
which means its re-activation. This latter may suggest a putative GSK-triggering mechanism
that would turns off the canonical Wnt/B-catenin oncogene pathway in MCJ-over-expressing

cells.

A A2780 A2780cis 067 x

mock MCJ mock MCJ

B-catenin 90 kDa

45 kDa

GSK3B

GSK3B-S9| s v #B W | 45LDa

[-catenin protein
levels/Calreticulin (a.u.)

Calreticulin | @l WSS SN @S | 55 kDa

B * *
;-“ 17
t“. —
£3 00 3
3 T
= 0
20
® o I
23 T
g ]
o]
Q = —l—
£@ 037
2 ot
<]
|
o
0.0
5 L\' N o
‘,\\Q" O \\@“ &N
N N & W
A A° N QF
) > & NS
k v v-:{'\ ‘5\

Figures 12. [A] Western blot and densitometric analysis of B-catenin pathway in OC chemosensitive and
chemoresistant cell lines by using antibodies against $-catenin, glycogen synthase kinase 3 beta (GSK-3p) and
glycogen synthase kinase 3 beta phosphorylated on Serine 9 (GSK-3p-P; inactivating phosphorylation). One
representative experiment of three different is reported. Calreticulin was used as loading control. Data are mean
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1 SD (n=3). [B] Ratio of the phosphorylated form of GSK-3f normalized on the total GSK-3p, obtained by using
data from the densitometric analysis of previous western blot. All p-values were obtained with Student’s t-test
(*p <0.05).

3.2 MCJ reduces the mesenchymal phenotype of OC chemoresistant cell line.

It is well known that B-catenin onco-pathway has a crucial role in regulating tumorigenesis,
proliferation, migration as well as epithelial-mesenchymal transition (EMT). In this regard,
we noticed that the chemoresistant cell line tends to change within the culture with the over-
expression of MCJ chaperone, by increasing the abundance in round epithelial-like cells and
reducing the elongated cells population (Figure 13A). We were therefore encouraged in
investigating EMT in both chemosensitive and chemoresistant OC cell models. In particular,
we evaluated B-catenin-downstream regulated genes, such as Snail Family Transcriptional
Repressor 1 (SNAI1) and N-cadherin, both involved in the epithelial to mesenchymal
transition (Zeisberg M and Neilson EG, 2009). SNAI1 protein expression resulted
significantly higher in the chemoresistant cell line compared to the chemosensitive, and
downregulated in the MCJ-over-expressing chemoresistant cell line (Figure 13B). Further, we
found that both protein and mRNA level of N-cadherin were significantly higher in the
chemoresistant cell line compared to the chemosensitive and downregulated in the MCJ-over-
expressing chemoresistant cell line (Figure 13C-D), suggesting an MCJ-induced shutdown of
pro-mesenchymal signaling in the chemoresistant cell line. Taken together, these data suggest
that MCJ may be able to reduce the EMT by triggering the canonical oncogenic Wnt/pB-
catenin pathway.

A
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Figures 13. [A] Morphology of A2780cis™ and A2780cisM cell lines was visualized with optical microscopy
(20X). [B] Western blot and densitometric analysis of SNAI1 protein levels in OC chemosensitive and
chemoresistant cell lines. One representative experiment of three different is reported. Calreticulin was used as
loading control. Data are mean + SD (n=3). [C] Western blot and densitometric analysis of N-cadherin protein
levels in OC chemosensitive and chemoresistant cell lines. One representative experiment of three different is
showed. Calreticulin was used as loading control. Data are mean = SD (n=3). [D] mRNA expression levels of N-
cadherin in OC chemoresistant cell lines. Data, reported as relative expression, are mean + SD (n=3). [D] All p-

values were obtained with Student’s t-test (*p <0.05; **p < 0.01; ***p < 0.001).

54



Since Wnt/B-catenin pathway can be regulated by ROS production that resulted increased in
the MCJ-over-expressing chemoresistant cells, we evaluated the effect of the antioxidant N-
acetylcysteine (NAC) on both B-catenin and its target SNAIL expression levels. The treatment
of chemoresistant cell lines with NAC, a GSH precursor that increases cell thiol levels and
can thereby directly ameliorates cellular oxidative stress, significantly reduced ROS
production in the MCJ-over-expressing chemoresistant cells, whereas no difference was
observed between the two mock counterparts (Figure 14A). Moreover, we preliminarly found
that treatment with NAC induces a recovery of both B-catenin and SNAIL expression in the
MCJ-over-expressing chemoresistant cell line in a time-treatment exposure dependent manner
(Figure 14B), suggesting that MCJ may modulate Wnt/p-catenin and EMT signalling axis
through its mitochondrial impact on ETC by enhancing ROS production.
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Figures 14. [A] ROS production levels of both chemosensitive and chemoresistant OC cell lines during
treatment with 5mM NAC. The measurement was determined using Cell-ROX probe for 24h and performed
with Incucyte Live Imaging. Data (mean = SD; n=3) were normalized on the TO (showed as 100%). [B] Western
blot and densitometric analysis of B-catenin and SNAI1 protein levels in OC chemosensitive and chemoresistant
cell lines in absence and in presence of 5mM NAC for 24h and 48h. Calreticulin was used as loading control
(n=1) All p-values were obtained with Student’s t-test (**p < 0.01; ***p < 0.001).
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DISCUSSION

This experimental study is focused on ovarian cancer (OC) disease, which is a type of tumour
renowned for its lethal and silent aggressiveness, that claims new victims each year always
ranking fifth among the causes of death from cancer in women (Siegel RL et al., 2020).
Nonetheless, numerous studies have been implemented to identify new therapeutic strategies
to overcome the conditions of recurrence and resistance to chemotherapy that are both very
frequent in this type of tumour (Riggs MJ et al., 2020; Marchetti C et al., 2019). It is
interesting to note that OC, when becomes metastatic and develops resistance to therapies,
tends to epigenetically downregulate the DNAJC15 gene that encodes for MCJ, a
mitochondrial co-chaperonine of the inner mitochondrial membrane (Shridhar V et al., 2001;
Strathdee G et al., 2004; Fernandez-Cabezudo MJ et al., 2016). Although in a non-cancer
context MCJ is able to modify the cellular bioenergetic profile modulating the activity and
assembly of mitochondrial respiratory chain complexes (ETCs) (Hatle KM et al., 2013), no
data about its role in cancer biology are reported.

We aimed to assess whether the expression of MCJ can modulates the OC tumorigenic
potential and the drug resistance onset. In particular, we unraveled whether and how MCJ
affects mitochondrial bioenergetics to sustain cell proliferation of cisplatin-sensitive and
resistant OC cell lines. The first evidence that we obtained was that the MCJ expression is
lacking in cisplatin-resistance cells and its over-expression leads to a significant reduction of
the cisplatin-resistance and of in vitro proliferative and migration capacities, suggesting that
this chaperonin may modulate the tumorigenic potential of OC cell lines.

In this regard we also evaluated the expression levels of cisplatin-specific and not specific
ABC transporters. The expression of some cisplatin-specific transporters, such as ABCC2 (the
most renowed cisplatin transporter) and ABCA1, was higher in the chemosensitive cell line
than in the resistant one. However, it should be noted that MDR transporters are also involved
in numerous physiologic mechanisms of the cells and could transport a plethora of substrates
across the plasmamembrane, such that they cannot be related only to the condition of
cisplatin-resistance (Higgins CF, 2001; Borst P and Elferink RO, 2002; Linton KJ, 2007).
Nonetheless, it has been reported in the literature that the expression of ABCC1 and ABCC4
transporters, that could transport platinum compound, have an unfavorable impact on disease
relapse and are good prognostic factors for ovarian cancer progression (Bagnoli M et al.,
2013). In our data we showed both ABCC1 and ABCC4 transporters significantly higher,

together with cisplatin-specific ABCA3, in the resistant cell line compared to chemosensitive
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cells. All these latters became less expressed in the MCJ-over-expressing resistant cell line,
thus suggesting a likely partial involvement of MCJ in the modulation of cisplatin
chemoresistance. Moreover, no change in the MDRs gene expression was observed in the
MCJ-over-expressing chemosensitive cell line, probably due to a lower expression of these
genes at basal levels compared to the chemoresistant counterpart. However, the study of
MDRs needs further investigations, including the analysis of their activity.

Since MCJ was first described as a negative endogenous inhibitor of mitochondrial ETC
function, we investigated the bioenergetic state of cisplatin-sensitive and resistant OC cell
lines. We interestingly found that the over-expression of MCJ causes a significant increase in
the activity of the respiratory CI, CllI, CIlI and a slight reduction of CIV activity, supporting
the finding that MCJ over-expression leads to a significant increase in the oxygen
consumption in the chemoresistant OC cell line. These data clearly indicate that the
expression of MCJ in cisplatin-resistant cells confer a respiratory profile similar to the
cisplatin-sensitive counterpart. The increased basal oxygen consumption in the MCJ-over-
expressing resistant cell line is probably due to the increased activity of CI, Cll and ClIlI,
despite the observed reduction in the activity of CIV. In this regard, the reduction of CIV
activity of about 50% compared to sensitive cells, probably is not sufficient to affect the
overall activity of the ETC, being over the 40% threshold estimated as the activity of CIV that
reduces the oxygen consumption in mitochondria (D’Aurelio M et al., 2006; Rossignol R et
al., 2003).

It is interesting to note, that our observations are apparently in contrast with the increase of ClI
activity and OXPHOS capacity reported in MCJ-knockout mouse and in doxorubicin resistant
MCJ-lacking breast cancer cells (Hatle KM et al., 2013; Giddings EL et al. 2021). These
discrepancies could be due to the different models used and drug-mediated resistance
analyzed (doxorubicin versus cisplatin). Moreover, in our study we evaluated the impact of
MCJ only in A2780/A2780cis cells that harbours a deletion in the PTEN gene and not
canonical driver mutations in TP53, typical of most frequent high-grade serous OC (Bell D et
al., 2011). Thus, to validate and generalize our findings a panel of different OC cell lines and
patient’s biopsies are needed.

The general finding that MCJ over-expression is able to trigger the ETC activity and oxygen
consumption, prompted us to investigate if this bioenergetic phenomenon is due to the
induction of a mitochondrial biogenesis mechanism. We found that PGC-/a and PPRC1

levels and several mitochondrial proteins were significantly increased in the MCJ-over-
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expressing chemoresistant cell line indicating that the ETC activity may involve the activation
of mitochondrial biogenesis.

Recently, it has been demonstrated that the absence of MCJ in adipocytes leads to a FAs -
oxidation induction with a reduced lipid intracellular accumulation (Barbier-Torres L. et al.,
in 2020). As the expression of MCJ in OC cells increases the oxygen consumption dependent
on the oxidation of glucose and pyruvate, we measured the ability of OC cells to perform a
lipid-mediated respiration. The chemoresistant cell line showed a higher FAs B-oxidation rate
compared to chemosensitive one that was reduced by the MCJ-over-expression, supporting
our previous observation that MCJ is able to confer an energetic state similar to that of
chemosensitive cells. It should be noted that, in agreement with data reported by Barbier-
Torres L. et al., we showed that the B-oxidation was enhanced in the chemoresistant cell line
that lacks of MCJ expression. Hence, a deep dissection of lipid metabolism in OC models is
required since OC peritoneal dissemination and the response to chemotherapy seems to be
strictly dependent on the modulation of biochemical pathways involved in the lipid
metabolism (Zhao G. et al., 2019; Sawyer BT et al., 2020).

Interestingly, we have shown that the over-expression of MCJ triggers an activation of ETC
accompanied by a significant boost in intracellular ROS amount as well as in a reduction of
expression levels of antioxidant enzymes, suggesting an imbalance in the cellular redox
mechanisms. Among the ROS-dependent mechanisms, the Wnt/B-catenin signalling is a
pathway regulated by mitochondria in a ROS-related manner (Shayesteh L et al., 1999; Shin
SY et al., 2004). Moreover, this signalling axis is able to induce the expression of
downstream genes involved in multi-drug resistance (MDR) and stemness, such as ABCG2,
epithelial-mesenchymal transition (EMT) and cell proliferation (MacDonald BT et al., 2009;
Shang S et al., 2017). In this regard, the mechanism through which the ROS levels can lead to
the repression of the B-catenin pathway is still debated in literature and not demonstrated yet.
Interestingly, our data shown that B-catenin expression levels were significantly lower when
MCJ was over-expressed, in both chemosensitive and chemoresistant cell lines. In addition,
the reported downregulation of B-catenin was coherent with the re-activation of GSK-3f3
enzyme in the MCJ-over-expressing chemoresistant cell line. In the latter cells, the showed
decreased levels of the mesenchymal markers, SNAI1 and N-cadherin, and of ABCG2
suggested a switch towards an epithelial phenotype similar to chemosensitive cells. In this
regard, it is interesting to note that the cisplatin-resistant cell line showed a mixed population
of round-epithelial and elongated mesenchymal-like cells that, however, tends to lose the

elongated component when MCJ was over-expressed, probably due to the specific loss of the
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mesenchymal-like cells within the overall population. Furthermore, the lack of both p-catenin
and EMT markers was rescued by NAC antioxidant treatment, suggesting that a ROS-f-
catenin signaling axis may occur, upon the combination of MCJ expression and cisplatin-

resistance.
CONCLUSIONS

Overall, the data reported in this study lead us to hypothesize a novel link between MCJ and
[-catenin pathway during OC cisplatin-resistance occurrence (Figure 15). MCJ expression in
the cisplatin-resistant cell line may attenuate FAs B-oxidation and trigger the ETC activity as
cause or consequence of the activation of PGC-1o/PPRCI1-mediated mitochondrial
biogenesis. This mitochondrial perturbation is accompanied with ROS overproduction that
may repress the Wnt/f3-catenin onco-pathway. The lack in 3-catenin pathway would cause the
loss of expression of its target genes involved in the regulation of MDR, EMT and cell
proliferation, triggering a low mesenchymal, low proliferative and low migratory phenotype

making the OC chemoresistant cells more sensitive to cisplatin-based therapy.
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FUTURE PERSPECTIVES

This work aimed to provide new insights and unravel novel mechanisms that make MCJ a
newsworthy factor in cancer biology, in particular in OC disease. In this frame, future
perspectives dwell in enforce the role of MCJ in the chemoresistance processes of OC and its
impact on the mitochondrial bioenergetics state. For instance, in order to generalize what we
observed in the AZ2780/A2780cis cell lines, others cisplatin-chemosensitive and
chemoresistant cell lines will be used. In addition, pre-clinical mice models will be exploited
to evaluate the contribution of MCJ in the in vivo OC proliferation and sensitivity to
chemotherapy. Furthermore, the impact of the MCJ expression will be also studied in biopsies
from cisplatin-sensitive and resistant OC patients’ cohort. As well, it will be interesting to
dissect the mechanisms with which MCJ may regulate the ETC activity that leads to both
ROS accumulation and imbalance in B-catenin signaling. In addition, it will also be
interesting to unravel the metabolism of chemoresistant cell lines by investigating
bioenergetics-sustaining pathways such as glycolysis, glutaminolysis and lipids metabolism in
depth.

