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ABSTRACT

| tumori maligni piu abbondanti nella popolazione maschile di eta
compresa tra i 17 ed i 45 anni, sono i tumori delle cellule germinali
(GCTs). Essi comprendono un gruppo eterogeneo di neoplasie in termini
istologici, di marker d’espressione ed eta di manifestazione. I tumori
delle cellule germinali testicolari negli adolescenti e negli adulti
(TGCTSs) possono essere classificati in tumori seminomatosi (GCT di
tipo Il) e non seminomatosi. Nel nostro studio prenderemo in
considerazione il GCT di tipo Il, utilizzando come modello sperimentale
la linea cellulare TCam2, ad oggi unica al mondo ampiamente
caratterizzata e comprendente tutte le caratteristiche del seminoma
umano, originata dalla lesione primaria di un seminoma testicolare
sinistro di un paziente di 35 anni. La difficolta di avere un modello
cellulare valido per i tumori seminomatosi é il motivo principale che
rende il tumore testicolare uno dei tumori meno studiati. La ricerca sul
cancro testicolare continua ad investigare e studiare terapie volte ad
indurre la morte nelle cellule tumorali. Recentemente, il metabolismo
energetico e considerato un obiettivo innovativo nelle terapie
antitumorali, in quanto le alterazioni metaboliche sono una caratteristica
comune dei tessuti cancerosi.

Il fenotipo metabolico maggiormente caratterizzante e per prima
osservato nelle cellule cancerose e quello conosciuto come Effetto
Warburg, che prevede la produzione di ATP attraverso la glicolisi invece
che attraverso la fosforilazione ossidativa, anche in presenza di normali
concentrazioni di ossigeno (Barger JF et al. 2010).

Tuttavia, la riprogrammazione metabolica nei tumori si estende oltre

I'Effetto Warburg. In effetti, la teoria classica sul metabolismo delle



cellule tumorali (aumento dell'attivita glicolitica e down-regolazione
della fosforilazione ossidativa) & ancora oggetto di indagini in quanto
numerosi studi hanno dimostrato che le cellule tumorali possono vivere
in un ampio spettro di stati bioenergetici che variano dalla predominanza
del fenotipo glicolitico, glicolitico parzialmente ossidativo, fino a quello
prevalentemente fosforilativo (Smolkova K et al. 2011).

Gli estrogeni ed i loro recettori, sono in grado di modulare diversi aspetti
del metabolismo cellulare come quello glucidico o lipidico,
un’alterazione dei loro pathways trasduzionali é stata correlata infatti
allo sviluppo di malattie metaboliche (Faulds Malin Hedengran, 2012).
Nel nostro precedente studio abbiamo evidenziato un link tra ERB/PTEN
che attivato dall’estradiolo, induce la morte di tali cellule mediante
autofagia e necroptosi (Guido C. et al. 2012). Poiché, morte cellulare e
metabolismo energetico sono strettamente correlati, abbiamo ipotizzato
che il link E2/ERB/PTEN possa indurre una alterazione anche nella
riprogrammazione metabolica nelle cellule di SE. Il ruolo di PTEN nella
sopravvivenza e proliferazione cellulare é stato gia riportato, inoltre
PTEN ¢ in grado di influenzare alcuni pathways metabolici come il
metabolismo del glucosio (Madeline B, 2002), ed il metabolismo lipidico
(Qiu W. 2008; Juan Liu, 2012; Ana Ortega-Molina and Manuel Serrano,
2013). Lo scopo di questo studio e quello di investigare un potenziale
cross-talk funzionale tra E2, ERP e PTEN nell’interferire sulla
riprogrammazione metabolica delle cellule TCam2 di seminoma umano,
cosi da ampliare le nostre conoscenze sul ruolo e sulla regolazione del
gene PTEN oltre che sulla biologia di questo tipo di tumore.

I nostri dati evidenziano un nuovo ruolo dell’ER come tumor

suppressor, indicando che il meccanismo attraverso cui I’E2 induce la



morte delle cellule TCam2 avviene anche attraverso 1’alterazione della
riprogrammazione metabolica in cooperazione con il gene PTEN.

Ad oggi, il metabolismo di questa linea cellulare non e stato ancora
investigato e pertanto il nostro lavoro contribuirda a migliorare le
conoscenze su questo aspetto della biologia del seminoma umano.
Concludendo, i nostri risultati supportano 1’idea di una dipendenza
estrogenica del tumore testicolare come gia riportato in letteratura,
indicando I’ERP come possibile target terapeutico per il trattamento di

questa condizione patologica.



SUMMARY

Testicular germ cell tumors of adults and adolescents (TGCTs) are the
most common tumor in male. TGCTs can be classified into two main
histological subtypes, seminoma (SE) and non-seminoma (NS). Here the
focus is on SE, by using the TCam2 cell lines, containing typical features
of human seminoma and originated from a primary testicular seminoma
of a 35-year-old patient (Minzuno et al., 1993). Testicular cancer
research continues to investigate and study therapies aimed to induce cell
death. Recently, energetic metabolism is considered an innovative target
in anticancer therapies since metabolic changes are a common feature of
cancerous tissues. The most characterizing metabolic phenotype
observed in cancer cells is known as Warburg Effect, according to which
ATP production occurs through glycolysis rather than oxidative
phosphorylation, even under normal oxygen concentrations. However,
the classical theory on the metabolism of cancer cells (increased
glycolytic activity and down-regulation of oxidative phosphorylation) is
still under investigation since numerous studies have also shown that
cancer cells can live in a wide spectrum of states ranging from the
predominance of the glycolytic phenotype up to the phosphorylative one.
Estrogen and estrogen receptors (ERs) are well-known regulators of
several aspects of metabolism, including glucose and lipid metabolism,
and impaired estrogen signaling is associated with the development of
metabolic diseases (Faulds Malin Hedengran, 2012). In others and our
previous study, we evidenced that the TCam2 cells express the ERJ
isoform and not the classical ERa (Mizuno et al., 1993). Upon increasing
E2, by western blot and RT-PCR we observed an increase of PTEN both

at protein and mRNA levels. From our preliminary data a molecular and
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functional relationship between ERp and PTEN in inducing cell death
was evidenced on TCam2 seminoma cell line. Since cell survival is
closely coupled to the cellular metabolism we hypothesized that the
ERB/PTEN link might be also involved in this issue. Although a
regulatory role for PTEN has been always investigated in cell survival
and proliferation, it was reported that it influences glucose metabolism
by negatively regulating insulin signaling (Madeline B., 2002), and it
regulates hepatic lipogenesis (Qiu W, 2008; Juan Liu, 2012; Ana Ortega-
Molina and Manuel Serrano, 2013). Furthermore, PTEN appears to be
essential for the differentiation of testicular germ cell tumor.

The aim of this study was to investigate a potential functional crosstalk
between E2, ERB and PTEN in altering the metabolic reprogramming of
human seminoma cells, to improve our understanding in the biology of
testicular tumour and in the regulation and roles of the ERB and PTEN
genes.

To evidence if E2, through ERB and PTEN, is able to interferes with
metabolic reprogramming in TCam2, we have characterized the basal
metabolic profile of our cells and evaluated the effect of E2 on different
metabolic pathways, in the presence or not of the ERB and/or PTEN
genes, by using an ERp antisense plasmid (AS/ERP) and a specific
PTEN-silencer.

Our study suggests a novel tumor suppressor role for the ER in human
seminoma, indicating that the mechanisms through which E2 induces
cell death in TCam2 also occurred by altering the metabolic
reprogramming. Interestingly, a cooperation between ERP and PTEN
existed. Up to date, no studies have examined energy metabolism
management in human seminoma cell line, of consequence our study

will greatly improve the knowledge of this aspect in SE.



Concluding, these data support estrogen-dependency of human testicular
seminoma and candidate the ERpB-ligands for a therapeutic use in the

treatment of this pathological condition.



INTRODUCTION

The most abundant malignancies among male population between the
ages of 17 and 45 years are germ cell tumours (GCTs) and its incidence
has increased 3-4 fold in the last 50 years. They comprise a
heterogeneous group of neoplasms in terms of their histology, marker
expression, and age of manifestation. Testicular germ cell tumors of
adolescents and adults (TGCTs) can be classified into seminomatous
(SE) and nonseminomatous tumors (NSE). Within the testis, three types
of GCTs can be diagnosed: type | (teratomas and yolk-sac tumors of
neonates and infants); type Il (seminomas and nonseminomas); type Il
(spermatocytic seminomas). Here the focus is on SE, by using the
TCam2 cell lines that is to date, the only one widely characterized and
containing all the feature of human seminoma. This type of tumor is one
of the less studied because of the difficulty to have a valid model for
seminomas, therefore the molecular mechanisms of the disease remain
yet to be clarified. To date, TCam2 cells are the unique cells of human
seminomas as is reported by Minzuno (Mizuno et al., 1993).