61



K2
0‘0

7
*

7
*

7
*

REFERENCES

Abubaker K, Latifi A, Luwor R, Nazaretian S, Zhu H, Quinn MA, Thompson EW, Findlay JK, Ahmed
N. Short-term single treatment of chemotherapy results in the enrichment of ovarian cancer stem cell-
like cells leading to an increased tumor burden. Mol Cancer. 2013 Mar 27;12:24. doi: 10.1186/1476-
4598-12-24. PMID: 23537295; PMCID: PMC3668985.

Ackerman D, Simon MC. Hypoxia, lipids, and cancer: surviving the harsh tumor microenvironment.
Trends Cell Biol. 2014 Aug;24(8):472-8. doi: 10.1016/j.tcb.2014.06.001. Epub 2014 Jul 4. PMID:
24985940; PMCID: PMC4112153.

Acun T, Doberstein N, Habermann JK, Gemoll T, Thorns C, Oztas E, Ried T. HLJ1 (DNAJB4) Gene Is
a Novel Biomarker Candidate in Breast Cancer. OMICS. 2017 May;21(5):257-265. doi:
10.1089/0mi.2017.0016. PMID: 28481734; PMCID: PMC5586162.

Alexandrova EM, Marchenko ND. Mutant p53 - Heat Shock Response Oncogenic Cooperation: A New
Mechanism of Cancer Cell Survival. Front Endocrinol (Lausanne). 2015 Apr 22;6:53. doi:
10.3389/fend0.2015.00053. PMID: 25954247; PMCID: PMC4406088.

Altenberg GA. Structure of multidrug-resistance proteins of the ATP-binding cassette (ABC)
superfamily.  Curr Med  Chem  Anticancer  Agents. 2004  Jan;4(1):53-62.  doi:
10.2174/1568011043482160. PMID: 14754412.

Alwosaibai K, Abedini A, Al-Hujaily EM, Tang Y, Garson K, Collins O, Vanderhyden BC. PAX2
maintains the differentiation of mouse oviductal epithelium and inhibits the transition to a stem cell-like
state. Oncotarget. 2017 Aug 10;8(44):76881-76897. doi: 10.18632/oncotarget.20173. PMID: 29100356;
PMCID: PMC5652750.

Amate P, Huchon C, Dessapt AL, Bensaid C, Medioni J, Le Frére Belda MA, Bats AS, Lécuru FR.
Ovarian cancer: sites of recurrence. Int J Gynecol Cancer. 2013 Nov;23(9):1590-6. doi:
10.1097/1GC.0000000000000007. PMID: 24172095.

Amoroso MR, Matassa DS, Agliarulo I, Avolio R, Lu H, Sisinni L, Lettini G, Gabra H, Landriscina M,
Esposito F. TRAP1 downregulation in human ovarian cancer enhances invasion and epithelial-
mesenchymal transition. Cell Death Dis. 2016 Dec 15;7(12):e2522. doi: 10.1038/cddis.2016.400.
PMID: 27977010; PMCID: PMC5260997.

Amoroso MR, Matassa DS, Agliarulo I, Avolio R, Maddalena F, Condelli V, Landriscina M, Esposito
F. Stress-Adaptive Response in Ovarian Cancer Drug Resistance: Role of TRAP1 in Oxidative
Metabolism-Driven Inflammation. Adv Protein Chem Struct Biol. 2017;108:163-198. doi:
10.1016/bs.apcsh.2017.01.004. Epub 2017 Feb 12. PMID: 28427560.

Amoroso MR, Matassa DS, Sisinni L, Lettini G, Landriscina M, Esposito F. TRAP1 revisited: novel
localizations and functions of a 'next-generation' biomarker (review). Int J Oncol. 2014 Sep;45(3):969-
77. doi: 10.3892/ij0.2014.2530. Epub 2014 Jun 27. PMID: 24990602.

Angioli R, Palaia I, Damiani P, Montera R, Benedetti Panici P. Aggiornamenti in tema di citoriduzione
nel trattamento del carcinoma ovarico avanzato [Up-date on cytoreductive surgery in the management
of advanced ovarian cancer]. Minerva Ginecol. 2006 Dec;58(6):459-70. Italian. PMID: 17108876.

62



7
E X4

Armstrong DK. Relapsed ovarian cancer: challenges and management strategies for a chronic disease.
Oncologist. 2002;7 Suppl 5:20-8. doi: 10.1634/theoncologist.7-suppl_5-20. PMID: 12324630.

Aust S, Bachmayr-Heyda A, Pateisky P, Tong D, Darb-Esfahani S, Denkert C, Chekerov R, Sehouli J,
Mahner S, Van Gorp T, Vergote I, Speiser P, Horvat R, Zeillinger R, Pils D. Role of TRAP1 and
estrogen receptor alpha in patients with ovarian cancer -a study of the OVCAD consortium. Mol
Cancer. 2012 Sep 14;11:69. doi: 10.1186/1476-4598-11-69. PMID: 22978347; PMCID: PMC3533746.
Bagnoli M, Beretta GL, Gatti L, Pilotti S, Alberti P, Tarantino E, Barbareschi M, Canevari S,
Mezzanzanica D, Perego P. Clinicopathological impact of ABCC1/MRP1 and ABCC4/MRP4 in
epithelial ovarian carcinoma. Biomed Res Int. 2013;2013:143202. doi: 10.1155/2013/143202. Epub
2013 Aug 19. PMID: 24024181; PMCID: PMC3760178.

Bapat SA, Mali AM, Koppikar CB, Kurrey NK. Stem and progenitor-like cells contribute to the
aggressive behavior of human epithelial ovarian cancer. Cancer Res. 2005 Apr 15;65(8):3025-9. doi:
10.1158/0008-5472.CAN-04-3931. PMID: 15833827.

Barbier-Torres L, Fortner KA, Iruzubieta P, Delgado TC, Giddings E, Chen Y, Champagne D,
Fernandez-Ramos D, Mestre D, Gomez-Santos B, Varela-Rey M, de Juan VG, Fernandez-Tussy P,
Zubiete-Franco |1, Garcia-Monzon C, Gonzalez-Rodriguez A, Oza D, Valenca-Pereira F, Fang Q,
Crespo J, Aspichueta P, Tremblay F, Christensen BC, Anguita J, Martinez-Chantar ML, Rincon M.
Silencing hepatic MCJ attenuates non-alcoholic fatty liver disease (NAFLD) by increasing
mitochondrial fatty acid oxidation. Nat Commun. 2020 Jul 3;11(1):3360. doi: 10.1038/s41467-020-
16991-2. PMID: 32620763; PMCID: PMC7334216.

Baribeau S, Chaudhry P, Parent S, Asselin E. Resveratrol inhibits cisplatin-induced epithelial-to-
mesenchymal transition in ovarian cancer cell lines. PLoS One. 2014 Jan 22;9(1):e86987. doi:
10.1371/journal.pone.0086987. PMID: 24466305; PMCID: PMC3899376.

Bell D et al., Cancer Genome Atlas Research Network. Integrated genomic analyses of ovarian
carcinoma. Nature. 2011 Jun 29;474(7353):609-15. doi: 10.1038/nature10166. Erratum in: Nature. 2012
Oct 11;490(7419):298. PMID: 21720365; PMCID: PMC3163504.

Bell EL, Chandel NS. Mitochondrial oxygen sensing: regulation of hypoxia-inducible factor by
mitochondrial generated reactive oxygen species. Essays Biochem. 2007;43:17-27. doi:
10.1042/BSE0430017. PMID: 17705790.

Bensaad K, Favaro E, Lewis CA, Peck B, Lord S, Collins JM, Pinnick KE, Wigfield S, Buffa FM, Li
JL, Zhang Q, Wakelam MJO, Karpe F, Schulze A, Harris AL. Fatty acid uptake and lipid storage
induced by HIF-1a contribute to cell growth and survival after hypoxia-reoxygenation. Cell Rep. 2014
Oct 9;9(1):349-365. doi: 10.1016/j.celrep.2014.08.056. Epub 2014 Sep 25. PMID: 25263561.

Bertout JA, Patel SA, Simon MC. The impact of O2 availability on human cancer. Nat Rev Cancer.
2008 Dec;8(12):967-75. doi: 10.1038/nrc2540. Epub 2008 Nov 6. PMID: 18987634; PMCID:
PMC3140692.

Bhalla K, Hwang BJ, Dewi RE, Ou L, Twaddel W, Fang HB, Vafai SB, Vazquez F, Puigserver P,
Boros L, Girnun GD. PGCla promotes tumor growth by inducing gene expression programs supporting
lipogenesis. Cancer Res. 2011 Nov 1;71(21):6888-98. doi: 10.1158/0008-5472.CAN-11-1011. Epub
2011 Sep 13. PMID: 21914785; PMCID: PMC3282487.

63



7
E X4

Bonora E, Porcelli AM, Gasparre G, Biondi A, Ghelli A, Carelli V, Baracca A, Tallini G, Martinuzzi A,
Lenaz G, Rugolo M, Romeo G. Defective oxidative phosphorylation in thyroid oncocytic carcinoma is
associated with pathogenic mitochondrial DNA mutations affecting complexes | and I1l. Cancer Res.
2006 Jun 15;66(12):6087-96. doi: 10.1158/0008-5472.CAN-06-0171. PMID: 16778181.

Boroughs LK, DeBerardinis RJ. Metabolic pathways promoting cancer cell survival and growth. Nat
Cell Biol. 2015 Apr;17(4):351-9. doi: 10.1038/nch3124. Epub 2015 Mar 16. PMID: 25774832;
PMCID: PMC4939711.

Borst P, Elferink RO. Mammalian ABC transporters in health and disease. Annu Rev Biochem.
2002;71:537-92. doi: 10.1146/annurev.biochem.71.102301.093055. Epub 2001 Nov 9. PMID:
12045106.

Bouchez C, Devin A. Mitochondrial Biogenesis and Mitochondrial Reactive Oxygen Species (ROS): A
Complex Relationship Regulated by the cAMP/PKA Signaling Pathway. Cells. 2019 Mar 27;8(4):287.
doi: 10.3390/cells8040287. PMID: 30934711; PMCID: PMC6523352.

Brabletz T. To differentiate or not--routes towards metastasis. Nat Rev Cancer. 2012 May 11;12(6):425-
36. doi: 10.1038/nrc3265. PMID: 22576165.

Bradford MM. A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal Biochem. 1976 May 7;72:248-54. doi:
10.1006/abi0.1976.9999. PMID: 942051.

Brasseur K, Gévry N, Asselin E. Chemoresistance and targeted therapies in ovarian and endometrial
cancers. Oncotarget. 2017 Jan 17;8(3):4008-4042. doi: 10.18632/oncotarget.14021. PMID: 28008141,
PMCID: PMC5354810.

Bristow RE, Gossett DR, Shook DR, Zahurak ML, Tomacruz RS, Armstrong DK, Montz FJ.
Micropapillary serous ovarian carcinoma: surgical management and clinical outcome. Gynecol Oncol.
2002 Aug;86(2):163-70. doi: 10.1006/gyno.2002.6736. PMID: 12144823.

Brooks CL, Gu W. New insights into p53 activation. Cell Res. 2010 Jun;20(6):614-21. doi:
10.1038/cr.2010.53. Epub 2010 Apr 20. PMID: 20404858; PMCID: PMC3070262.

Brosh R, Rotter V. When mutants gain new powers: news from the mutant p53 field. Nat Rev Cancer.
2009 Oct;9(10):701-13. doi: 10.1038/nrc2693. Epub 2009 Aug 20. PMID: 19693097.

Bugide S, Gonugunta VK, Penugurti V, Malisetty VL, Vadlamudi RK, Manavathi B. HPIP promotes
epithelial-mesenchymal transition and cisplatin resistance in ovarian cancer cells through PI3K/AKT
pathway activation. Cell Oncol (Dordr). 2017 Apr;40(2):133-144. doi: 10.1007/s13402-016-0308-2.
Epub 2016 Dec 30. PMID: 28039608.

Burger RA, Brady MF, Bookman MA, Fleming GF, Monk BJ, Huang H, Mannel RS, Homesley HD,
Fowler J, Greer BE, Boente M, Birrer MJ, Liang SX; Gynecologic Oncology Group. Incorporation of
bevacizumab in the primary treatment of ovarian cancer. N Engl J Med. 2011 Dec 29;365(26):2473-83.
doi: 10.1056/NEJM0al1104390. PMID: 22204724.

Calderwood SK, Khaleque MA, Sawyer DB, Ciocca DR. Heat shock proteins in cancer: chaperones of
tumorigenesis. Trends Biochem Sci. 2006 Mar;31(3):164-72. doi: 10.1016/j.tibs.2006.01.006. Epub
2006 Feb 17. PMID: 16483782.

64



7
E X4

Calvo JA, Daniels TG, Wang X, Paul A, Lin J, Spiegelman BM, Stevenson SC, Rangwala SM. Muscle-
specific expression of PPARgamma coactivator-lalpha improves exercise performance and increases
peak oxygen uptake. J Appl Physiol (1985). 2008 May;104(5):1304-12.  doi:
10.1152/japplphysiol.01231.2007. Epub 2008 Jan 31. PMID: 18239076.

Caneba CA, Bellance N, Yang L, Pabst L, Nagrath D. Pyruvate uptake is increased in highly invasive
ovarian cancer cells under anoikis conditions for anaplerosis, mitochondrial function, and migration.
Am J Physiol Endocrinol Metab. 2012 Oct 15;303(8):E1036-52. doi: 10.1152/ajpendo.00151.2012.
Epub 2012 Aug 14. PMID: 22895781.

Cardenas C, Montagna MK, Pitruzzello M, Lima E, Mor G, Alvero AB. Adipocyte microenvironment
promotes Bclxl expression and confers chemoresistance in ovarian cancer cells. Apoptosis. 2017
Apr;22(4):558-569. doi: 10.1007/s10495-016-1339-x. PMID: 28012060.

Cardoso MR, Santos JC, Ribeiro ML, Talarico MCR, Viana LR, Derchain SFM. A Metabolomic
Approach to Predict Breast Cancer Behavior and Chemotherapy Response. Int J Mol Sci. 2018 Feb
21;19(2):617. doi: 10.3390/ijms19020617. PMID: 29466297; PMCID: PMC5855839.

Champagne DP, Hatle KM, Fortner KA, D'Alessandro A, Thornton TM, Yang R, Torralba D, Tomas-
Cortazar J, Jun YW, Ahn KH, Hansen KC, Haynes L, Anguita J, Rincon M. Fine-Tuning of CD8(+) T
Cell Mitochondrial Metabolism by the Respiratory Chain Repressor MCJ Dictates Protection to
Influenza Virus. Immunity. 2016 Jun 21;44(6):1299-311. doi: 10.1016/j.immuni.2016.02.018. Epub
2016 May 24. PMID: 27234056; PMCID: PMC4917451.

Chatterjee S, Burns TF. Targeting Heat Shock Proteins in Cancer: A Promising Therapeutic Approach.
Int J Mol Sci. 2017 Sep 15;18(9):1978. doi: 10.3390/ijms18091978. PMID: 28914774; PMCID:
PMC5618627.

Chen J. The Cell-Cycle Arrest and Apoptotic Functions of p53 in Tumor Initiation and Progression.
Cold Spring Harb Perspect Med. 2016 Mar 1;6(3):a026104. doi: 10.1101/cshperspect.a026104. PMID:
26931810; PMCID: PMC4772082.

Chen RR, Yung MMH, Xuan Y, Zhan S, Leung LL, Liang RR, Leung THY, Yang H, Xu D, Sharma R,
Chan KKL, Ngu SF, Ngan HYS, Chan DW. Targeting of lipid metabolism with a metabolic inhibitor
cocktail eradicates peritoneal metastases in ovarian cancer cells. Commun Biol. 2019 Jul 31;2:281. doi:
10.1038/s42003-019-0508-1. PMID: 31372520; PMCID: PMC6668395.

Chikazawa N, Tanaka H, Tasaka T, Nakamura M, Tanaka M, Onishi H, Katano M. Inhibition of Wnt
signaling pathway decreases chemotherapy-resistant side-population colon cancer cells. Anticancer Res.
2010 Jun;30(6):2041-8. PMID: 20651349.

Choi CH. ABC transporters as multidrug resistance mechanisms and the development of
chemosensitizers for their reversal. Cancer Cell Int. 2005 Oct 4;5:30. doi: 10.1186/1475-2867-5-30.
PMID: 16202168; PMCID: PMC1277830.

Chowanadisai W, Messerli SM, Miller DH, Medina JE, Hamilton JW, Messerli MA, Brodsky AS.
Cisplatin Resistant Spheroids Model Clinically Relevant Survival Mechanisms in Ovarian Tumors.
PLoS One. 2016 Mar 17;11(3):e0151089. doi: 10.1371/journal.pone.0151089. PMID: 26986722;
PMCID: PMC4795743.

65



7
E X4

Ciocca DR, Calderwood SK. Heat shock proteins in cancer: diagnostic, prognostic, predictive, and
treatment implications. Cell Stress Chaperones. 2005 Summer;10(2):86-103. doi: 10.1379/csc-99r.1.
PMID: 16038406; PMCID: PMC1176476.

Cole SP, Sparks KE, Fraser K, Loe DW, Grant CE, Wilson GM, Deeley RG. Pharmacological
characterization of multidrug resistant MRP-transfected human tumor cells. Cancer Res. 1994 Nov
15;54(22):5902-10. PMID: 7954421.

Corbet C, Pinto A, Martherus R, Santiago de Jesus JP, Polet F, Feron O. Acidosis Drives the
Reprogramming of Fatty Acid Metabolism in Cancer Cells through Changes in Mitochondrial and
Histone Acetylation. Cell Metab. 2016 Aug 9;24(2):311-23. doi: 10.1016/j.cmet.2016.07.003. PMID:
27508876.

Cross CE, Halliwell B, Borish ET, Pryor WA, Ames BN, Saul RL, McCord JM, Harman D. Oxygen
radicals and human disease. Ann Intern Med. 1987 Oct;107(4):526-45. doi: 10.7326/0003-4819-107-4-
526. PMID: 3307585.

D'Aurelio M, Gajewski CD, Lenaz G, Manfredi G. Respiratory chain supercomplexes set the threshold
for respiration defects in human mtDNA mutant cybrids, Human Molecular Genetics, Volume 15, Issue
13, 1 July 2006, Pages 2157-2169, https://doi.org/10.1093/hmg/ddi141.

Danhier P, Banski P, Payen VL, Grasso D, Ippolito L, Sonveaux P, Porporato PE. Cancer metabolism in
space and time: Beyond the Warburg effect. Biochim Biophys Acta Bioenerg. 2017 Aug;1858(8):556-
572. doi: 10.1016/j.bbabio.2017.02.001. Epub 2017 Feb 4. PMID: 28167100.

Dar S, Chhina J, Mert I, Chitale D, Buekers T, Kaur H, Giri S, Munkarah A, Rattan R. Bioenergetic
Adaptations in Chemoresistant Ovarian Cancer Cells. Sci Rep. 2017 Aug 18;7(1):8760. doi:
10.1038/s41598-017-09206-0. PMID: 28821788; PMCID: PMC5562731.

De Luise M, Girolimetti G, Okere B, Porcelli AM, Kurelac I, Gasparre G. Molecular and metabolic
features of oncocytomas: Seeking the blueprints of indolent cancers. Biochim Biophys Acta Bioenerg.
2017 Aug;1858(8):591-601. doi: 10.1016/j.bbabio.2017.01.009. Epub 2017 Jan 20. PMID: 28115060.
Dier U, Shin DH, Hemachandra LP, Uusitalo LM, Hempel N. Bioenergetic analysis of ovarian cancer
cell lines: profiling of histological subtypes and identification of a mitochondria-defective cell line.
PL0S One. 2014 May 23;9(5):€98479. doi: 10.1371/journal.pone.0098479. PMID: 24858344; PMCID:
PMC4032324.

Dillon LM, Rebelo AP, Moraes CT. The role of PGC-1 coactivators in aging skeletal muscle and heart.
IUBMB Life. 2012 Mar;64(3):231-41. doi: 10.1002/iub.608. Epub 2012 Jan 25. PMID: 22279035;
PMCID: PMC4080206.

Doege K, Heine S, Jensen I, Jelkmann W, Metzen E. Inhibition of mitochondrial respiration elevates
oxygen concentration but leaves regulation of hypoxia-inducible factor (HIF) intact. Blood. 2005 Oct
1;106(7):2311-7. doi: 10.1182/blood-2005-03-1138. Epub 2005 Jun 9. PMID: 15947089.

Doyle LA, Yang W, Abruzzo LV, Krogmann T, Gao Y, Rishi AK, Ross DD. A multidrug resistance
transporter from human MCF-7 breast cancer cells. Proc Natl Acad Sci U S A. 1998 Dec
22;95(26):15665-70. doi: 10.1073/pnas.95.26.15665. Erratum in: Proc Natl Acad Sci U S A 1999 Mar
2;96(5):2569. PMID: 9861027; PMCID: PMC28101.

66



KD
0‘0

7
E X4

7
E X4

du Bois A, Lick HJ, Meier W, Adams HP, Mébus V, Costa S, Bauknecht T, Richter B, Warm M,
Schréder W, Olbricht S, Nitz U, Jackisch C, Emons G, Wagner U, Kuhn W, Pfisterer J;
Arbeitsgemeinschaft Gynékologische Onkologie Ovarian Cancer Study Group. A randomized clinical
trial of cisplatin/paclitaxel versus carboplatin/paclitaxel as first-line treatment of ovarian cancer. J Natl
Cancer Inst. 2003 Sep 3;95(17):1320-9. doi: 10.1093/jnci/djg036. PMID: 12953086.

el-Deiry WS, Tokino T, Velculescu VE, Levy DB, Parsons R, Trent JM, Lin D, Mercer WE, Kinzler
KW, Vogelstein B. WAF1, a potential mediator of p53 tumor suppression. Cell. 1993 Nov
19;75(4):817-25. doi: 10.1016/0092-8674(93)90500-p. PMID: 8242752.

Espinosa-Diez C, Miguel V, Mennerich D, Kietzmann T, Sanchez-Pérez P, Cadenas S, Lamas S.
Antioxidant responses and cellular adjustments to oxidative stress. Redox Biol. 2015 Dec;6:183-197.
doi: 10.1016/j.redox.2015.07.008. Epub 2015 Jul 21. PMID: 26233704; PMCID: PMC4534574.

Fabian C, Koetz L, Favaro E, Indraccolo S, Mueller-Klieser W, Sattler UG. Protein profiles in human
ovarian cancer cell lines correspond to their metabolic activity and to metabolic profiles of respective
tumor xenografts. FEBS J. 2012 Mar;279(5):882-91. doi: 10.1111/j.1742-4658.2012.08479.x. Epub
2012 Feb 6. PMID: 22240028.

Fardel O, Jigorel E, Le Vee M, Payen L. Physiological, pharmacological and clinical features of the
multidrug  resistance protein 2. Biomed Pharmacother. 2005 Apr;59(3):104-14. doi:
10.1016/j.biopha.2005.01.005. PMID: 15795103.

Faubert B, Solmonson A, DeBerardinis RJ. Metabolic reprogramming and cancer progression. Science.
2020 Apr 10;368(6487):eaawb473. doi: 10.1126/science.aaw5473. PMID: 32273439; PMCID:
PMC7227780.

Fernandez-Cabezudo MJ, Faour I, Jones K, Champagne DP, Jaloudi MA, Mohamed YA, Bashir G,
Almarzooqi S, Albawardi A, Hashim MJ, Roberts TS, El-Salhat H, El-Taji H, Kassis A, O'Sullivan DE,
Christensen BC, DeGregori J, Al-Ramadi BK, Rincon M. Deficiency of mitochondrial modulator MCJ
promotes chemoresistance in breast cancer. JCI Insight. 2016 May 19;1(7):e86873. doi:
10.1172/jci.insight.86873. PMID: 27275014; PMCID: PMC4888911.

Frezza C, Gottlieb E. Mitochondria in cancer: not just innocent bystanders. Semin Cancer Biol. 2009
Feb;19(1):4-11. doi: 10.1016/j.semcancer.2008.11.008. Epub 2008 Dec 3. PMID: 19101633.

Friedman GD, Skilling JS, Udaltsova NV, Smith LH. Early symptoms of ovarian cancer: a case-control
study without recall bias. Fam Pract. 2005 Oct;22(5):548-53. doi: 10.1093/fampra/cmi044. Epub 2005
Jun 17. PMID: 15964871.

Fuertes MA, Castilla J, Alonso C, Pérez JM. Cisplatin biochemical mechanism of action: from
cytotoxicity to induction of cell death through interconnections between apoptotic and necrotic
pathways. Curr Med Chem. 2003 Feb;10(3):257-66. doi: 10.2174/0929867033368484. PMID:
12570712.