Testicular cancer research continues to modify current therapies aimed to
induce cancer cell death. In our previous study we characterized TCam2
cells for the expression of the classic oestrogen receptor isoforms, ERa,
and ERp, by which oestrogen hormones act in almost all type of cells.
Western Blotting analysis has highlighted that ERB is mainly expressed
in our cellular model (Guido et al., 2012). These data are supported by
literature according to which ERJ is the most expressed isoform in all
the human male genital tract. Interesting, our data shown for the first
time, that E2 is able to up regulate PTEN gene inducing TCam2 to

demise through autophagy and necroptosis. Cancer cells survival is



strongly linked to metabolic reprogramming of the cells. Disruption of
tumour metabolism represents an elegant approach to induce cancer cell
death. In fact, energy metabolism has been considered an innovative
target in anticancer therapies, since metabolic changes are a common
feature of cancerous tissues. However, it may help in understanding how,
step by step, the metabolic pathways are arranged in comparison with
normal metabolism to characterize a cancer metabolic phenotype.

The most characterizing metabolic phenotype observed in cancer cells is
known as the Warburg Effect (Fig.1), which involves the production of
ATP through glycolysis instead of oxidative phosphorylation, even in
presence of normal oxygen concentrations (Barger JF et al 2010).
However, metabolic reprogramming in tumours extends beyond the
Warburg Effect. In fact, the classical theory on the metabolism of tumour
cells (increased glycolytic activity and down-regulation of oxidative
phosphorylation) is still under investigation as numerous studies have
shown that cancer cells can live in a wide spectrum of bioenergy states
that they range from the predominance of the glycolytic to the

phosphorylating phenotype (Smolkova K et al., 2011).
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Estrogen and estrogen receptors (ERs) are well-known regulators of
several aspects of metabolism, including glucose and lipid metabolism,
and impaired estrogen signaling is associated with the development of
metabolic diseases (Faulds Malin Hedengran, 2012). SE resembles
primordial germ cells or early gonocytes, the cells from which all
TGCTs are thought to be derived. The most widely accepted model of
TGCTs development proposes an initial tumorigenic event in utero and
the development of a precursor lesion known as intratubular germ cell
neoplasia undifferentiated (ITGCNU), also known as carcinoma in situ
(Skakkebaek N. E., 1972). This is followed by a period of dormancy
until after puberty when TGCTs emerge and this suggests that the
TGCTs development is hormone dependent. In addition to the role of
androgens, several studies have demonstrated the importance of estrogen
in influencing the male reproductive function (Hess et al., 1997, Sharpe,
1998). It is well-known capacity of the testis to convert androgens into
estrogens by the enzyme P450 aromatase. The testicular expression of
this enzyme has been demonstrated in several species both in somatic
(Sertoli cells and Leydig cells) and in germ cells. It was shown that
estrogens are able to stimulate proliferation of rat neonatal gonocytes in
vitro, to induce spermatogenesis in the hypogonadal mouse (Li et al.,
1997, Ebling et al., 2000). Interestingly, 17R-estradiol (E2) appears to be
a potent germ cell survival factor in the human testis since is able to
prevent apoptosis of human adult postmeiotic germ cells cultivated in
preserved seminiferous tubules (low concentrations of 17R-estradiol, 10
and 10 mol/L, effectively inhibited male germ cells apoptosis).
Conversely, it was shown that E2 is able to inhibit human embryonal
carcinoma cell proliferation in vitro through an oestrogen receptor (ER)

B-dependent mechanism suggesting that ER[ acts on germ cells as a
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tumor suppressor (Roger et al., 2005) according to the observations
made in ERB knockout mice by Delbes et al. on neonatal gonocytes
(Delbes et al., 2004). In human testis, gonocytes (Gaskell et al., 2003)
and most adult germ cells (Mé&kinen et al., 2001) express mainly ERp.
However, the precise role of estrogens/ERs (Dupont et al., 2000) and the
underlying mechanism(s) in the control and in the biology of testicular
tumors remain to be determined.

The best understood biochemical function of PTEN is to counteract the
activity of the class | phosphatidylinositol 3-kinases (PI3Ks) (Ana
Ortega-Molina and Manuel Serrano, 2013). PTEN negatively regulates
the PI3K (Leslie et al., 2002) through the dephosphorylation in position
D3 of phosphatidylinositol 3,4,5-triphosphate (PIP3) and then generating
inactive PIP2. PIP3 regulates PDK1, a kinase that in turn phosphorylates
and activates AKT (Fig. 2).
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FIG.2: The PISBK/AKT/PTEN pathway
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Loss of PTEN function in embryonic stem cells and human cancer cell
lines results therefore in PIP3 accumulation and the activation of its
downstream signalling molecule, AKT/PKB. Subsequently, activation of
the PI3K/AKT pathway by the loss of PTEN stimulates various
biological functions, such as cell cycle progression, cell survival and cell
migration The tumor suppressor gene PTEN, is frequently mutated in
human cancers, including brain, breast, endometrial, prostate, and kidney
tumors (Cantley and Neel 1999; Simpson and Parsons 2001) and it is
abundantly expressed in germ cells whereas it was virtually absent from
56 % of seminomas as well as from 86% of embryonal carcinomas,
leading to an uncontrolled stimulation of growth and survival signals.

PTEN appears to be essential for germ cell differentiation and an
important factor in testicular germ cell tumor formation and primordial
germ cells (PGCs), which are the embryonic precursors of gametes
(Kimura et al., 2003). Increased mitotic levels, higher percentages of
apoptotic cells, and teratoma formation were observed in vivo for PTEN
mutant male gonads. Despite extensive characterization of PTEN
mutations in human cancers and relatively good understanding of the
molecular roles of PTEN in the control of cellular processes, little is
known about the roles that PTEN carry out in the cells. Recently it was
reported that mono-ubiquitination regulates nuclear import of PTEN and
that in nucleus, PTEN plays an important role in preserving
chromosomal integrity. More relevant to this study, it was found that
subcellular compartmentalization of PTEN may play a key role in its
tumor-suppressive activity, although function of PTEN within the
nucleus remains to be defined. Emerging evidence suggests that PTEN
also has PI3K/Akt-independent functions (Pingdong, Li, 2014). Other

latest studies, highlighted the existence of different translational isoform
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of this protein, PTENa and PTENP. The first, seems to be involved in
the induction of cytochrome c¢ oxidase activity and ATP production in
mitochondria (Liang H. et al., 2014). PTENp, on the contrary seems to
localize in the nucleolus of the cells where seems to inhibits ribosome
biogenesis by regulating nucleolin phosphorylation. These results
demonstrate the complexity of the PTEN protein family and the diversity
of its functions (Liang H. et al., 2017). Till now, the regulation of PTEN
expression, localization and function is still unclear especially in
testicular tumor cells.

From our preliminary data an outcome of the ERB/PTEN relationship
was evidenced on seminoma cell survival and generally this effect is
closely coupled to the cellular metabolism.

Herein, we will test increasing E2 concentrations to evaluate eventual
effects on the TCam2 cells metabolic reprogramming as well as the
biological significance of this potential link. Three different
concentration of E2 will be tested as well as the combination of E2 with
ICI 182,780 (ICI) or Fulvestrant, to evaluate the more efficacious dose
able to interferes with metabolic reprogramming and if the effect is ER-
mediated in human seminoma cell line. After, we analyzed PTEN role by
using a PTEN-siRNA. An ERp antisense plasmid, AS/ERp, was also
used.

Results of this study will begin to determine the regulatory mechanisms
involved in SE, expanding our knowledge concerning the actions
mediated by ERP and PTEN. Furthermore, we evidenced their

involvement in the alteration of SE metabolic reprogramming.
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Materials and methods

Mizuno and coworkers reported isolation and characterization of a cell
line named TCam2 (Mizuno et al., 1993). This cell line originated from a
primary lesion of a left testicular seminoma (typical pure type
seminoma) of a 35 aged male patient and was generated initially by in
vitro culture, and also propagated as xenografts in SCID mice. Using a
multidisciplinary approach, it was concluded that TCam2 is
representative for seminoma (de Jong J. et al., 2008).

Cell cultures - Human TCam2 seminoma cell line (a gift from Dr.
Leendert H. J. Looijenga Department of Pathology, Erasmus MC-
University Medical Center Rotterdam, Josephine Nefkens Institute,
TCam2 cells were obtained from Sohei Kitazawa (Division of Molecular
Pathology, Kobe University, Japan) were grown in RPMI plus 10% fetal
bovine serum (FBS), 1% penicillin/streptomycin, 200 mM glutamine, at
37 °C in a humidified cell culture incubator with 5% carbon dioxide.
Chemicals - Estradiol (oestra-1,3,5,(10)-triene-3,173-diol) (E2), and all
other chemicals were purchased from Sigma Chemical (Milan, Italy).
Acrylamide bisacrylamide was from Labtek Eurobio (Milan, Italy). ICI
182,780 (ICI) were purchased from Tocris chemical (Bristol, UK).
Lipofectamine 2000 reagent (Invitrogen, Paisley, UK). ECL system
(Amersham Pharmacia, Buckinghamshire, UK). Bradford protein assay
was performed using a kit from Bio-Rad Laboratories, Inc. (Milan, Italy).
Antibodies used in this study were from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). MitoProfile® Total OXPHOS WB Antibody
Cocktail was from Abcam (Milan, Italy). Triglycerides, lipase activity,
glucose-6-phosphate dehydrogenase (G6PDH) activity and glucose assay
kits were from Inter-Medical (Biogemina Italia Srl, Catania, Italy).