Funato Y, Michiue T, Asashima M, Miki H. The thioredoxin-related redox-regulating protein
nucleoredoxin inhibits Wnt-beta-catenin signalling through dishevelled. Nat Cell Biol. 2006
May;8(5):501-8. doi: 10.1038/nch1405. Epub 2006 Apr 2. PMID: 16604061.

67



7
E X4

Gallamini A, Zwarthoed C, Borra A. Positron Emission Tomography (PET) in Oncology. Cancers
(Basel). 2014 Sep 29;6(4):1821-89. doi: 10.3390/cancers6041821. PMID: 25268160; PMCID:
PMC4276948.

Gasparre G, Kurelac I, Capristo M, lommarini L, Ghelli A, Ceccarelli C, Nicoletti G, Nanni P, De
Giovanni C, Scotlandi K, Betts CM, Carelli V, Lollini PL, Romeo G, Rugolo M, Porcelli AM. A
mutation threshold distinguishes the antitumorigenic effects of the mitochondrial gene MTND1, an
oncojanus function. Cancer Res. 2011 Oct 1;71(19):6220-9. doi: 10.1158/0008-5472.CAN-11-1042.
Epub 2011 Aug 18. PMID: 21852384,

Gasparre G, Porcelli AM, Bonora E, Pennisi LF, Toller M, lommarini L, Ghelli A, Moretti M, Betts
CM, Martinelli GN, Ceroni AR, Curcio F, Carelli V, Rugolo M, Tallini G, Romeo G. Disruptive
mitochondrial DNA mutations in complex | subunits are markers of oncocytic phenotype in thyroid
tumors. Proc Natl Acad Sci U S A. 2007 May 22;104(21):9001-6. doi: 10.1073/pnas.0703056104. Epub
2007 May 15. PMID: 17517629; PMCID: PMC1885617.

Gatenby RA, Silva AS, Gillies RJ, Frieden BR. Adaptive therapy. Cancer Res. 2009 Jun 1;69(11):4894-
903. doi: 10.1158/0008-5472.CAN-08-3658. PMID: 19487300; PMCID: PMC3728826.

Gelmon KA, Tischkowitz M, Mackay H, Swenerton K, Robidoux A, Tonkin K, Hirte H, Huntsman D,
Clemons M, Gilks B, Yerushalmi R, Macpherson E, Carmichael J, Oza A. Olaparib in patients with
recurrent high-grade serous or poorly differentiated ovarian carcinoma or triple-negative breast cancer:
a phase 2, multicentre, open-label, non-randomised study. Lancet Oncol. 2011 Sep;12(9):852-61. doi:
10.1016/S1470-2045(11)70214-5. Epub 2011 Aug 19. PMID: 21862407.

Genova ML, Lenaz G. Functional role of mitochondrial respiratory supercomplexes. Biochim Biophys
Acta. 2014 Apr;1837(4):427-43. doi: 10.1016/j.bbabio.2013.11.002. Epub 2013 Nov 15. PMID:
24246637.

Genova ML, Lenaz G. The Interplay Between Respiratory Supercomplexes and ROS in Aging.
Antioxid Redox Signal. 2015 Jul 20;23(3):208-38. doi: 10.1089/ars.2014.6214. Epub 2015 Mar 25.
PMID: 25711676.

Gentric G, Kieffer Y, Mieulet V, Goundiam O, Bonneau C, Nemati F, Hurbain I, Raposo G, Popova T,
Stern MH, Lallemand-Breitenbach V, Miller S, Cafieque T, Rodriguez R, Vincent-Salomon A, de Thé
H, Rossignol R, Mechta-Grigoriou F. PML-Regulated Mitochondrial Metabolism Enhances
Chemosensitivity in Human Ovarian Cancers. Cell Metab. 2019 Jan 8;29(1):156-173.e10. doi:
10.1016/j.cmet.2018.09.002. Epub 2018 Sep 20. PMID: 30244973; PMCID: PMC6331342.

Ghelli A, Tropeano CV, Calvaruso MA, Marchesini A, lommarini L, Porcelli AM, Zanna C, De Nardo
V, Martinuzzi A, Wibrand F, Vissing J, Kurelac I, Gasparre G, Selamoglu N, Daldal F, Rugolo M. The
cytochrome b p.278Y>C mutation causative of a multisystem disorder enhances superoxide production
and alters supramolecular interactions of respiratory chain complexes. Hum Mol Genet. 2013 Jun
1;22(11):2141-51. doi: 10.1093/hmg/ddt067. Epub 2013 Feb 14. PMID: 23418307; PMCID:
PMC3652418.

Giddings, E.L., Champagne, D.P., Wu, MH. et al. Mitochondrial ATP fuels ABC transporter-mediated
drug efflux in cancer chemoresistance. Nat. Commun. 2021. 12, 2804. doi:
https://doi.org/10.1038/s41467-021-23071-6

68



KD
*

7
*

7
E X4

7
E X4

Girolimetti G, Guerra F, lommarini L, Kurelac I, Vergara D, Maffia M, Vidone M, Amato LB, Leone
G, Dusi S, Tiranti V, Perrone AM, Bucci C, Porcelli AM, Gasparre G. Platinum-induced mitochondrial
DNA mutations confer lower sensitivity to paclitaxel by impairing tubulin cytoskeletal organization.
Hum Mol Genet. 2017 Aug 1;26(15):2961-2974. doi: 10.1093/hmg/ddx186. PMID: 28486623.

Goff BA, Mandel LS, Drescher CW, Urban N, Gough S, Schurman KM, Patras J, Mahony BS,
Andersen MR. Development of an ovarian cancer symptom index: possibilities for earlier detection.
Cancer. 2007 Jan 15;109(2):221-7. doi: 10.1002/cncr.22371. PMID: 17154394,

Gottesman MM. Mechanisms of cancer drug resistance. Annu Rev Med. 2002;53:615-27. doi:
10.1146/annurev.med.53.082901.103929. PMID: 11818492.

Hagen T, Taylor CT, Lam F, Moncada S. Redistribution of intracellular oxygen in hypoxia by nitric
oxide: effect on HIFlalpha. Science. 2003 Dec 12;302(5652):1975-8. doi: 10.1126/science.1088805.
PMID: 14671307.

Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. 2011 Mar 4;144(5):646-74.
doi: 10.1016/j.cell.2011.02.013. PMID: 21376230.

Hartl FU. Molecular chaperones in cellular protein folding. Nature. 1996 Jun 13;381(6583):571-9. doi:
10.1038/381571a0. PMID: 8637592.

Haslehurst AM, Koti M, Dharsee M, Nuin P, Evans K, Geraci J, Childs T, Chen J, Li J, Weberpals J,
Davey S, Squire J, Park PC, Feilotter H. EMT transcription factors snail and slug directly contribute to
cisplatin resistance in ovarian cancer. BMC Cancer. 2012 Mar 19;12:91. doi: 10.1186/1471-2407-12-
91. PMID: 22429801; PMCID: PMC3342883.

Hatazawa Y, Senoo N, Tadaishi M, Ogawa Y, Ezaki O, Kamei Y, Miura S. Metabolomic Analysis of
the Skeletal Muscle of Mice Over-expressing PGC-1a. PLoS One. 2015 Jun 26;10(6):¢0129084. doi:
10.1371/journal.pone.0129084. PMID: 26114427; PMCID: PMC4482640.

Hatle KM, Gummadidala P, Navasa N, Bernardo E, Dodge J, Silverstrim B, Fortner K, Burg E, Suratt
BT, Hammer J, Radermacher M, Taatjes DJ, Thornton T, Anguita J, Rincon M. MCJ/DnaJC15, an
endogenous mitochondrial repressor of the respiratory chain that controls metabolic alterations. Mol
Cell Biol. 2013 Jun;33(11):2302-14. doi: 10.1128/MCB.00189-13. Epub 2013 Mar 25. PMID:
23530063; PMCID: PMC3648061.

Hendriks LEL, Dingemans AC. Heat shock protein antagonists in early stage clinical trials for NSCLC.
Expert Opin Investig Drugs. 2017 May;26(5):541-550. doi: 10.1080/13543784.2017.1302428. Epub
2017 Mar 8. PMID: 28274158.

Higgins CF. ABC transporters: physiology, structure and mechanism--an overview. Res Microbiol.
2001 Apr-May;152(3-4):205-10. doi: 10.1016/s0923-2508(01)01193-7. PMID: 11421269.
Holschneider CH, Berek JS. Ovarian cancer: epidemiology, biology, and prognostic factors. Semin Surg
Oncol. 2000 Jul-Aug;19(1):3-10. doi: 10.1002/1098-2388(200007/08)19:1<3::aid-ssu2>3.0.co;2-s.
PMID: 10883018.

Hoter A, Rizk S, Naim HY. The Multiple Roles and Therapeutic Potential of Molecular Chaperones in
Prostate Cancer. Cancers (Basel). 2019 Aug 16;11(8):1194. doi: 10.3390/cancers11081194. PMID:
31426412; PMCID: PMC6721600.

69



KD
0‘0

7
E X4

7
E X4

Hu Y, Yang L, Yang Y, Han Y, Wang Y, Liu W, Zuo J. Oncogenic role of mortalin contributes to
ovarian tumorigenesis by activating the MAPK-ERK pathway. J Cell Mol Med. 2016 Nov;20(11):2111-
2121. doi: 10.1111/jcmm.12905. Epub 2016 Jul 4. PMID: 27374312; PMCID: PMC5082394.

Huang L, Ao Q, Zhang Q, Yang X, Xing H, Li F, Chen G, Zhou J, Wang S, Xu G, Meng L, Lu Y, Ma
D. Hypoxia induced paclitaxel resistance in human ovarian cancers via hypoxia-inducible factor lalpha.
J Cancer Res Clin Oncol. 2010 Mar;136(3):447-56. doi: 10.1007/s00432-009-0675-4. Epub 2009 Sep
16. PMID: 19760195.

Ichijo H, Nishida E, Irie K, ten Dijke P, Saitoh M, Moriguchi T, Takagi M, Matsumoto K, Miyazono K,
Gotoh Y. Induction of apoptosis by ASK1, a mammalian MAPKKK that activates SAPK/JNK and p38
signaling pathways. Science. 1997 Jan 3;275(5296):90-4. doi: 10.1126/science.275.5296.90. PMID:
8974401.

lommarini L, Calvaruso MA, Kurelac |, Gasparre G, Porcelli AM. Complex | impairment in
mitochondrial diseases and cancer: parallel roads leading to different outcomes. Int J Biochem Cell
Biol. 2013 Jan;45(1):47-63. doi: 10.1016/j.biocel.2012.05.016. Epub 2012 Jun 2. PMID: 22664328.
lommarini L, Ghelli A, Gasparre G, Porcelli AM. Mitochondrial metabolism and energy sensing in
tumor progression. Biochim Biophys Acta Bioenerg. 2017 Aug;1858(8):582-590. doi:
10.1016/j.bbabio.2017.02.006. Epub 2017 Feb 14. PMID: 28213331.

Jain M, Nilsson R, Sharma S, Madhusudhan N, Kitami T, Souza AL, Kafri R, Kirschner MW, Clish
CB, Mootha VK. Metabolite profiling identifies a key role for glycine in rapid cancer cell proliferation.
Science. 2012 May 25;336(6084):1040-4. doi: 10.1126/science.1218595. PMID: 22628656; PMCID:
PMC3526189.

James A, Wang Y, Raje H, Rosby R, DiMario P. Nucleolar stress with and without p53. Nucleus. 2014
Sep-Oct;5(5):402-26. doi: 10.4161/nucl.32235. PMID: 25482194; PMCID: PMC4164484.

Jego G, Hazoumé A, Seigneuric R, Garrido C. Targeting heat shock proteins in cancer. Cancer Lett.
2013 May 28;332(2):275-85. doi: 10.1016/j.canlet.2010.10.014. Epub 2010 Nov 13. PMID: 21078542.
Jia D, Park JH, Jung KH, Levine H, Kaipparettu BA. Elucidating the Metabolic Plasticity of Cancer:
Mitochondrial Reprogramming and Hybrid Metabolic States. Cells. 2018 Mar 13;7(3):21. doi:
10.3390/cells7030021. PMID: 29534029; PMCID: PMC5870353.

Jiang L, Kon N, Li T, Wang SJ, Su T, Hibshoosh H, Baer R, Gu W. Ferroptosis as a p53-mediated
activity during tumour suppression. Nature. 2015 Apr 2;520(7545):57-62. doi: 10.1038/nature14344.
Epub 2015 Mar 18. PMID: 25799988; PMCID: PMC4455927.

Jornayvaz FR, Shulman GI. Regulation of mitochondrial biogenesis. Essays Biochem. 2010;47:69-84.
doi: 10.1042/bse0470069. PMID: 20533901; PMCID: PMC3883043.

Ju YS, Alexandrov LB, Gerstung M, Martincorena |, Nik-Zainal S, Ramakrishna M, Davies HR,
Papaemmanuil E, Gundem G, Shlien A, Bolli N, Behjati S, Tarpey PS, Nangalia J, Massie CE, Butler
AP, et al. Origins and functional consequences of somatic mitochondrial DNA mutations in human
cancer. Elife. 2014 Oct 1;3:02935. doi: 10.7554/eLife.02935. PMID: 25271376; PMCID:
PMC4371858.

70



7
E X4

Jun JC, Rathore A, Younas H, Gilkes D, Polotsky VY. Hypoxia-Inducible Factors and Cancer. Curr
Sleep Med Rep. 2017 Mar;3(1):1-10. doi: 10.1007/s40675-017-0062-7. Epub 2017 Jan 28. PMID:
28944164; PMCID: PMC5607450.

Kampinga HH, Hageman J, Vos MJ, Kubota H, Tanguay RM, Bruford EA, Cheetham ME, Chen B,
Hightower LE. Guidelines for the nomenclature of the human heat shock proteins. Cell Stress
Chaperones. 2009 Jan;14(1):105-11. doi: 10.1007/s12192-008-0068-7. Epub 2008 Jul 29. PMID:
18663603; PMCID: PMC2673902.

Kang BH, Plescia J, Dohi T, Rosa J, Doxsey SJ, Altieri DC. Regulation of tumor cell mitochondrial
homeostasis by an organelle-specific Hsp90 chaperone network. Cell. 2007 Oct 19;131(2):257-70. doi:
10.1016/j.cell.2007.08.028. PMID: 17956728.

Kaul SC, Aida S, Yaguchi T, Kaur K, Wadhwa R. Activation of wild type p53 function by its mortalin-
binding, cytoplasmically localizing carboxyl terminus peptides. J Biol Chem. 2005 Nov
25;280(47):39373-9. doi: 10.1074/jbc.M500022200. Epub 2005 Sep 21. PMID: 16176931.

Kaul SC, Deocaris CC, Wadhwa R. Three faces of mortalin: a housekeeper, guardian and Killer. Exp
Gerontol. 2007 Apr;42(4):263-74. doi: 10.1016/j.exger.2006.10.020. Epub 2006 Dec 22. PMID:
17188442,

Kennedy D, Jager R, Mosser DD, Samali A. Regulation of apoptosis by heat shock proteins. IUBMB
Life. 2014 May;66(5):327-38. doi: 10.1002/iub.1274. Epub 2014 May 26. PMID: 24861574.

Kim H, Rodriguez-Navas C, Kollipara RK, Kapur P, Pedrosa I, Brugarolas J, Kittler R, Ye J.
Unsaturated Fatty Acids Stimulate Tumor Growth through Stabilization of B-Catenin. Cell Rep. 2015
Oct 20;13(3):495-503. doi: 10.1016/j.celrep.2015.09.010. Epub 2015 Oct 8. PMID: 26456834; PMCID:
PMC4618234.

Kim J, Coffey DM, Ma L, Matzuk MM. The ovary is an alternative site of origin for high-grade serous
ovarian cancer in mice. Endocrinology. 2015 Jun;156(6):1975-81. doi: 10.1210/en.2014-1977. Epub
2015 Mar 27. PMID: 25815421; PMCID: PMC5393339.

Klimova T, Chandel NS. Mitochondrial complex Il regulates hypoxic activation of HIF. Cell Death
Differ. 2008 Apr;15(4):660-6. doi: 10.1038/sj.cdd.4402307. Epub 2008 Jan 25. PMID: 18219320.
Krimmel JD, Schmitt MW, Harrell MI, Agnew KJ, Kennedy SR, Emond MJ, Loeb LA, Swisher EM,
Risques RA. Ultra-deep sequencing detects ovarian cancer cells in peritoneal fluid and reveals somatic
TP53 mutations in noncancerous tissues. Proc Natl Acad Sci U S A. 2016 May 24;113(21):6005-10.
doi: 10.1073/pnas.1601311113. Epub 2016 May 5. PMID: 27152024; PMCID: PMC4889384.

Kurelac I, lommarini L, Vatrinet R, Amato LB, De Luise M, Leone G, Girolimetti G, Umesh Ganesh N,
Bridgeman VL, Ombrato L, Columbaro M, Ragazzi M, Gibellini L, Sollazzo M, Feichtinger RG, Vidali
S, Baldassarre M, Foriel S, Vidone M, Cossarizza A, Grifoni D, Kofler B, Malanchi I, Porcelli AM,
Gasparre G. Inducing cancer indolence by targeting mitochondrial Complex | is potentiated by blocking
macrophage-mediated adaptive responses. Nat Commun. 2019 Feb 22;10(1):903. doi: 10.1038/s41467-
019-08839-1. PMID: 30796225; PMCID: PMC6385215.

LaFargue CJ, Dal Molin GZ, Sood AK, Coleman RL. Exploring and comparing adverse events between
PARP inhibitors. Lancet Oncol. 2019 Jan;20(1):e15-e28. doi: 10.1016/S1470-2045(18)30786-1. PMID:
30614472; PMCID: PMC7292736.

71



7
E X4

Landriscina M, Amoroso MR, Piscazzi A, Esposito F. Heat shock proteins, cell survival and drug
resistance: the mitochondrial chaperone TRAP1, a potential novel target for ovarian cancer therapy.
Gynecol Oncol. 2010 May;117(2):177-82. doi: 10.1016/j.ygyno0.2009.10.078. Epub 2009 Nov 25.
PMID: 19942270.

Ledermann J, Harter P, Gourley C, Friedlander M, Vergote I, Rustin G, Scott C, Meier W, Shapira-
Frommer R, Safra T, Matei D, Macpherson E, Watkins C, Carmichael J, Matulonis U. Olaparib
maintenance therapy in platinum-sensitive relapsed ovarian cancer. N Engl J Med. 2012 Apr
12;366(15):1382-92. doi: 10.1056/NEJM0al1105535. Epub 2012 Mar 27. PMID: 22452356.

Lee CK, Jeong SH, Jang C, Bae H, Kim YH, Park I, Kim SK, Koh GY. Tumor metastasis to lymph
nodes requires YAP-dependent metabolic adaptation. Science. 2019 Feb 8;363(6427):644-649. doi:
10.1126/science.aav0173. Epub 2019 Feb 7. PMID: 30733421.

Lee NCW, Carella MA, Papa S, Bubici C. High Expression of Glycolytic Genes in Cirrhosis Correlates
With the Risk of Developing Liver Cancer. Front Cell Dev Biol. 2018 Oct 31;6:138. doi:
10.3389/fcell.2018.00138. PMID: 30430110; PMCID: PMC6220322.

Lenaz G, Genova ML. Supramolecular organisation of the mitochondrial respiratory chain: a new
challenge for the mechanism and control of oxidative phosphorylation. Adv Exp Med Biol.
2012;748:107-44. doi: 10.1007/978-1-4614-3573-0_5. PMID: 22729856.

Leonard GD, Fojo T, Bates SE. The role of ABC transporters in clinical practice. Oncologist.
2003;8(5):411-24. doi: 10.1634/theoncologist.8-5-411. PMID: 14530494.

Leskela S, Romero I, Cristobal E, Pérez-Mies B, Rosa-Rosa JM, Gutierrez-Pecharroman A, Caniego-
Casas T, Santon A, Ojeda B, Lopez-Reig R, Palacios-Berraquero ML, Garcia A, lbarra J, Hakim S,
Guarch R, Lopez-Guerrero JA, Poveda A, Palacios J. Mismatch Repair Deficiency in Ovarian
Carcinoma: Frequency, Causes, and Consequences. Am J Surg Pathol. 2020 May;44(5):649-656. doi:
10.1097/PAS.0000000000001432. PMID: 32294063.

Letellier T, Heinrich R, Malgat M, Mazat JP. The kinetic basis of threshold effects observed in
mitochondrial diseases: a systemic approach. Biochem J. 1994 Aug 15;302 ( Pt 1)(Pt 1):171-4. doi:
10.1042/bj3020171.

Lettini G, Maddalena F, Sisinni L, Condelli V, Matassa DS, Costi MP, Simoni D, Esposito F,
Landriscina M. TRAP1: a viable therapeutic target for future cancer treatments? Expert Opin Ther
Targets. 2017 Aug;21(8):805-815. doi: 10.1080/14728222.2017.1349755. Epub 2017 Jul 18. PMID:
28664757.

Letts JA, Sazanov LA. Clarifying the supercomplex: the higher-order organization of the mitochondrial
electron transport chain. Nat Struct Mol Biol. 2017 Oct 5;24(10):800-808. doi: 10.1038/nsmb.3460.
PMID: 28981073.

Li S, Lv M, Qiu S, Meng J, Liu W, Zuo J, Yang L. NF-xB p65 promotes ovarian cancer cell
proliferation and migration via regulating mortalin. J Cell Mol Med. 2019 Jun;23(6):4338-4348. doi:
10.1111/jcmm.14325. Epub 2019 Apr 14. PMID: 30983127; PMCID: PMC6533498.

Lin J, Handschin C, Spiegelman BM. Metabolic control through the PGC-1 family of transcription
coactivators. Cell Metab. 2005 Jun;1(6):361-70. doi: 10.1016/j.cmet.2005.05.004. PMID: 16054085.

72



K2
0‘0

7
E X4

Lindsey JC, Lusher ME, Strathdee G, Brown R, Gilbertson RJ, Bailey S, Ellison DW, Clifford SC.
Epigenetic inactivation of MCJ (DNAJD1) in malignant paediatric brain tumours. Int J Cancer. 2006
Jan 15;118(2):346-52. doi: 10.1002/ijc.21353. PMID: 16049974.

Linton KJ. Structure and function of ABC transporters. Physiology (Bethesda). 2007 Apr;22:122-30.
doi: 10.1152/physiol.00046.2006. PMID: 17420303.

Lippert TH, Ruoff HJ, Volm M. Current status of methods to assess cancer drug resistance. Int J Med
Sci. 2011 Mar 23;8(3):245-53. doi: 10.7150/ijms.8.245. PMID: 21487568; PMCID: PMC3074090.
Lobo-Jarne T, Ugalde C. Respiratory chain supercomplexes: Structures, function and biogenesis. Semin
Cell Dev Biol. 2018 Apr;76:179-190. doi: 10.1016/j.semcdb.2017.07.021. Epub 2017 Jul 23. PMID:
28743641; PMCID: PMC5780262.

Lu C, Shervington A. Chemoresistance in gliomas. Mol Cell Biochem. 2008 May;312(1-2):71-80. doi:
10.1007/s11010-008-9722-8. Epub 2008 Feb 8. PMID: 18259841.

Luo LY, Herrera I, Soosaipillai A, Diamandis EP. Identification of heat shock protein 90 and other
proteins as tumour antigens by serological screening of an ovarian carcinoma expression library. Br J
Cancer. 2002 Jul 29;87(3):339-43. doi: 10.1038/sj.bjc.6600439. PMID: 12177805; PMCID:
PMC2364218.

MacDonald BT, Tamai K, He X. Wnt/beta-catenin signaling: components, mechanisms, and diseases.
Dev Cell. 2009 Jul;17(1):9-26. doi: 10.1016/j.devcel.2009.06.016. PMID: 19619488; PMCID:
PM(C2861485.

Maddocks OD, Labuschagne CF, Adams PD, Vousden KH. Serine Metabolism Supports the
Methionine Cycle and DNA/RNA Methylation through De Novo ATP Synthesis in Cancer Cells. Mol
Cell. 2016 Jan 21;61(2):210-21. doi: 10.1016/j.molcel.2015.12.014. Epub 2016 Jan 7. PMID:
26774282; PMCID: PMC4728077.

Maliepaard M, van Gastelen MA, de Jong LA, Pluim D, van Waardenburg RC, Ruevekamp-Helmers
MC, Floot BG, Schellens JH. Over-expression of the BCRP/MXR/ABCP gene in a topotecan-selected
ovarian tumor cell line. Cancer Res. 1999 Sep 15;59(18):4559-63. PMID: 10493507.

Mantovani F, Collavin L, Del Sal G. Mutant p53 as a guardian of the cancer cell. Cell Death Differ.
2019 Jan;26(2):199-212. doi: 10.1038/s41418-018-0246-9. Epub 2018 Dec 11. PMID: 30538286;
PMCID: PMC6329812.

Maranzana E, Barbero G, Falasca Al, Lenaz G, Genova ML. Mitochondrial respiratory supercomplex
association limits production of reactive oxygen species from complex I. Antioxid Redox Signal. 2013
Nov 1;19(13):1469-80. doi: 10.1089/ars.2012.4845. Epub 2013 Jun 28. PMID: 23581604; PMCID:
PMC3797460.

Marchetti C, Muzii L, Romito A, Benedetti Panici P. First-line treatment of women with advanced
ovarian cancer: focus on bevacizumab. Onco Targets Ther. 2019 Feb 8;12:1095-1103. doi:
10.2147/0TT.S155425. PMID: 30799939; PMCID: PMC6371937.

Maria RM, Altei WF, Selistre-de-Araujo HS, Colnago LA. Impact of chemotherapy on metabolic
reprogramming: Characterization of the metabolic profile of breast cancer MDA-MB-231 cells using
1H HR-MAS NMR spectroscopy. J Pharm Biomed Anal. 2017 Nov 30;146:324-328. doi:
10.1016/j.jpba.2017.08.038. Epub 2017 Sep 13. PMID: 28915495.