Molecular Probes’ ATP Determination kit (A22066) was from Invitrogen
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(Milan, Italy). E2 and ICI were dissolved in ethanol (0.02% final
concentration) and used as solvent controls did not induce any positive
result in all in vitro assays (data not shown).

Glucose assay. Glucose oxidase catalyzes the oxidation of glucose to
gluconic acid. The formed hydrogen peroxide is detected by a
chromogenic oxygen acceptor, phenol, 4-aminophenazone in the
presence of peroxidase. The intensity of the color formed is proportional
to the glucose concentration in the sample (Guido C et al., 2010). Data
are presented as nM/mg protein.

Triglyceride assay. Triglycerides were measured in duplicate by a
GPO-POD enzymatic colorimetric method according to the
manufacturer's instructions in cell lysates and as previously described
(Guido et al., 2011). Data are presented as nM/mg protein.

Lipase activity assay. Lipase activity was evaluated by the method of
Panteghini et al (Panteghini M. et al., 2001) based on the use of 1,2-o0-
dilauryl-rac-glycero-3-glutaric  acid-(6'-methylresorufin)  ester as
substrate, as previously described (Aquila S. et al., 2006). Data are
presented as nM/min/mg protein.

Assay of the G6PDH activity. The conversion of NADP+ to NADPH,
catalyzed by G6PDH, was measured by the increase in absorbance at
340 nm as previously described (Guido et al., 2011; Aquila S. et al.,
2006). Data are presented as nM/min/mg protein.

ATP assay. A bioluminescence assay for quantitative determination of
ATP with recombinant firefly luciferase and its substrate D-luciferin
(light emission at 560 nm at pH 7.8), was performed as previously
described (Pingitore A. et al., 2009). Data are presented as nM/mg
protein.
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Acyl-CoA dehydrogenase activity assay (Fatty Acid Oxidation,
FAO) Acyl-CoA dehydrogenases catalyze the initial step in each cycle
of fatty acid-oxidation in the mitochondria of cells. Assay was performed
using a modification of a previously described (Lehman TC et al., 1990).
In brief, after protein lysis, 50 g of proteins were added to the buffer
containing 20 mm Mops, 0.5 mm EDTA and 100 Im FAD at pH 7.2.
Reduction of FAD to FADH2 was read at 340 nm upon addition of
octanoyl-CoA (100 pg M) every 20 s for 1.5 min. Data are expressed as
nmol / min /g protein. The enzymatic activity was determined with three
control media: one without Acyl-CoA as substrate, another without the
coenzyme (FAD) and the third without either substrate or coenzyme
(data not shown).

Plasmid The ERp antisense plasmid (AS/ERP) contains, in reverse
orientation, a 1170 bp fragment of the coding sequence of the human
ERp cloned in pIRESpuro2 vector (Clontech).

Transfections and luciferase assays. Transfections were

done as described using Fugene 6 reagent (Promega, E2691). Luciferase
activity was measured with the Dual Luciferase kit (Promega, E1500).
Lipid-mediated transfection of siRNA duplexes. RNA oligonucleotide
directed against PTEN was purchased from Cell Signaling (62515).
Immunoblotting TCam2 cells were grown in 10 cm dishes to 70-80 %
confluence and exposed to treatments as indicated in 5% dextran coated
charcoal (DCC). Cells were then harvested in cold phosphate-buffered
saline (PBS) and resuspended in lysis buffer containing 20 mM HEPES
pH 8, 0.1mM EDTA, 5mM MgCl,, 0.5M NaCl, 20 % glycerol, 1 % NP-
40, inhibitors (0.1mM NazVOs, 1 % PMSF, 20 mg/ml aprotinin). Protein
concentration was determined by Bio-Rad Protein Assay (Bio-Rad
Laboratories, Hercules, CA USA). A 70ug portion of protein lysates was
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used for Western Blotting (WB), resolved on a 12 % SDS-
polyacrylamide gel, transferred to a nitrocellulose membrane and probed
with the indicated Abs. As internal control, all membranes were
subsequently stripped (glycine 0.2 M, pH 2.6 for 30 minutes at room
temperature) of the first antibody and reprobed with anti-p-actin Ab.

The antigen-antibody complex was detected by incubation of the
membranes for 1 hour at room temperature with the appropriated
secondary antibodies peroxidase-coupled and revealed using the
enhanced chemiluminescence system. Blots were then exposed to film.
The intensity of bands representing relevant proteins was measured by

Scion Image laser densitometry scanning program.

Statistical Analysis

The data obtained (six replicate experiments using duplicate
determinations) are presented as the meantSEM. The differences in
mean values were calculated using ANOVA with Newman—Keuls post hoc
test. Values of P<0.05 were taken to show a significant difference

between means.
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RESULTS

ERs expression in human seminoma cells

First of all, we characterized TCam2 cell for the presence of ERs. As it
concerns the classical ERa, the protein was not detectable in our cells
compared with MCF-7, a human breast cancer cell line used as positive
control, neither by using an anti-ERa Ab raised against the carboxy-
terminal part of ERa (Fig. 3A), nor with an Ab recognizing the amino-
terminal part of ERa Fig 3B. On the contrary, an intense band was
detected by Western blotting at 60 kDa (Fig. 3C) corresponding to the

molecular mass of the ERp long form.
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MCF7 TCAM2 MCF7 TCAM2 MCF7 TCAM2

FI1G.3: Immunoblots of estrogen receptors (ERa, ERp) from protein extracts of
TCam2. Western blot analysis of proteins showed expression of the estrogen
receptors (ERs). Extracts of TCam2 protein were subjected to electrophoresis on
12% SDS-polyacrylamide gels, blotted onto nitrocellulose membranes and probed
with mouse Ab to human ERa (A), rabbit polyclonal Abs to human ERa (B) and
ERp (C). MCF-7 extracts were used as controls. The number on the left corresponds
to molecular masses (kilodaltons, kDa) of the marker proteins. The experiments were
repeated at least six times, and the autoradiographs of the figure show the results of
one representative experiment.

PTEN protein and mRNA increased in response to E2

The precise role of estrogens/ERs and the underlying mechanism(s) in

the control and in the biology of testicular tumors remain to be

18



determined (Dupont et al. 2000). Despite a relatively good understanding
of the molecular roles of PTEN in the control of cellular processes, little
iIs known about modes of PTEN gene regulation and all the roles that
PTEN plays in the cells. In order to evaluate a potential functional cross-
talk between E2/ERs and PTEN we studied the effect of increasing
concentrations of E2 on PTEN expression. Interestingly, E2 upregulated
the PTEN protein expression in a dose-dependent manner from 1 nM to
10 nM, while 100 nM did not give significantly effects (Fig. 4A).

Next, we investigated the mRNA expression of PTEN, and it was
induced by E2 in a similar pattern as it was obtained for the protein (Fig.
4B). ICI failed to cause an increase in PTEN protein and mRNA levels,

suggesting a direct involvement of the ER in mediating this effect.
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FI1G.4: E2 up-regulates PTEN protein and mRNA expression in TCAm2 cells. (A)
Immunoblots of PTEN from TCamz2 cells treated for 24 h with vehicle (-), increasing
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E2 (1,10,100 nM) concentrations, 1uM ICI alone or in combination with 10 nM E2.
B-actin was used as loading control. The side panel shows the quantitative
representation of data (mean £ S.E.M.) of six independent experiments including that
of A. (B) Semiquantitative RT-PCR evaluation of PTEN mRNA expression. TCam2
cells were treated as in A. 36B4 mRNA levels were determined as control. The side
panel shows the quantitative representation of data (mean + SEM) of six independent
experiments including that of B after densitometry and correction for 36B4
expression. *P<0.05 E2-treated vs untreated cells; **P<0.01 E2-treated vs. untreated
cells.