73



7
E X4

Mashimo T, Pichumani K, Vemireddy V, Hatanpaa KJ, Singh DK, Sirasanagandla S, Nannepaga S,
Piccirillo SG, Kovacs Z, Foong C, Huang Z, Barnett S, Mickey BE, DeBerardinis RJ, Tu BP, Maher
EA, Bachoo RM. Acetate is a bioenergetic substrate for human glioblastoma and brain metastases. Cell.
2014 Dec 18;159(7):1603-14. doi: 10.1016/j.cell.2014.11.025. PMID: 25525878; PMCID:
PMC4374602.

Mastropasqua F, Girolimetti G, Shoshan M. PGCla: Friend or Foe in Cancer? Genes (Basel). 2018 Jan
22;9(1):48. doi: 10.3390/genes9010048. PMID: 29361779; PMCID: PMC5793199.

Matassa DS, Agliarulo I, Avolio R, Landriscina M, Esposito F. TRAP1 Regulation of Cancer
Metabolism: Dual Role as Oncogene or Tumor Suppressor. Genes (Basel). 2018 Apr 5;9(4):195. doi:
10.3390/genes9040195. PMID: 29621137; PMCID: PMC5924537.

Matassa DS, Amoroso MR, Lu H, Avolio R, Arzeni D, Procaccini C, Faicchia D, Maddalena F, Simeon
V, Agliarulo 1, Zanini E, Mazzoccoli C, Recchi C, Stronach E, Marone G, Gabra H, Matarese G,
Landriscina M, Esposito F. Oxidative metabolism drives inflammation-induced platinum resistance in
human ovarian cancer. Cell Death Differ. 2016 Sep 1;23(9):1542-54. doi: 10.1038/cdd.2016.39. Epub
2016 May 20. PMID: 27206315; PMCID: PMC5072430.

McGuire WP, Hoskins WJ, Brady MF, Kucera PR, Partridge EE, Look KY, Clarke-Pearson DL,
Davidson M. Cyclophosphamide and cisplatin compared with paclitaxel and cisplatin in patients with
stage Il and stage IV ovarian cancer. N Engl J Med. 1996 Jan 4;334(1):1-6. doi:
10.1056/NEJM199601043340101. PMID: 7494563.

Meier W, Gropp M, Burges A, Hepp H. Secondary debulking after dose-intensified chemotherapy of
ovarian carcinoma. Praxis (Bern 1994). 1999 Mar 18;88(12):519-25. German. PMID: 10235027.
Menendez JA, Lupu R. Fatty acid synthase (FASN) as a therapeutic target in breast cancer. Expert Opin
Ther Targets. 2017 Nov;21(11):1001-1016. doi: 10.1080/14728222.2017.1381087. Epub 2017 Sep 21.
PMID: 28922023.

Mercatelli D, Scalambra L, Triboli L, Ray F, Giorgi FM. Gene regulatory network inference resources:
A practical overview. Biochim Biophys Acta Gene Regul Mech. 2020 Jun;1863(6):194430. doi:
10.1016/j.bbagrm.2019.194430. Epub 2019 Oct 31. PMID: 31678629.

Metallo CM, Gameiro PA, Bell EL, Mattaini KR, Yang J, Hiller K, Jewell CM, Johnson ZR, Irvine DJ,
Guarente L, Kelleher JK, Vander Heiden MG, Iliopoulos O, Stephanopoulos G. Reductive glutamine
metabolism by IDH1 mediates lipogenesis under hypoxia. Nature. 2011 Nov 20;481(7381):380-4. doi:
10.1038/nature10602. PMID: 22101433; PMCID: PMC3710581.

Moitra K, Dean M. Evolution of ABC transporters by gene duplication and their role in human disease.
Biol Chem. 2011 Jan;392(1-2):29-37. doi: 10.1515/BC.2011.006. PMID: 21194360.

Moon DO, Kim MO, Choi YH, Hyun JW, Chang WY, Kim GY. Butein induces G(2)/M phase arrest
and apoptosis in human hepatoma cancer cells through ROS generation. Cancer Lett. 2010 Feb
28;288(2):204-13. doi: 10.1016/j.canlet.2009.07.002. Epub 2009 Jul 29. PMID: 19643530.

Movafagh S, Crook S, Vo K. Regulation of hypoxia-inducible factor-1a by reactive oxygen species:
new developments in an old debate. J Cell Biochem. 2015 May;116(5):696-703. doi:
10.1002/jch.25074. PMID: 25546605.

74



KD
*

7
*

7
E X4

Mugge A. The role of reactive oxygen species in atherosclerosis. Z Kardiol. 1998 Nov;87(11):851-64.
doi: 10.1007/s003920050241. PMID: 9885178.

Murphy E, Ardehali H, Balaban RS, DiLisa F, Dorn GW 2nd, Kitsis RN, Otsu K, Ping P, Rizzuto R,
Sack MN, Wallace D, Youle RJ; American Heart Association Council on Basic Cardiovascular
Sciences, Council on Clinical Cardiology, and Council on Functional Genomics and Translational
Biology. Mitochondrial Function, Biology, and Role in Disease: A Scientific Statement From the
American  Heart  Association.  Circ  Res. 2016 Jun  10;118(12):1960-91.  doi:
10.1161/RES.0000000000000104. Epub 2016 Apr 28. PMID: 27126807; PMCID: PMC6398603.
Murphy MP. How mitochondria produce reactive oxygen species. Biochem J. 2009 Jan 1;417(1):1-13.
doi: 10.1042/BJ20081386. PMID: 19061483; PMCID: PMC2605959.

Navasa N, Martin I, Iglesias-Pedraz JM, Beraza N, Atondo E, lzadi H, Ayaz F, Fernandez-Alvarez S,
Hatle K, Som A, Dienz O, Oshorne BA, Martinez-Chantar ML, Rincén M, Anguita J. Regulation of
oxidative stress by methylation-controlled J protein controls macrophage responses to inflammatory
insults. J Infect Dis. 2015 Jan 1;211(1):135-45. doi: 10.1093/infdis/jiu389. Epub 2014 Jul 14. PMID:
25028693; PMCID: PMC4326314.

Navasa N, Martin-Ruiz I, Atondo E, Sutherland JD, Angel Pascual-ltoiz M, Carreras-Gonzélez A, lzadi
H, Tomas-Cortazar J, Ayaz F, Martin-Martin N, Torres IM, Barrio R, Carracedo A, Olivera ER, Rincén
M, Anguita J. Ikaros mediates the DNA methylation-independent silencing of MCJ/DNAJC15 gene
expression in macrophages. Sci Rep. 2015 Sep 30;5:14692. doi: 10.1038/srep14692. PMID: 26419808;
PMCID: PMC4588509.

Neff RT, Senter L, Salani R. BRCA mutation in ovarian cancer: testing, implications and treatment
considerations. Ther Adv Med Oncol. 2017 Aug;9(8):519-531. doi: 10.1177/1758834017714993. Epub
2017 Jun 19. PMID: 28794804; PMCID: PMC5524247.

Newsted D, Banerjee S, Watt K, Nersesian S, Truesdell P, Blazer LL, Cardarelli L, Adams JJ, Sidhu
SS, Craig AW. Blockade of TGF-f signaling with novel synthetic antibodies limits immune exclusion
and improves chemotherapy response in metastatic ovarian cancer models. Oncoimmunology. 2018
Nov 20;8(2):€1539613. doi: 10.1080/2162402X.2018.1539613. PMID: 30713798; PMCID:
PMC6343786.

Nieman KM, Kenny HA, Penicka CV, Ladanyi A, Buell-Gutbrod R, Zillhardt MR, Romero IL, Carey
MS, Mills GB, Hotamisligil GS, Yamada SD, Peter ME, Gwin K, Lengyel E. Adipocytes promote
ovarian cancer metastasis and provide energy for rapid tumor growth. Nat Med. 2011 Oct
30;17(11):1498-503. doi: 10.1038/nm.2492. PMID: 22037646; PMCID: PMC4157349.

Nowicka A, Marini FC, Solley TN, Elizondo PB, Zhang Y, Sharp HJ, Broaddus R, Kolonin M, Mok
SC, Thompson MS, Woodward WA, Lu K, Salimian B, Nagrath D, Klopp AH. Human omental-derived
adipose stem cells increase ovarian cancer proliferation, migration, and chemoresistance. PLoS One.
2013 Dec 2;8(12):¢81859. doi: 10.1371/journal.pone.0081859. PMID: 24312594; PMCID:
PMC3847080.

Nunnari J, Suomalainen A. Mitochondria: in sickness and in health. Cell. 2012 Mar 16;148(6):1145-59.
doi: 10.1016/j.cell.2012.02.035. PMID: 22424226; PMCID: PMC5381524.

75



7
E X4

O’Toole O’Leary SJ. Ovarian cancer chemoresistance. In: Schwab M, eds. Encyclopedia of Cancer.
Berlin: Springer; 2011.

Obre E, Rossignol R. Emerging concepts in bioenergetics and cancer research: metabolic flexibility,
coupling, symbiosis, switch, oxidative tumors, metabolic remodeling, signaling and bioenergetic
therapy. Int J Biochem Cell Biol. 2015 Feb;59:167-81. doi: 10.1016/j.biocel.2014.12.008. Epub 2014
Dec 24. PMID: 25542180.

Ogrunc M. Reactive oxygen species: The good, the bad, and the enigma. Mol Cell Oncol. 2014 Dec
23;1(3):€964033. doi: 10.4161/23723548.2014.964033. PMID: 27308352; PMCID: PMC4904994.
Ozben T. Mechanisms and strategies to overcome multiple drug resistance in cancer. FEBS Lett. 2006
May 22;580(12):2903-9. doi: 10.1016/j.febslet.2006.02.020. Epub 2006 Feb 17. PMID: 16497299.
Ozols RF, Bookman MA, Connolly DC, Daly MB, Godwin AK, Schilder RJ, Xu X, Hamilton TC.
Focus on epithelial ovarian cancer. Cancer Cell. 2004 Jan;5(1):19-24. doi: 10.1016/s1535-
6108(04)00002-9. PMID: 14749123.

Ozols RF. Paclitaxel (Taxol)/carboplatin combination chemotherapy in the treatment of advanced
ovarian cancer. Semin Oncol. 2000 Jun;27(3 Suppl 7):3-7. PMID: 109521109.

Paradies G, Petrosillo G, Paradies V, Reiter RJ, Ruggiero FM. Melatonin, cardiolipin and mitochondrial
bioenergetics in health and disease. J Pineal Res. 2010 May;48(4):297-310. doi: 10.1111/j.1600-
079X.2010.00759.x. PMID: 20433638.

Paravicini TM, Touyz RM. Redox signaling in hypertension. Cardiovasc Res. 2006 Jul 15;71(2):247-
58. doi: 10.1016/j.cardiores.2006.05.001. Epub 2006 May 9. PMID: 16765337.

Park JH, Vithayathil S, Kumar S, Sung PL, Dobrolecki LE, Putluri V, Bhat VB, Bhowmik SK, Gupta
V, Arora K, Wu D, Tsouko E, Zhang Y, Maity S, Donti TR, Graham BH, Frigo DE, Coarfa C, Yotnda
P, Putluri N, Sreekumar A, Lewis MT, Creighton CJ, Wong LC, Kaipparettu BA. Fatty Acid Oxidation-
Driven Src Links Mitochondrial Energy Reprogramming and Oncogenic Properties in Triple-Negative
Breast Cancer. Cell Rep. 2016 Mar 8;14(9):2154-2165. doi: 10.1016/j.celrep.2016.02.004. Epub 2016
Feb 25. PMID: 26923594; PMCID: PMC4809061.

Pattabiraman DR, Weinberg RA. Tackling the cancer stem cells - what challenges do they pose? Nat
Rev Drug Discov. 2014 Jul;13(7):497-512. doi: 10.1038/nrd4253. PMID: 24981363; PMCID:
PMC4234172.

Perrone AM, Girolimetti G, Procaccini M, Marchio L, Livi A, Borghese G, Porcelli AM, De laco P,
Gasparre G. Potential for Mitochondrial DNA Sequencing in the Differential Diagnosis of
Gynaecological Malignancies. Int J Mol Sci. 2018 Jul 13;19(7):2048. doi: 10.3390/ijms19072048.
PMID: 30011887; PMCID: PMC6073261.

Petrosillo G, Matera M, Moro N, Ruggiero FM, Paradies G. Mitochondrial complex I dysfunction in rat
heart with aging: critical role of reactive oxygen species and cardiolipin. Free Radic Biol Med. 2009 Jan
1,46(1):88-94. doi: 10.1016/j.freeradbiomed.2008.09.031. Epub 2008 Oct 14. PMID: 18973802.
Piantadosi CA, Suliman HB. Redox regulation of mitochondrial biogenesis. Free Radic Biol Med. 2012
Dec 1;53(11):2043-53. doi: 10.1016/j.freeradbiomed.2012.09.014. Epub 2012 Sep 19. PMID:
23000245; PMCID: PMC3604744.

76



7
E X4

7
E X4

Porcelli AM, Ghelli A, Ceccarelli C, Lang M, Cenacchi G, Capristo M, Pennisi LF, Morra I, Ciccarelli
E, Melcarne A, Bartoletti-Stella A, Salfi N, Tallini G, Martinuzzi A, Carelli V, Attimonelli M, Rugolo
M, Romeo G, Gasparre G. The genetic and metabolic signature of oncocytic transformation implicates
HIFlalpha destabilization. Hum Mol Genet. 2010 Mar 15;19(6):1019-32. doi: 10.1093/hmg/ddp566.
Epub 2009 Dec 22. PMID: 20028790.