E2/ERp regulated glycolysis in TCam2 cells

To evaluate the E2 effect on glycolysis in our cells, we first determined
the cellular glucose content through spectrophotometric techniques and
analyzed the expression levels of various key enzymes involved: 6-
phosphofructol-kinase (PFK1); aldolase; Pyruvate Kinases M1 and LDH
expression. Initially, we used increasing concentration of E2 to treat
TCamz2 cells for 24 h in order to individuate the more efficacious dose
able to interfere with metabolic reprogramming in human seminoma cell
line. Therefore, we used a specific inhibitor of estrogenic receptor such
as Fulvestrant (ICI 182, 780), to test if the effect observed was ER-
mediated. From our results E2 treatment induced an increase in the
Glucose amount in TCam2 cells at 10 nM E2 (Fig. 5). The effect seemed
to be ER-mediated. The expression of PFK-1, aldolase and PKM1 was
reduced, particularly at 1 and 10 nM of E2 for PFK1 while the
expression of aldolase at 10 and 100 nM and PKM1 was reduced at all
E2 concentrations used (Fig. 6). It seems that E2 induced a slowdown of
the glycolytic pathway through the ERP. By testing the LDH we
observed a significant reduction in its expression especially at 10 and
100 nM of E2 (Fig. 7-8). The presence of the ER-inhibitor reversed the
effect of 10 nM E2.
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FIG.5: Glucose assay. TCam2 cells treated without (-) or with increasing E2 1nM,
10nM, 100nM, ICI 1uM, ICI 1 pM + E2 10nM. The columns represent the average
obteined from at least three indipendent experiments. *P< 0.05 E2-treated vs.
untreated cells.
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FI1G.6: Western blot assay of PFK1, aldolase and PKM1. TCam2 cells treated
without (-) or with increasing E2 1nM, 10nM, 100nM, ICI 1uM, ICI 1 pM+E2
10nM. B-actin was used as loading control. The number on the top of the blot are the
mean of bands intensity evaluated in terms of terms of optical density arbitrary units
and and expressed as the fold over the control, which was assumed to be 1. For PFK1
was considered the upper band. The sample untreated was considered to be 1.
*P<0.05 E2-treated vs. untreated cells. **P<0.01 vs untreated cells.
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FIG. 7: Western Blot analysis of LDH expression (on the left) and densitometry.
TCama2 cells treated without (-) or with increasing E2 1nM, 10nM, 100nM, ICI 1M,
ICI 1 uM + E2 10nM. B-actin was used as loading control. The columns show the
quantitative representation of data (mean + S.E.M.) of three independent experiments
in which the intensity of the band were evaluated in terms of optical density arbitrary
units, where each bands have been related to the control. The sample untreated was
considered to be 100. *P<0.05 E2-treated vs. untreated cells: **P<0.01 vs untreated
cells.

E2/ERp affected the pentose phosphate pathway (PPP) in TCam2 cells

Glucose can be also metabolized via PPP of which the G6PDH is the
first key enzyme. E2 treatment induced a significant reduction in the
enzymatic activity (Fig. 8), particularly at 1 and 10 nM of E2, indicating
how the decrease in G6PDH in treated cells contributes to the decrease
in glucose utilization. Our results indicate that this effect is ERp

mediated and supported the glucose accumulation inside the cells.
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FIG.8: G6PDH assay. TCam2 cells treated without (-) or with increasing
concentration of E2 at 1nM, 10nM, 100nM, ICI 1puM, ICI 1 pM + E2 10nM. The
columns represent the average obtained from at least six independent experiments.
*P< 0.05 E2-treated vs. untreated cells.

E2/ERp effects on the replenishment of the TCA cycle

The refueling of TCA cycle can occur at least through two key points:
the PDH and the a-KGD complexes.

In normal cell metabolism, pyruvate maintains the tricarboxylic acid
(TCA) cycle flux. The pyruvate, in cancer cells, can be reduced to lactate
and shuttled out of the cell or transported in mitochondria and oxidized
by the complex the pyruvate dehydrogenase (PDH), which is regulated
and blocked by the pyruvate dehydrogenase kinase (PDK), limiting the
pyruvate conversion into Acetyl-CoA. (Liem Minh Phan et al., 2014)
(Kyle S. McCommis and Brian N. Finck, 2015). As shown in Fig. 9, the
PDH (E1 isoform) expression did not undergo to variations after E2
treatment while the PDK expression is slightly but not significantly
increased at 10 and 100 nM of E2.
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FIG. 9: Western Blot analysis of PDH (E1) and PDK expresseion (on the left) and
densitometry (on the right). TCam2 cells without (-) or with increasing
concentration of E2 at 1nM, 10nM, 100nM, ICI 1M, ICI 1 pM+E2 10nM. B-actin
was used as loading control. The columns represent the average obteined from three
indipendent experiments in which the intensity of each bands were evaluated in
terms of optical density arbitrary units where each bands have been related to the
control. The sample untreated was considered to be 100.

Altogether, these data suggested us to investigate whether the TCA cycle
is refueled at the level of a-KGD complex.

Cancer cells to supply TCA cycle intermediates and support anabolic
processes, rely mostly on glutamine, which enters into the cycle as a-
ketoglutarate via the a-ketoglutarate dehydrogenase (a-KGD) complex.
(Liem Minh Phan et al., 2014; Deberardinis RJ, et al., 2008).

As observed in Fig. 10, concentrations of 1 and 10 nM E2 induced the
expression of a-KGD in a ERB-dependent manner. Glutamine, is the
most abundant in the plasma and an additional energy source in tumor
cells especially when glycolytic energy production is low (Deberardinis
RJ et al.; 2008) This aminoacid is converted to a-ketoglutarate in two
reaction steps and the second is catalyzed by the glutamate
dehydrogenase (GLUD21) which was increased, via ERp, particularly
upon 10 and 100 nM E2 (Fig. 11). Thus, the consequence of E2 action
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might be that glutaminolysis refuels a ‘truncated” TCA cycle in human

seminoma cancer cells.
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FIG. 10: Western Blot analysis of a-KGD and GLUD1. TCam2 cells treated
without (-) or with increasing concentration of E2 at 1 nM, 10 nM, 100 nM, ICI
1uM, ICI 1 uM + E2 10 nM. The autoradiographs show the results of one
representative experiment. B-actin was used as loading control. The number on the
top the blots represent the average obtained from three independent experiments in
which the intensity of each bands was evaluated in terms of arbitrary units of optical
density, and expressed as the fold over the control, which was assumed to be 1.
*P<0.05 E2-treated vs. untreated cells: **P<0.02 vs untreated cells.

E2 modulated bioenergetic requirements in TCam2 cells

Afterwards, we focused our investigation on an energy sensor, the AMP-
activated protein kinase (AMPK) expression and the cellular ATP
content as well as the expression of some components of the respiratory
chain. AMPK is activated and induced by metabolic stresses which
interferes with ATP production (Smolkova K, et al., 2011). Under E2
treatment, we observed a significant increase in AMPK expression at all
the concentrations used (Fig. 11). Concomitantly, although it seemed
contradictory, we also noted a slight but not significant increase in ATP
production upon 1 and 10 nM of E2 (Fig. 12).
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FIG. 11. Western Blot analysis of AMPK expression (on the left)and
densitometry (on the right). TCam2 cells treated without (-) or with increasing E2
1 nM, 10 nM, 100 nM, ICI 1uM, ICI 1 uM + E210 nM. A) The autoradiographs
show the results of one representative experiment. -actin was used as loading
control. B) The columns shows the quantitative representation of data (mean +
S.E.M.) of three independent experiments in which the intensity of the band were
evaluated in terms of optical density arbitrary units, and expressed as the fold over
the control, which was assumed to be 100.*P<0.05 E2-treated vs. untreated cells:
**pP<0.02 vs untreated cells.
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FIG. 12: ATP assay. TCamz2 cells without (-) or with increasing concentration of E2
at increasing E2 1 nM, 10 nM, 100 nM, ICI 1uM, ICI 1 pM + E2 10 nM. The
columns represent the average obtained from three indipendent experiments.
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E2 promoted a lipid-lowering effect in TCam2 cells.

Increase in lipid metabolism is another remarkable feature of cancer
cells. Similar to glucose and glutamine, fatty acid metabolism supports
both the biosynthetic and the bioenergetic requirements for cell
proliferation and survival. E2-treated TCam2 cells through ER[ reduced
the triglycerides content compared to the untreated cells (Fig. 13).
Alongside, the lipase activity and fatty acid oxidation (FAQO), both the
lipid catabolic processes, increased particularly at 10 nM of E2 (Fig. 14,
15).
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FIG. 13. Triglyceride assay. TCam2 cells treated without (-) or with incrasing E2
1nM, 10nM, 100nM, ICI 1uM, ICI 1 pM + E2 10nM. The columns represent the
average obteined from three indipendent experiments. **P< 0.05 E2-treated vs.
untreated cells.
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FI1G.14: Lipase assay. TCam2 cells treated without (-) or with increasing E2 1nM,
10nM, 100nM, ICI 1uM, ICI 1 pM+E2 10nM. The columns represent the average
obteined from three indipendent experiments. *P< 0.05 E2-treated vs. untreated
cells. **P< 0.02 E2-treated vs. untreated cells.
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FIG. 15: Acyl-coA dehydrogenase assay. TCam2 cells treated without (-) or with
increasing E2 1 nM, 10 nM, 100 nM, ICI 1 uM, ICI 1 pM + E2 10 nM. The columns
represent the average obteined from at least three indipendent experiments. *P< 0.05
E2-treated vs. untreated cells. **P< 0.01 E2-treated vs. untreated cells.