Prat J. New insights into ovarian cancer pathology. Ann Oncol. 2012 Sep;23 Suppl 10:x111-7. doi:
10.1093/annonc/mds300. PMID: 22987944,

Prat J; FIGO Committee on Gynecologic Oncology. FIGO's staging classification for cancer of the
ovary, fallopian tube, and peritoneum: abridged republication. J Gynecol Oncol. 2015 Apr;26(2):87-9.
doi: 10.3802/jg0.2015.26.2.87. PMID: 25872889; PMCID: PMC4397237.

Qin J, Liu Y, Lu Y, Liu M, Li M, Li J, Wu L. Hypoxia-inducible factor 1 alpha promotes cancer stem
cells-like properties in human ovarian cancer cells by upregulating SIRT1 expression. Sci Rep. 2017
Sep 6;7(1):10592. doi: 10.1038/s41598-017-09244-8. PMID: 28878214; PMCID: PMC5587562.
Rahman M, Hasan MR. Cancer Metabolism and Drug Resistance. Metabolites. 2015 Sep 30;5(4):571-
600. doi: 10.3390/metabo5040571. PMID: 26437434; PMCID: PMC4693186.

Raja FA, Chopra N, Ledermann JA. Optimal first-line treatment in ovarian cancer. Ann Oncol. 2012
Sep;23 Suppl 10:x118-27. doi: 10.1093/annonc/mds315. PMID: 22987945.

Richter K, Haslbeck M, Buchner J. The heat shock response: life on the verge of death. Mol Cell. 2010
Oct 22;40(2):253-66. doi: 10.1016/j.molcel.2010.10.006. PMID: 20965420.

Riggs MJ, Pandalai PK, Kim J, Dietrich CS. Hyperthermic Intraperitoneal Chemotherapy in Ovarian
Cancer. Diagnostics (Basel). 2020 Jan 14;10(1):43. doi: 10.3390/diagnostics10010043. PMID:
31947647; PMCID: PMC7168334.

Roberts PJ, Der CJ. Targeting the Raf-MEK-ERK mitogen-activated protein kinase cascade for the
treatment of cancer. Oncogene. 2007 May 14;26(22):3291-310. doi: 10.1038/sj.0nc.1210422. PMID:
17496923.

Robey RW, Polgar O, Deeken J, To KW, Bates SE. ABCG2: determining its relevance in clinical drug
resistance. Cancer Metastasis Rev. 2007 Mar;26(1):39-57. doi: 10.1007/s10555-007-9042-6. PMID:
17323127.

Rossignol R, Faustin B, Rocher C, Malgat M, Mazat JP, Letellier T. Mitochondrial threshold effects.
Biochem J. 2003 Mar 15;370(Pt 3):751-62. doi: 10.1042/BJ20021594.

Rubin SC, Randall TC, Armstrong KA, Chi DS, Hoskins WJ. Ten-year follow-up of ovarian cancer
patients after second-look laparotomy with negative findings. Obstet Gynecol. 1999 Jan;93(1):21-4.
doi: 10.1016/s0029-7844(98)00334-2. PMID: 9916949.

Salani R, Backes FJ, Fung MF, Holschneider CH, Parker LP, Bristow RE, Goff BA. Posttreatment
surveillance and diagnosis of recurrence in women with gynecologic malignancies: Society of
Gynecologic Oncologists recommendations. Am J Obstet Gynecol. 2011 Jun;204(6):466-78. doi:
10.1016/j.aj0og.2011.03.008. PMID: 21752752.

Samali A, Cai J, Zhivotovsky B, Jones DP, Orrenius S. Presence of a pre-apoptotic complex of pro-
caspase-3, Hsp60 and HsplO in the mitochondrial fraction of jurkat cells. EMBO J. 1999 Apr
15;18(8):2040-8. doi: 10.1093/emboj/18.8.2040. PMID: 10205158; PMCID: PMC1171288.

77



7
E X4

Schumer ST, Cannistra SA. Granulosa cell tumor of the ovary. J Clin Oncol. 2003 Mar 15;21(6):1180-
9. doi: 10.1200/JC0.2003.10.019. PMID: 12637488.

Schusdziarra C, Blamowska M, Azem A, Hell K. Methylation-controlled J-protein MCJ acts in the
import of proteins into human mitochondria. Hum Mol Genet. 2013 Apr 1;22(7):1348-57. doi:
10.1093/hmg/dds541. Epub 2012 Dec 20. PMID: 23263864.

Secinaro MA, Fortner KA, Collins C, Rincon M, Budd RC. Glycolysis Induces MCJ Expression That
Links T Cell Proliferation With Caspase-3 Activity and Death. Front Cell Dev Biol. 2019 Mar 11;7:28.
doi: 10.3389/fcell.2019.00028. PMID: 30915331; PMCID: PMC6421275.

Sehrawat U, Pokhriyal R, Gupta AK, Hariprasad R, Khan MI, Gupta D, Naru J, Singh SB, Mohanty
AK, Vanamail P, Kumar L, Kumar S, Hariprasad G. Comparative Proteomic Analysis of Advanced
Ovarian Cancer Tissue to Identify Potential Biomarkers of Responders and Nonresponders to First-Line
Chemotherapy of Carboplatin and Paclitaxel. Biomark Cancer. 2016 Mar 16;8:43-56. doi:
10.4137/BIC.S35775. PMID: 26997873; PMCID: PMC4795487.

Seidman JD, Kurman RJ. Ovarian serous borderline tumors: a critical review of the literature with
emphasis on prognostic indicators. Hum Pathol. 2000 May;31(5):539-57. doi: 10.1053/hp.2000.8048.
PMID: 10836293.

Shang S, Hua F, Hu ZW. The regulation of B-catenin activity and function in cancer: therapeutic
opportunities. Oncotarget. 2017 May 16;8(20):33972-33989. doi: 10.18632/oncotarget.15687. PMID:
28430641; PMCID: PMC5464927.

Shayesteh L, Lu Y, Kuo WL, Baldocchi R, Godfrey T, Collins C, Pinkel D, Powell B, Mills GB, Gray
JW. PIK3CA is implicated as an oncogene in ovarian cancer. Nat Genet. 1999 Jan;21(1):99-102. doi:
10.1038/5042. PMID: 9916799.

Shibutani S, Takeshita M, Grollman AP. Insertion of specific bases during DNA synthesis past the
oxidation-damaged base 8-oxodG. Nature. 1991 Jan 31;349(6308):431-4. doi: 10.1038/349431a0.
PMID: 1992344,

Shin SY, Kim CG, Jho EH, Rho MS, Kim YS, Kim YH, Lee YH. Hydrogen peroxide negatively
modulates Wnt signaling through downregulation of beta-catenin. Cancer Lett. 2004 Aug
30;212(2):225-31. doi: 10.1016/j.canlet.2004.03.003. PMID: 15279902.

Shridhar V, Bible KC, Staub J, Avula R, Lee YK, Kalli K, Huang H, Hartmann LC, Kaufmann SH,
Smith DI. Loss of expression of a new member of the DNAJ protein family confers resistance to
chemotherapeutic agents used in the treatment of ovarian cancer. Cancer Res. 2001 May
15;61(10):4258-65. PMID: 11358853.

Shukla SK, Purohit V, Mehla K, Gunda V, Chaika NV, Vernucci E, King RJ, Abrego J, Goode GD,
Dasgupta A, lllies AL, Gebregiworgis T, Dai B, Augustine JJ, Murthy D, Attri KS, Mashadova O,
Grandgenett PM, Powers R, Ly QP, Lazenby AJ, Grem JL, Yu F, Matés JM, Asara JM, Kim JW,
Hankins JH, Weekes C, Hollingsworth MA, Serkova NJ, Sasson AR, Fleming JB, Oliveto JM, Lyssiotis
CA, Cantley LC, Berim L, Singh PK. MUC1 and HIF-lalpha Signaling Crosstalk Induces Anabolic
Glucose Metabolism to Impart Gemcitabine Resistance to Pancreatic Cancer. Cancer Cell. 2017 Jul
10;32(1):71-87.e7. doi: 10.1016/j.ccell.2017.06.004. Erratum in: Cancer Cell. 2017 Sep 11;32(3):392.
PMID: 28697344; PMCID: PMC5533091.

78



7
E X4

7
E X4

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin. 2020 Jan;70(1):7-30. doi:
10.3322/caac.21590. Epub 2020 Jan 8. PMID: 31912902.

Signorile A, De Rasmo D, Cormio A, Musicco C, Rossi R, Fortarezza F, Palese LL, Loizzi V, Resta L,
Scillitani G, Cicinelli E, Simonetti F, Ferretta A, Russo S, Tufaro A, Cormio G. Human Ovarian Cancer
Tissue Exhibits Increase of Mitochondrial Biogenesis and Cristae Remodeling. Cancers (Basel). 2019
Sep 12;11(9):1350. doi: 10.3390/cancers11091350. PMID: 31547300; PMCID: PMC6770021.

Sinha D, D'Silva P. Chaperoning mitochondrial permeability transition: regulation of transition pore
complex by a J-protein, DnaJC15. Cell Death Dis. 2014 Mar 6;5(3):e1101. doi: 10.1038/cddis.2014.72.
PMID: 24603329; PMCID: PMC3973195.

Sirey TM, Ponting CP. Insights into the post-transcriptional regulation of the mitochondrial electron
transport chain. Biochem Soc Trans. 2016 Oct 15;44(5):1491-1498. doi: 10.1042/BST20160100.
PMID: 27911731; PMCID: PMC5095899.

Srinivasan S, Guha M, Kashina A, Avadhani NG. Mitochondrial dysfunction and mitochondrial
dynamics-The cancer connection. Biochim Biophys Acta Bioenerg. 2017 Aug;1858(8):602-614. doi:
10.1016/j.bbabio.2017.01.004. Epub 2017 Jan 16. PMID: 28104365; PMCID: PMC5487289.

Stark JL, Mehla K, Chaika N, Acton TB, Xiao R, Singh PK, Montelione GT, Powers R. Structure and
function of human DnaJ homologue subfamily a member 1 (DNAJAL) and its relationship to pancreatic
cancer. Biochemistry. 2014 Mar 4;53(8):1360-72. doi: 10.1021/bi401329a. Epub 2014 Feb 19. PMID:
24512202; PMCID: PMC39859109.

Stemmler MP, Eccles RL, Brabletz S, Brabletz T. Non-redundant functions of EMT transcription
factors. Nat Cell Biol. 2019 Jan;21(1):102-112. doi: 10.1038/s41556-018-0196-y. Epub 2019 Jan 2.
PMID: 30602760.

Stope MB, Koensgen D, Burchardt M, Concin N, Zygmunt M, Mustea A. Jump in the fire--heat shock
proteins and their impact on ovarian cancer therapy. Crit Rev Oncol Hematol. 2016 Jan;97:152-6. doi:
10.1016/j.critrevonc.2015.08.008. Epub 2015 Aug 13. PMID: 26318096.

Strathdee G, Davies BR, Vass JK, Siddiqui N, Brown R. Cell type-specific methylation of an intronic
CpG island controls expression of the MCJ gene. Carcinogenesis. 2004 May;25(5):693-701. doi:
10.1093/carcin/bgh066. Epub 2004 Jan 16. PMID: 14729589.

Strathdee G, Vass JK, Oien KA, Siddiqui N, Curto-Garcia J, Brown R. Demethylation of the MCJ gene
in stage II/IV epithelial ovarian cancer and response to chemotherapy. Gynecol Oncol. 2005
Jun;97(3):898-903. doi: 10.1016/j.ygyno.2005.03.023. PMID: 15894365.

Supruniuk E, Miklosz A, Chabowski A. The Implication of PGC-1a on Fatty Acid Transport across
Plasma and Mitochondrial Membranes in the Insulin Sensitive Tissues. Front Physiol. 2017 Nov
15;8:923. doi: 10.3389/fphys.2017.00923. PMID: 29187824; PMCID: PMC5694779.

Teeuwssen M, Fodde R. Wnt Signaling in Ovarian Cancer Stemness, EMT, and Therapy Resistance. J
Clin Med. 2019 Oct 11;8(10):1658. doi: 10.3390/jcm8101658. PMID: 31614568; PMCID:
PMC6832489.

Thigpen T, Brady MF, Omura GA, Creasman WT, McGuire WP, Hoskins WJ, Williams S. Age as a
prognostic factor in ovarian carcinoma. The Gynecologic Oncology Group experience. Cancer. 1993
Jan 15;71(2 Suppl):606-14. doi: 10.1002/cncr.2820710218. PMID: 8420683.

79



KD
0‘0

KD
*

7
E X4

Thomas LW, Ashcroft M. Exploring the molecular interface between hypoxia-inducible factor
signalling and mitochondria. Cell Mol Life Sci. 2019 May;76(9):1759-1777. doi: 10.1007/s00018-019-
03039-y. Epub 2019 Feb 14. PMID: 30767037; PMCID: PMC6453877.

Thomas LW, Esposito C, Stephen JM, Costa ASH, Frezza C, Blacker TS, Szabadkai G, Ashcroft M.
CHCHD4 regulates tumour proliferation and EMT-related phenotypes, through respiratory chain-
mediated metabolism. Cancer Metab. 2019 Jul 16;7:7. doi: 10.1186/s40170-019-0200-4. PMID:
31346464; PMCID: PMC6632184.