E2 effects on de novo fatty acid synthesis

An increased use of a ‘truncated’ TCA cycle, includes diversion of

citrate to cytosolic export for lipid synthesis. Cancer cells frequently
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upregulate de novo fatty acid synthesis to satisfy their demands for lipids
and increased fatty acid synthesis has been linked to poor prognosis in
breast cancer (Zhang F. and Du G., 2012). It is a multiple step process
involving several enzymes such as ATP citrate lyase (ACLY), Acetyl-
CoA carboxylase (ACCa), fatty acid synthase (FASN). Interestingly, we
observed that all the enzymatic expressions were reduced by E2 (Fig.
16).
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FIG. 16: Western Blot analysis of ACLY, ACCa and FASN expression. TCam2
cells treated without (-) or with increasing E2 at 1 nM, 10 nM, 100 nM, ICI 1 uM,
ICI 1 uM + E2 10 nM. The autoradiographs show the results of one representative
experiment. B-actin was used as loading control. The number on the top the blots
represent the average obtained from three independent experiments in which the
intensity of each bands was evaluated in terms of arbitrary units of optical density,
and expressed as the fold over the control, which was assumed to be 1. For ACLY:
*P<0.01 E2-treated vs. untreated cells: **P<0.002 vs untreated cells; for ACCa:
*P<0.05 E2-treated vs. untreated cells: **P<0.001 vs untreated cells; for FASN:
*P<0.05 E2-treated vs. untreated cells: **P<0.002 vs untreated cells.

E2/ERp altered the metabolic reprogramming through a mechanism
involving PTEN gene in human seminoma cells

Our previous study indicate that E2/ERB up-regulate PTEN gene
phosphatase, which  induced a negative modulation of
phosphatidylinositol 3-kinase/Akt-dependent cell proliferation, then the
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cells died (Guido et al., 2012). Further, PTEN has been shown to
influence metabolic pathways such as glycolysis, lipolysis and
lipogenesis (Garcia-Cao et al., 2012). We hypothesized that ERB and
PTEN may converge in a tumor suppressor activity disorganizing the
metabolic reprogramming in human seminoma cells. In this aim we
performed ERB and PTEN silencing studies to evaluate their eventual
effects on key metabolic phases. To test whether the two genes were
really silenced and whether the absence of one gene interferes with the
expression of the other, we blotted the samples without or with 10 nM
E2 treatment, first with the anti-PTEN Ab and after having stripped the
membrane we incubated it with the anti-ERB Ab (Fig.17). The
immunoreaction for PTEN and ERPB was negligible in both silencing
conditions. Interestingly, the absence of PTEN strongly reduced the
expression of ERPB and the ERf silencing significantly abated PTEN

expression, confirming their molecular link in TCam2 cells.
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FIG. 17: Western Blot analysis of PTEN and ERp expression. TCam2 cells without
(-) or with E2 10 nM, SiPTEN control, SiPTEN + 10 nM E2, control AS/RB, AS/ERf3
+ 10 nM E2. B-actin was used as loading control. The number on the top of the blots
represent the average obtained from three independent experiments in which the
intensity of each bands was evaluated in terms of arbitrary units of optical density,
and expressed as the fold over the control, which was assumed to be 1. *P<0.05 E2-
treated vs. untreated cells: **P<0.02 vs untreated cells.
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When we examined the knocking of PTEN and ERP on some key
proteins of the metabolic pathways evaluated, we observed that PTEN
specific sSiRNA and the ERB absence both reversed the E2-induced
effects observed on PFK1l, o-KGDH (Elk or a-KGD), (Fig. 18).
Interestingly, their absence increased basal levels of PFK1 and the E2-
induced effect was reversed, indicating the protective effect of ERp and
PTEN on this context. As it concerns the o-KGD, in the same
experimental conditions the E2-effect was abolished, indicating the
involvement of both ER and PTEN.
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FIG. 18: Western Blot analysis of PFK1 and a-KGD expression. TCam2 cells
without (-) or with E2 10nM, SiPTEN, siPTEN+E2, AS/ERB, AS/ERB+E2. B-actin
was used as loading control. The number on the top the blots represent the average
obtained from three independent experiments in which the intensity of each bands
was evaluated in terms of arbitrary units of optical density, and expressed as the fold
over the control, which was assumed to be 1. *P<0.05 E2-treated vs. untreated cells:

**P<(.02 vs untreated cells.

Next, we analyzed the expression of some OXPHOS components. E2
treatment hesitated even in an alteration of some components of the
respiratory chain (CI, ClIlI, CIlI, CIV, CV), particularly CIV and CV.
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When we silenced ER( and PTEN and evaluated the expression of some
OXPHOS components (Fig. 19), the siPTEN strongly induced CII, CV
and CI at basal levels, while AS/ERp induced CV and CIII, reducing CI
and CIV.

300
70 kDa CII ““... ‘ - Ea
‘ £ il
5030V el ‘ sMr o Ocn
2 Bcv
48 kDa Clll ‘ M i g i mcil
d é 180 [ 3 1. Ocl
8 i L%
37 kDa Cl 1L K %120 L
E -
g .
1 21 07 04 06 05 " 1
16kpacly - . e . - g BN ¥
-]
. T T .
B . e 0 NiE| LT J
f-actin ’,“— - ""‘ E2 (nM) - 10 10 . 10

E2 (nM) 10 - 10 - 10 SiPTEN ASIER]

SiPTEN ASIER[

FIG. 19: Western blot assay of OXPHOS. TCamz2 cells without (-) or with E2 at 10
nM, SiPTEN, SiPEN+E2, AS/ERB, AS/ERB+E2. (A)The autoradiographs show the
results of one representative experiment repeated at least three times. p-actin was
used as a control. For complex CIV: The number on the top the blots represent the
average obtained from three independent experiments in which the intensity of each
bands was evaluated in terms of arbitrary units of optical density, and expressed as
the fold over the control, which was assumed to be 1. (B) Quantitative representation
after densitometry for CV, CII, Clll and CI of the OXPHOS components. The
columns are the mean of three independent experiments in which band intensities
were evaluated in terms of optical density arbitrary units and expressed as a
percentage with respect to the respective controls, which were assumed to be 100.
*P<0.05, *P<0.02. CIV, CI, Clll, CV, Cll indicate OXPHOS components.

Next we evaluated the expression of ACLY, ACCa e FASN in the same
experimental conditions. ACLY, ACCa and FASN protein levels
significantly diminished upon E2 treatment. Our findings highlighted
that the absence of PTEN as well as of ERp induced the expression of all
the proteins considered, concomitantly reversing the effect of E2
treatment (Fig. 20).
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FIG. 20: Western Blot analysis of ACLY, ACCa and FASN expression. TCam2
cells without (-) or with E2 at 10 nM, SiPTEN, siPTEN+E2, AS/ERp, AS/ERB+E2.
B-actin was used as loading control. The number on the top the blots represent the
average obtained from three independent experiments in which the intensity of each
bands was evaluated in terms of arbitrary units of optical density, and expressed as
the fold over the control, which was assumed to be 1. *P<0.05 E2-treated vs.
untreated cells.

Furthermore, we examined the effect of the knocking of PTEN as well as
ERP on: intracellular triglycerides amount, lipase activity and fatty acid
B-oxidation. As it concerned triglycerides levels both PTEN and ERf
absence reversed at least in part the E2 effects and interesting the
absence of both genes in the untreated sample increased triglycerides
amount with respect to the control (Fig. 21).
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FIG. 21: Triglyceride assay. TCam2 cells treated without (-) or with E2 10 nM,
SIPTEN, siPTEN + 10 nME2, AS/ERf; AS/ERB+ 10 nME2. The columns represent
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the average obteined from at least three indipendent experiments. **P< 0.02 E2-

treated vs. untreated cells.

As we can observe in Fig. 22, 10 nM E2-induced Lipase activity as we
previous highlighted. When we knocked for PTEN or ERp the E2 effects

were not observed.
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FIG. 22: Lipase assay. TCam2 cells treated without (-) or with E2 10 nM, SiPTEN,
SiPTEN + 10 nM E2, AS/ERPB; AS/ERP + 10 nM E2. The columns represent the
average obteined from at least three indipendent experiments. *P< 0.01 E2-treated
vs. untreated cells.

As it is shown in Fig. 23, Acyl-coA dehydrogenase is induced by 10 nM

of E2. Using SIPTEN or AS/ER a significant reduction of the enzymatic

activity also at basal level was obtained.
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F1G.23: Acyl-CoA dehydrogenase assay. TCamz2 cells treated without (-) or with E2
10 nM, SIPTEN, SiPTEN+E2, AS/ERpB; AS/ERB+E2. The columns represent the
average obteined from at least three indipendent experiments. *P<0.05 E2-treated vs.
untreated cells; **P< 0.01 E2-treated vs. untreated cells; ***P< 0.00.
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DISCUSSION

Most of the all tumors malignancies (60%) diagnosed in men between 17
and 45 years of age are germ cell tumors (GCT). GCT arise from
carcinoma in situ cells, that develop from a transformed fetal germ cell,
the gonocytes. In the last years the incidence of testicular GCT (TGCT)
has increased annually by 3 % — 6 % in the Caucasian population
(Oosterhuis and Looijenga 2005). Cancers are highly heterogeneous
diseases with individual metabolic features. Recently, energetic
metabolism is considered an innovative target in anticancer therapies
since metabolic changes are a common feature of cancerous tissues.
Cancer metabolic programs supply energy and metabolites to support
biosynthesis, proliferation and other processes of tumorigenesis. The
literature has indicated that the Warburg phenotype is not exclusive and
that a decrease of mitochondrial function is not a general feature of
cancer cells (Jose C, et al., 2011; Valcarcel-Jimenez L, et al., 2017).
Although aerobic glycolysis is often found in malignant tumors,
OXPHOS still contributes to energy production in cancers. The
contribution ratio of glycolysis versus OXPHOS for the total ATP yield
varies in different cells, growth states and microenvironments (Slavov N,
et al., 2014). Therefore, carefulness and a multifaceted approach are
important to define the metabolic phenotypes of a cancer type.

The effects of oestrogen (E2) are known to be mediated by estrogen
receptor-a (ERa) and ERp subtypes, but mainly the ERP has been found
in human germ cells of normal testis. Interestingly, low estradiol (107
and 101° mol/L) appears to be a potent germ cell survival factor in the
human testis since is able to prevent apoptosis of human adult
postmeiotic germ cells cultivated in preserved seminiferous. Conversely,

it was also shown that E2 is able to inhibit human embryonal carcinoma
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cell proliferation in vitro through an ERp-dependent mechanism
suggesting that ERf acts on germ cells as a tumor suppressor according
to the observations made in ERp knockout mice by Delbes et al., on
neonatal gonocytes. Estrogen and the estrogen receptors (ERs) are well-
known regulators of several aspects of metabolism, including glucose
and lipid metabolism, and impaired estrogen signaling is associated with
the development of metabolic diseases (Faulds Malin Hedengran, 2012).
Although PTEN initially was discovered as a tumor suppressor with a
regulatory role in cell survival and proliferation, particularly in tumor-
prone tissues such as the breast and endometrium, more recent studies
have highlighted a role for PTEN in metabolism. In fact, it plays a
significant role in regulating glucose metabolism in vivo by negatively
regulating insulin signaling (Madeline Butler, 2002). Although an
extensive characterization of the TCam2 cell line to prove that it is
representative for human seminoma has been performed, very few
findings have investigated the signaling pathways that govern the
biology of seminoma and tested how seminomas respond to
environmental cues.

In our previous study we evidenced that a molecular and functional
crosstalk between ERf3 and PTEN occurs inducing loss of seminoma cell
survival by autophagy and necroptosis. Since cell death is strongly
related to cell metabolism, we hypothesized that E2/ERB/PTEN might
also act to affect seminoma cell metabolic reprogramming, by using the
TCamz2 cell line which contain typical features of seminoma.

In our previous study we reported the presence of the ERpB in TCam2
cells. The analysis of Western blotting showed strong expression of the
ER long isoform at 60 kDa, whereas two different antibodies used in

the evaluation of ERa did not show any signal at 67 kDa that is the
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molecular weight reported for the classical ERa, clearly expressed in the
MCF7 breast cancer cells used as positive control. Another study of the
JKT-1 cells, embryonic carcinoma cells and testicular non-seminoma as
further evidenced by the literature (Roger et al., 2005), showed the total
absence of ERa. However, JKT-1, considered by the authors cells of
seminoma, through characterization, appeared devoid of genes
commonly found in seminoma and therefore do not constitute a suitable
cellular model for studying the tumorigenesis in seminoma. Moreover, in
human testis, gonocytes (fetal germ cells which differentiate into
spermatogonia after birth) (Gaskell et al. 2003) and most adult germ
cells (Mékinen et al. 2001) express mainly the ERB. The presence of
ERB in TCam2 suggests an estrogen-dependence (or sensitivity to
estrogen) and testicular cancer supports a possible involvement of
endogenous estrogens and / or environmental carcinogenesis in the testis.
It has been reported that estrogen affects all cell types of the male genital
tract and that may influence the normal development of the testes.

PTEN, which is a lipid phosphatase, as well as being an important factor
involved in the mechanisms that induce apoptosis, seems to be involved
in the differentiation of testicular germ cell tumor.

Our preliminary results also showed that E2 is able to increase the
expression of PTEN, both at protein and mRNA levels. This action
appears to be mediated by ER since the effect is reversible by ICI,
specific antagonist of both ERs isoforms. Furthermore, our data showed
that E2 and its receptor are able to modulate the expression of PTEN
through a genomic action, involving the Spl transcription factor (Guido
et al. 2012).

The PTEN gene encodes a lipid phosphatase that negatively regulates the

PI3K/AKT pathway, classically involved in cell survival (Haas-Kogan et
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al., 1998; Stambolic et al., 1998). The activation of E2/ERg and PTEN

link induced our cells to death through autophagy and necroptosis. To
investigate E2 action on metabolic reprogramming in our cell line, we
evaluated the expression and/or activity of the main enzymes responsible
for the regulation of the major metabolic pathways in TCam2 cells,
initially treated with increasing concentrations of E2 and/or ER inhibitor
(ICI). Thereafter, we used siPTEN as well as AS/ER to investigate both

PTEN and ERp role on metabolic reprogramming in our cells.

First, we evaluated glucose content and its metabolism through the
glycolytic pathway in TCam2 cells upon increasing E2 treatments.
Glucose content augmented significantly at 10 nM E2, while the PFK1,
the aldolase and PKM1 expression were eminently decreased. At the
same time the LDHA expression was diminished. Collectively these data
indicated a shutdown of the glycolysis.

LDHA is a key enzyme in anaerobic glycolysis and it catalyzes the
conversion of pyruvate into lactate. In addition, LDHA is a long-lived
protein that appears to be degraded mainly or exclusively by autophagy
(Kopitz J, et al., 1990). Our data and these observations well fit with our
recent findings demonstrating that E2 via ERB/PTEN axis drives an
impaired autophagy determining seminoma cancer cell death (Guido et
al. 2012).

PPP is an important pathway of glucose catabolism and it is able to
influence several cellular processes, including proliferation, invasion,
drug resistance, and metastasis. In this context, our data showed that E2
via ERB was able to lower the G6PDH activity thus affecting the PPP

rate. The low glycolytic flux as well as the strong blockage of the PPP
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may explain the higher intracellular glucose levels observed during E2
treatment.

Accordingly, our recent study demonstrated that E2/ERB/PTEN, caused
the inhibition PISK/AKT signal (Guido et al. 2012) and AKT is a well-
known stimulator of glycolysis.

Carbon flow derived from pyruvate get into the TCA cycle under the
control of PDH complex. (Mullen AR, et al., 2014). Our data showed
that PDH1 and PDK1 expression were not influenced by E2, as expected
given the decreased production of pyruvate through the glycolytic way.
In normal cell metabolism, pyruvate maintains the tricarboxylic acid
cycle flux. The pyruvate, in cancer cells, can be reduced to lactate and
shuttled out of the cell or transported in mitochondria and oxidized by
the complex the pyruvate dehydrogenase (PDH), which is regulated and
blocked by the pyruvate dehydrogenase kinase (PDK), limiting the
pyruvate conversion into Acetyl-CoA. (Liem Minh Phan et al., 2014;
Kyle S. McCommis and Brian N. Finck, 2015). From our data it emerged
that the refueling of TCA cycle by PDH is limited, however it can also
occur through the a-KGD complex. Therefore, we examined this latter
way since the refill of TCA cycle in cancer cells can rely
disproportionately on glutamine, which enters into the cycle as a-
ketoglutarate via the a-ketoglutarate dehydrogenase (a-KGD) complex
(Deberardinis RJ, et al., 2008). Glutamine, is the most abundant amino
acid in mammals, and it represents an alternative source of energy for
cancer cells, mainly when glycolytic pathways is limited (DeBerardinis
RJ et al., 2007). The conversion of glutamine to a-ketoglutarate occurs
in two different reactions: the first is catalyzed by the glutamate
dehydrogenase (GLUD1). According to our data, given the limited

pyruvate conversion into Acetyl-CoA, we examined first a possible
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alteration of the a-KGD expression. Our results indicated that both a-
KGD and GLUD1 expression were significantly increased, suggesting
that E2 encourages the use of ‘truncated” TCA cycle. Generally, this
effect induces a damaging of mitochondria.

In fact, examining the bioenergetics in our cells, our data showed an
increased expression of AMPK at all the concentration of E2 used and, at
the same time, a slight not significantly increase in ATP production.
Thus, E2 induced an increase of energy demand according with both, the
increased expression of AMPK and with the activation of autophagic
process as we previously demonstrated (Guido et al., 2012).

It appears that both genes are able to alter the respiratory chain
components and this generally creates alteration in the ATP and ROS
production. Deregulation of the complexes of the respiratory chain may
be in agreement with the energetic imbalance as we found. It is known
that ROS levels control cell fate toward life or death. Particularly, low
production of ROS trigger autophagic process, which may induce
cellular death (Panza S. et al., 2017). On the other hand, high levels of
ROS lead to cell death when pro-survival attempt fails. These
observations well fit with our recent study where E2 determined an
increase in ROS production in TCam2 cells by regulating SIRT3 gene
(Panza S. et al., 2017).