Thomas LW, Stephen JM, Esposito C, Hoer S, Antrobus R, Ahmed A, Al-Habib H, Ashcroft M.
CHCHD4 confers metabolic vulnerabilities to tumour cells through its control of the mitochondrial
respiratory chain. Cancer Metab. 2019 Mar 6;7:2. doi: 10.1186/s40170-019-0194-y. PMID: 30886710;
PMCID: PMC6404347.

Tomkovad V, Sandoval-Acufia C, Torrealba N, Truksa J. Mitochondrial fragmentation, elevated
mitochondrial superoxide and respiratory supercomplexes disassembly is connected with the tamoxifen-
resistant phenotype of breast cancer cells. Free Radic Biol Med. 2019 Nov 1;143:510-521. doi:
10.1016/j.freeradbiomed.2019.09.004. Epub 2019 Sep 5. PMID: 31494243.

Tucker SL, Gharpure K, Herbrich SM, Unruh AK, Nick AM, Crane EK, Coleman RL, Guenthoer J,
Dalton HJ, Wu SY, Rupaimoole R, Lopez-Berestein G, Ozpolat B, Ivan C, Hu W, Baggerly KA, Sood
AK. Molecular biomarkers of residual disease after surgical debulking of high-grade serous ovarian
cancer. Clin Cancer Res. 2014 Jun 15;20(12):3280-8. doi: 10.1158/1078-0432.CCR-14-0445. Epub
2014 Apr 22. PMID: 24756370; PMCID: PMC4062703.

Uno Y, Kanda M, Miwa T, Umeda S, Tanaka H, Tanaka C, Kobayashi D, Suenaga M, Hattori N,
Hayashi M, Yamada S, Nakayama G, Fujiwara M, Kodera Y. Increased Expression of DNAJC12 is
Associated with Aggressive Phenotype of Gastric Cancer. Ann Surg Oncol. 2019 Mar;26(3):836-844.
doi: 10.1245/s10434-018-07149-y. Epub 2019 Jan 7. PMID: 30617870.

Vander Heiden MG, DeBerardinis RJ. Understanding the Intersections between Metabolism and Cancer
Biology. Cell. 2017 Feb 9;168(4):657-669. doi: 10.1016/j.cell.2016.12.039. PMID: 28187287; PMCID:
PMC5329766.

Vinciguerra M, Sgroi A, Veyrat-Durebex C, Rubbia-Brandt L, Buhler LH, Foti M. Unsaturated fatty
acids inhibit the expression of tumor suppressor phosphatase and tensin homolog (PTEN) via
microRNA-21  up-regulation in  hepatocytes. Hepatology. 2009 Apr;49(4):1176-84. doi:
10.1002/hep.22737. PMID: 19072831.

Vo C, Carney ME. Ovarian cancer hormonal and environmental risk effect. Obstet Gynecol Clin North
Am. 2007 Dec;34(4):687-700, viii. doi: 10.1016/j.0gc.2007.09.008. PMID: 18061864.

Wallace DC. Mitochondria and cancer. Nat Rev Cancer. 2012 Oct;12(10):685-98. doi:
10.1038/nrc3365. PMID: 23001348; PMCID: PMC4371788.

Walsh CS. Latest clinical evidence of maintenance therapy in ovarian cancer. Curr Opin Obstet
Gynecol. 2020 Feb;32(1):15-21. doi: 10.1097/GC0.0000000000000592. PMID: 31833941.

Wang C, Zhang Y, Guo K, Wang N, Jin H, Liu Y, Qin W. Heat shock proteins in hepatocellular
carcinoma: Molecular mechanism and therapeutic potential. Int J Cancer. 2016 Apr 15;138(8):1824-34.
doi: 10.1002/ijc.29723. Epub 2015 Aug 19. PMID: 26853533.

80



KD
*

7
E X4

Wang YK, Bashashati A, Anglesio MS, Cochrane DR, Grewal DS, Ha G, McPherson A, Horlings HM,
Senz J, Prentice LM, Karnezis AN, Lai D, Aniba MR, Zhang AW, Shumansky K, Siu C, Wan A,
McConechy MK, et al. Genomic consequences of aberrant DNA repair mechanisms stratify ovarian
cancer histotypes. Nat Genet. 2017 Jun;49(6):856-865. doi: 10.1038/ng.3849. Epub 2017 Apr 24.
PMID: 28436987.

Warburg O. On respiratory impairment in cancer cells. Science. 1956 Aug 10;124(3215):269-70.
PMID: 13351639.

Warburg O. On the origin of cancer cells. Science. 1956 Feb 24;123(3191):309-14. doi:
10.1126/science.123.3191.309. PMID: 13298683.

Wawrzynow B, Zylicz A, Zylicz M. Chaperoning the guardian of the genome. The two-faced role of
molecular chaperones in p53 tumor suppressor action. Biochim Biophys Acta Rev Cancer. 2018
Apr;1869(2):161-174. doi: 10.1016/j.bbcan.2017.12.004. Epub 2018 Jan 31. PMID: 29355591.

Ween MP, Armstrong MA, Oehler MK, Ricciardelli C. The role of ABC transporters in ovarian cancer
progression and chemoresistance. Crit Rev Oncol Hematol. 2015 Nov;96(2):220-56. doi:
10.1016/j.critrevonc.2015.05.012. Epub 2015 May 27. PMID: 26100653.

Weinberg F, Hamanaka R, Wheaton WW, Weinberg S, Joseph J, Lopez M, Kalyanaraman B, Mutlu
GM, Budinger GR, Chandel NS. Mitochondrial metabolism and ROS generation are essential for Kras-
mediated tumorigenicity. Proc Natl Acad Sci U S A. 2010 May 11;107(19):8788-93. doi:
10.1073/pnas.1003428107. Epub 2010 Apr 26. PMID: 20421486; PMCID: PMC2889315.

Wentzensen N, Poole EM, Trabert B, White E, Arslan AA, Patel AV, Setiawan VW, Visvanathan K,
Weiderpass E, Adami HO, Black A, Bernstein L, Brinton LA, Buring J, Butler LM, Chamosa S,
Clendenen TV, Dossus L, Fortner R, Gapstur SM, Gaudet MM, Gram IT, Hartge P, Hoffman-Bolton J
et al. Ovarian Cancer Risk Factors by Histologic Subtype: An Analysis From the Ovarian Cancer
Cohort Consortium. J Clin Oncol. 2016 Aug 20;34(24):2888-98. doi: 10.1200/JC0.2016.66.8178. Epub
2016 Jun 20. PMID: 27325851; PMCID: PMC5012665.

Wu Z, Puigserver P, Andersson U, Zhang C, Adelmant G, Mootha V, Troy A, Cinti S, Lowell B,
Scarpulla RC, Spiegelman BM. Mechanisms controlling mitochondrial biogenesis and respiration
through the thermogenic coactivator PGC-1. Cell. 1999 Jul 9;98(1):115-24. doi: 10.1016/S0092-
8674(00)80611-X. PMID: 10412986.

Xanthoudakis S, Roy S, Rasper D, Hennessey T, Aubin Y, Cassady R, Tawa P, Ruel R, Rosen A,
Nicholson DW. Hsp60 accelerates the maturation of pro-caspase-3 by upstream activator proteases
during apoptosis. EMBO J. 1999 Apr 15;18(8):2049-56. doi: 10.1093/emboj/18.8.2049. PMID:
10205159; PMCID: PMC1171289.

Xu M, JinT, Chen L, Zhang X, Zhu G, Wang Q, Lin Z. Mortalin is a distinct bio-marker and prognostic
factor in serous ovarian carcinoma. Gene. 2019 May 15;696:63-71. doi: 10.1016/j.gene.2019.02.033.
Epub 2019 Feb 15. PMID: 30776464,

Yan C, Duanmu X, Zeng L, Liu B, Song Z. Mitochondrial DNA: Distribution, Mutations, and
Elimination. Cells. 2019 Apr 25;8(4):379. doi: 10.3390/cells8040379. PMID: 31027297; PMCID:
PMC6523345.

81



7
E X4

Yang J, Staples O, Thomas LW, Briston T, Robson M, Poon E, Simdes ML, EI-Emir E, Buffa FM,
Ahmed A, Annear NP, Shukla D, Pedley BR, Maxwell PH, Harris AL, Ashcroft M. Human CHCHD4
mitochondrial proteins regulate cellular oxygen consumption rate and metabolism and provide a critical
role in hypoxia signaling and tumor progression. J Clin Invest. 2012 Feb;122(2):600-11. doi:
10.1172/JC158780. Epub 2012 Jan 3. PMID: 22214851; PMCID: PMC3266784.

Yang L, Moss T, Mangala LS, Marini J, Zhao H, Wahlig S, Armaiz-Pena G, Jiang D, Achreja A, Win J,
Roopaimoole R, Rodriguez-Aguayo C, Mercado-Uribe I, Lopez-Berestein G, Liu J, Tsukamoto T, Sood
AK, Ram PT, Nagrath D. Metabolic shifts toward glutamine regulate tumor growth, invasion and
bioenergetics in ovarian cancer. Mol Syst Biol. 2014 May 5;10(5):728. doi: 10.1002/msb.20134892.
PMID: 24799285; PMCID: PMC4188042.

Yin X, Zhang H, Burrows F, Zhang L, Shores CG. Potent activity of a novel dimeric heat shock protein
90 inhibitor against head and neck squamous cell carcinoma in vitro and in vivo. Clin Cancer Res. 2005
May 15;11(10):3889-96. doi: 10.1158/1078-0432.CCR-04-2272. PMID: 15897590.

Young RH, Oliva E, Scully RE. Small cell carcinoma of the ovary, hypercalcemic type. A
clinicopathological analysis of 150 cases. Am J Surg Pathol. 1994 Nov;18(11):1102-16. doi:
10.1097/00000478-199411000-00004. PMID: 7943531.

Yuan S, Tao F, Zhang X, Zhang Y, Sun X, Wu D. Role of Wnt/B-Catenin Signaling in the
Chemoresistance Modulation of Colorectal Cancer. Biomed Res Int. 2020 Mar 18;2020:9390878. doi:
10.1155/2020/9390878. PMID: 32258160; PMCID: PMC7109575.

Zahreddine H, Borden KL. Mechanisms and insights into drug resistance in cancer. Front Pharmacol.
2013 Mar 14;4:28. doi: 10.3389/fphar.2013.00028. PMID: 23504227; PMCID: PMC3596793.

Zaidi N, Lupien L, Kuemmerle NB, Kinlaw WB, Swinnen JV, Smans K. Lipogenesis and lipolysis: the
pathways exploited by the cancer cells to acquire fatty acids. Prog Lipid Res. 2013 Oct;52(4):585-9.
doi: 10.1016/j.plipres.2013.08.005. Epub 2013 Aug 31. PMID: 24001676; PMCID: PMC4002264.
Zampieri LX, Grasso D, Bouzin C, Brusa D, Rossignol R, Sonveaux P. Mitochondria Participate in
Chemoresistance to Cisplatin in Human Ovarian Cancer Cells. Mol Cancer Res. 2020 Sep;18(9):1379-
1391. doi: 10.1158/1541-7786.MCR-19-1145. Epub 2020 May 29. PMID: 32471883.

Zeisberg M, Neilson EG. Biomarkers for epithelial-mesenchymal transitions. J Clin Invest. 2009
Jun;119(6):1429-37. doi: 10.1172/JCI36183. Epub 2009 Jun 1. PMID: 19487819; PMCID:
PMC2689132.

Zhang F, Throm SL, Murley LL, Miller LA, Steven Zatechka D Jr, Kiplin Guy R, Kennedy R, Stewart
CF. MDM2 antagonist nutlin-3a reverses mitoxantrone resistance by inhibiting breast cancer resistance
protein mediated drug transport. Biochem Pharmacol. 2011 Jul 1;82(1):24-34. doi:
10.1016/j.bcp.2011.03.024. Epub 2011 Apr 1. PMID: 21459080; PMCID: PMC3108438.

Zhang Y, Cao L, Nguyen D, Lu H. TP53 mutations in epithelial ovarian cancer. Transl Cancer Res.
2016 Dec;5(6):650-663. doi: 10.21037/tcr.2016.08.40. PMID: 30613473; PMCID: PMC6320227.

Zhao RZ, Jiang S, Zhang L, Yu ZB. Mitochondrial electron transport chain, ROS generation and
uncoupling (Review). Int J Mol Med. 2019 Jul;44(1):3-15. doi: 10.3892/ijjmm.2019.4188. Epub 2019
May 8. PMID: 31115493; PMCID: PMC6559295.

82



KD
°e

Zheng HC. The molecular mechanisms of chemoresistance in cancers. Oncotarget. 2017 Jul
6;8(35):59950-59964. doi: 10.18632/oncotarget.19048. PMID: 28938696; PMCID: PMC5601792.

Zhu L, Le T, Popkin D, Olatunbosun O. Quality-of-life analysis in the management of endometrial
cancer. Am J Obstet Gynecol. 2005 May;192(5):1388-90. doi: 10.1016/j.ajog.2004.12.081. PMID:
15902117.

Zong WX, Rabinowitz JD, White E. Mitochondria and Cancer. Mol Cell. 2016 Mar 3;61(5):667-676.
doi: 10.1016/j.molcel.2016.02.011. PMID: 26942671; PMCID: PMC4779192.

83