The bioenergetics and biosynthetic requirements of cancer cells are also
balanced by regulating the pathways that metabolize fatty acids. In our
study, 10 nM E2 induces a general lipid lowering effect since
triglyceride levels decreased and concomitantly the lipase activity and
the FAO increase.

Recent studies have demonstrated the important contribution of FAO to

tumorigenesis (Camarda R et al., 2016). Fatty acids are an important fuel
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source that allow cells to obtain more ATP than carbohydrates when
required. By increasing FAO cancer cells produce Acetyl CoA, NADH,
and FADH2 in each cycle. This may explain the increase in the ATP
content as we found in our study since the cells try to recovery energy
from the beta-oxidation of fatty acids.

Furthermore, the amplified necessity for cancer cells of biosynthetic
intermediates (Lussey-Lepoutre C. et al.,, 2015) and the use of a
‘truncated' TCA cycle includes the diversion of citrate to cytosolic export
for use in lipid synthesis. Increased fatty acid de novo synthesis has been
linked to poor prognosis in breast cancer (Shurbaji MSet al., 1996).
While not coupled to oxidative phosphorylation, TCA cycle guarantees
the efflux of biosynthetic intermediates for lipid and amino acid
synthesis. Citrate is for instance transferred from the mitochondrial
matrix to the cytosol to be cleaved by ACLY into OAA and Acetyl-CoA.
The latter, may be used for lipid synthesis de novo which is a multiple
step process involving several enzymes such as ACCa and FASN. FASN
elevation is observed in breast, prostate and other types of cancer
(Menendez JA, 2007). ACCu is also very important for tumorigenesis as
inhibition of ACCa stops cancer growth and induces apoptosis of
prostate cancer cells (Brusselmans K et al., 2005). In our finding, E2
reduced ACLY, ACCa and FASN expression inhibiting de novo lipid
synthesis. These data agreed with the idea that AMPK, that was induced
by E2, is a potent inhibitor of fatty acid synthesis in cancer cells
(Mihaylova et al., 2008). In addition, the energy sensor AMPK, activated
by ATP depletion or glucose starvation, has been shown to activate
autophagy (Mihaylova et al., 2008). In agreement with the reduced
content of triglycerides and the increased lipase activity, we showed that
E2 by ERp induced the activity of this enzyme, supporting the idea that
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TCam2 cells are induced by E2 treatment to attempt an energy recovery
by exploiting lipid catabolism. Then, we also examined the FAO by
testing the activity of Acyl-coA dehydrogenase, a key enzyme of -
oxidation. Anyway, energy recovery is insufficient for cell survival, as
shown in our previous study (Guido et al., 2012).

From our previous data, we discovered a molecular and functional link
between E2/ERB and PTEN which was able to induce Tcam2 cell death.
As cell death is closely associated with cell metabolism we evaluated
whether this cross-talk is also able to interfere in the metabolic
reprogramming of our cells. Therefore, in the main key biochemical
pathways examined, we knocked TCamz2 cells for PTEN as well as ER.
Summarizing, the PTEN absence at basal levels showed an increased
expression of PFK1, CIl, CV, CI (in the OXPHOS complex) and of
ACLY, ACCa, FASN expression. On the other side it reduced the
expression of a-KGD and CIV (in the OXPHOS) complex as well as of
lipase and Acyl-CoA dehydrogenase activities. Collectively, PTEN
reduced glycolysis flux, altered some OXPHOS components, reduced
both the production of lipids de novo as well as their catabolism,
addressing a protective effect.

ERp absence increased PFK1 expression, altered CV, Clll, Cl and CIV
complexes (in the OXPHOS), induced ACLY, ACCa, FASN, while it
reduced lipase and Acyl-CoA dehydrogenase activities. Interestingly, it
appears that both genes more strictly interact on lipid metabolism with
respect to glucose metabolism. Altogether, our results confirmed the
onco-suppressor role for both PTEN and ERp in human seminoma since
they are able to interfere in the metabolic reprogramming of our cells

indicating a new mechanism to inhibit tumorigenesis.
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We retain that ERB/PTEN represent an important point of the metabolic
shift in seminoma tumors which influence several aspects of the
metabolic reprogramming, determining a protective effect against

cancer.

CONCLUSION

Concluding these data implicated a decline on TCam2 cell metabolism
which results insufficient for survival. In fact, according to our previous
study the seminoma cells died by autophagy and necroptosis.
Interestingly, the results obtained from this project indicated for the first
time that E2/ERP /PTEN cooperate to interfere in the metabolic

reprogramming of the Human Seminoma cells.

44



REFERENCE

Ana Ortega-Molina Al, Serrano M. 2013. PTEN in cancer,
metabolism, and aging. Trends Endocrinol Metab. 24(4):184-9. doi:
10.1016/j.tem.2012.11.002.

Aquila S, Bonofiglio D, Gentile M, Middea E, Gabriele S, Belmonte
M, Catalano S, Pellegrino M and Ando S. (2006). Peroxisome
proliferator-activated receptor (PPAR)gamma is expressed by human
spermatozoa: Its potential role on the sperm physiology. J Cell Physiol
209: 977-986.

Arico S, Petiot A, Bauvy C, Dubbelhuis PF, Meijer AJ, Codogno P,
Ogier-Denis E. (2001) The tumor suppressor PTEN positively regulates
macroautophagy by inhibiting the phosphatidylinositol 3-kinase/protein
kinase B pathway. Biol Chem. ; 276(38):35243-6.

Barger J.F. and Plas D.R. (2010). Balancing biosynthesis and
bioenergetics: metabolic programs in oncogenesis. Endocr Relat Cancer
17: R287-304.

Behrens D, Gill JH, Fichtner 1. (2007) Loss of tumourigenicity of
stably ERbeta-transfected MCF-7 breast cancer cells. Mol Cell
Endocrinol. ; 274(1-2):19-29.

Biederbick A, Kern HF, Elsasser HP. (1995) Monodansylcadaverine

(MDC) is a specific in vivo marker for autophagic vacuoles. Eur | Cell
Biol. 66(1):3-14.

45


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arico%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Petiot%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bauvy%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dubbelhuis%20PF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Meijer%20AJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Codogno%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ogier-Denis%20E%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Biol%20Chem.');
http://www.ncbi.nlm.nih.gov/pubmed/17597290
http://www.ncbi.nlm.nih.gov/pubmed/17597290
http://www.ncbi.nlm.nih.gov/pubmed/7750517
http://www.ncbi.nlm.nih.gov/pubmed/7750517

Black AR, Black JD, Azizkhan-Clifford J. (2003). Sp1 and kruppel-
like factor family of transcription factors in cell growth regulation and
cancer. J Cell Physiol 188:143-160.

Blume SW, Snyder RC, Ray R, Thomas S, Koller CA, Miller DM.
(1991) Mithramycin inhibits SP1 binding and selectively inhibits
transcriptional activity of the dihydrofolate reductase gene in vitro and in
vivo. J Clin Invest.;88(5):1613-21.

Bonofiglio D, Qi H, Gabriele S, Catalano S, Aquila S, Belmonte M,
Ando S. (2008) Peroxisome proliferator-activated receptor gamma
inhibits follicular and anaplastic thyroid 9 carcinoma cells growth by
upregulating p21Cipl/WAF1 gene in a Spl-dependent 10 manner.
Endocrine-Related Cancer.; 15:545-557. doi: 10.1677/ERC-07-0272.

Brusselmans K, De Schrijver E, Verhoeven G, Swinnen JV. (2005).
RNA interference-mediated silencing of the acetyl-CoA-carboxylase-
alpha gene induces growth inhibition and apoptosis of prostate cancer
cells. Cancer Res.; 65:6719-25. doi:10.1158/0008-14 5472.CAN-05-
0571.

Camarda R, Zhou AY, Kohnz RA, Balakrishnan S, Mahieu C,
Anderton B, Eyob H, Kajimura S, Tward A, Krings G, Nomura
DK, Goga A. (2016). Inhibition of fatty acid oxidation as a therapy for
MY C-overexpressing triple-negative breast cancer. Nat Med.; 22:427-
32. doi: 10.1038/nm.4055.

46


http://www.ncbi.nlm.nih.gov/pubmed/1834700
http://www.ncbi.nlm.nih.gov/pubmed/1834700
http://www.ncbi.nlm.nih.gov/pubmed/1834700

Cantley LC, Neel BG. (1999) New insights into tumor suppression:
PTEN suppresses tumor formation by restraining the phosphoinositide 3-
kinase/AKT pathway. Proc Natl Acad Sci U S A.; 13;96:4240-5.

Carreau S, Bilinska B, Levallet J. (1998) Male germ cells. A new
source of estrogens in the mammalian testis Ann Endocrinol .;59(2):79-
92.

Christos E. Zois et al. (2014). Alterations of metabolic pathways as
therapeutic targets Glycogen metabolism in cancer. Biochem Pharmac.
1;92(1):3-11. doi: 10.1016/j.bcp.2014.09.001.

De Amicis F, Russo A, Avena P, Santoro M, Vivacqua A, Aquila S,
Tramontano D, Fuqua SAW, Ando S. (2013). In vitro mechanism of
action for down-regulation of ERalpha expression by epigallocatechin
gallate in ER+/PR+ human breast cancer cells. Mol Nutr Food Res.;
57:840-53. doi: 10.1002/mnfr.201200560.

De Amicis F, Guido C, Santoro M, Lanzino M, Panza S, Avena P,
Panno ML, Perrotta I, 1 Aquila S, Ando S. (2014). A novel functional
interplay between Progesterone Receptor-B and PTEN, via AKT,
modulates autophagy in breast cancer cells. J Cell Mol Med.; 18:2252-
65. doi: 10.1111/jcmm.12363

De Jong J, Stoop H, Gillis AJ, Hersmus R, van Gurp RJ, van de
Geijn GJ, van Drunen E, Beverloo HB, Schneider DT, Sherlock JK,
Baeten J, Kitazawa S, van Zoelen EJ, van Roozendaal K, Oosterhuis
JW, Looijenga LH. (2008) Further characterization of the first
seminoma cell line TCam-2. Genes Chromosomes Cancer.;47(3):185-96.

47


http://www.ncbi.nlm.nih.gov/pubmed/10200246
http://www.ncbi.nlm.nih.gov/pubmed/10200246
http://www.ncbi.nlm.nih.gov/pubmed/10200246
http://www.ncbi.nlm.nih.gov/pubmed/9789591
http://www.ncbi.nlm.nih.gov/pubmed/9789591
http://www.ncbi.nlm.nih.gov/pubmed/18050305
http://www.ncbi.nlm.nih.gov/pubmed/18050305

Deberardinis RJ, Lum JJ, Hatzivassiliou G, Thompson CB. The
biology of cancer: metabolic reprogramming fuels cell growth and
proliferation. Cell Metab. 2008; 7:11-17 20. doi:
10.1016/j.cmet.2007.10.002).

DeBerardinis RJ, Mancuso A, Daikhin E, Nissim I, Yudkoff M,
Wehrli S, Thompson CB. (2007). Beyond aerobic glycolysis:
transformed cells can engage in glutamine metabolism that exceeds the
requirement for protein and nucleotide synthesis. Proceedings of the
National Academy of Sciences of the United States of America.;
104:19345-17 19350. doi:10.1073/pnas.0709747104.].

Delbes G, Levacher C, Pairault C, Racine C, Duquesne C, Krust A,
Habert R. (2004) ERbeta-mediated inhibition of male germ cell line
development in mice by endogenous estrogens during perinatal life.
Endocrinology; 145:3395-3403.

Downes CP, Ross S, Maccario H, Perera N, Davidson L, Leslie NR.
(2007) Stimulation of Pl 3-kinase signaling via inhibition of the tumor

suppressor phosphatase, PTEN. Adv Enzyme Regul.;47:184-94.

Dupont S, Krust A, Gansmuller A, Dierich A, Chambon P, Mark M.
(2000) Effect of single and compound knockouts of estrogen receptors
alpha (ERalpha) and beta (ERbeta) on mouse reproductive phenotypes.
Development; 127:4277-4291.

Ebling FJ, Brooks AN, Cronin AS, Ford H, Kerr JB. (2000).
Estrogenic induction of spermatogenesis in the hypogonadal mouse.
Endocrinology 141:2861-2869.

48


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Downes%20CP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ross%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maccario%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Perera%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Davidson%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Leslie%20NR%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Adv%20Enzyme%20Regul.');

Eckert D, Nettersheim D, Heukamp LC, Kitazawa S, Biermann K,
Schorle H. (2008). TCam-2 but not JKT-1 cells resemble seminoma in
cell culture. Cell Tissue Res.; 331(2):529-38.

Faulds MH, Zhao C, Dahlman-Wright K, Gustafsson JA. (2012).
The diversity of sex steroid action: regulation of metabolism by estrogen
signaling. J Endocrinol. Jan;212(1):3-12. doi: 10.1530/JOE-11-0044.

Garcia-Cao I, Song MS, Hobbs RM, Laurent G, Giorgi C, de Boer
VC, Anastasiou D, Ito K, Sasaki

AT, Rameh L, Carracedo A, Vander Heiden MG, Cantley LC,
Pinton P, Haigis MC, Pandolfi PP., (2012). Systemic elevation of
PTEN induces a tumor-suppressive metabolic state. Cell. 149(1):49-62.
doi: 10.1016/j.cell.2012.02.030.

Gaskell TL, Robinson LL, Groome NP, Anderson RA, Saunders PT.
(2003). Differential expression of two estrogen receptor beta isoforms in
the human fetal testis during the second trimester of pregnancy. J Clin
Endocrinol Metab.; 88(1):424-32.

Germain M, Affar EB, D'Amours D, Dixit VM, Salvesen GS, Poirier
GG. (1999). Cleavage of automodified poly(ADP-ribose) polymerase
during apoptosis. Evidence for involvement of caspase-7. J Biol Chem.;
1;274(40):28379-84.

Gnoni GV and Paglialonga G. (2009). Resveratrol inhibits fatty acid
and triacylglycerol synthesis in rat hepatocytes. Eur J Clin Invest.;
39:211-218. doi: 10.1111/1.1365-16 2362.2008.02077.

49


http://www.ncbi.nlm.nih.gov/pubmed/18008088
http://www.ncbi.nlm.nih.gov/pubmed/18008088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Faulds%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=21511884
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21511884
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dahlman-Wright%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21511884
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gustafsson%20J%C3%85%5BAuthor%5D&cauthor=true&cauthor_uid=21511884
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gaskell%20TL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Robinson%20LL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Groome%20NP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Anderson%20RA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Saunders%20PT%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Clin%20Endocrinol%20Metab.');
javascript:AL_get(this,%20'jour',%20'J%20Clin%20Endocrinol%20Metab.');
http://www.ncbi.nlm.nih.gov/pubmed/10497198
http://www.ncbi.nlm.nih.gov/pubmed/10497198

Golstein P, Aubry L, Levraud JP. (2003). Cell-death alternative model
organisms: why and which? Nat Rev Mol Cell Biol. ;4(10):798-807.

Gozuacik D & Kimchi A. (2004). Autophagy as a cell death and tumor

suppressor mechanism. Oncogene 23, 2891-2906.

Guido C, Panza S, Santoro M, Avena P, Panno ML, Perrotta
I,Giordano F, Casaburi I, Catalano S, De Amicis F, et al:, (2012).
Estrogen receptor beta (ERP) produces autophagy and necroptosis in
human seminoma cell line through the binding of the Spl on the
phosphatase and tensin homolog deleted from chromosome 10 (PTEN)
promoter gene. Cell Cycle 11: 2911-2921.

Guido C, Perrotta I, Panza S, Middea E, Avena P, Santoro M,
Marsico S, Imbrogno P, Ando S and Aquila S. (2011). Human sperm
physiology: Estrogen receptor alpha (ERa) and estrogen receptor beta
(ERB) influence sperm metabolism and may be involved in the
pathophysiology of varicocele-associated male infertility. J Cell Physiol
226: 3403-3412.

Haas-Kogan D, Shalev N, Wong M, Mills G, Yount G, Stokoe D.
(1998). Protein kinase B (PKB/AKkt) activity is elevated in glioblastoma
cells due to mutation of the tumor suppressor PTEN/MMAC. Curr Biol.
22;8(21):1195-8.

Han B, Dong Z, Liu Y, Chen Q, Hashimoto K, Zhang JT. (2003).
Regulation of constitutive expression of mouse PTEN by the5’-

untranslated region. Oncogene; 22: 5325-5337.

50


http://www.ncbi.nlm.nih.gov/pubmed/14570057
http://www.ncbi.nlm.nih.gov/pubmed/14570057
http://www.ncbi.nlm.nih.gov/pubmed/9799739
http://www.ncbi.nlm.nih.gov/pubmed/9799739

Hess RA, Bunick D, Lee KH, Bahr J, Taylor JA, Korach KS,
Lubahn DB. (1997) A role for oestrogens in the male reproductive
system. Nature.; 390(6659):509-12.

Hitomi J, Christofferson DE, Ng A, Yao J, Degterev A, Xavier RJ,
Yuan J. (2008). Identification of a molecular signaling network that

regulates a cellular necrotic cell death pathway. Cell. ;135(7):1311-23.

Jia Luo. (2009) Glycogen synthase kinase 3b (GSK3b) in tumorigenesis
and cancer chemotherapy. Cancer Letter. 273(2):194-200. doi:
10.1016/j.canlet.2008.05.045.

Jose C, Bellance N, Rossignol R. (2011). Choosing between glycolysis
and oxidative phosphorylation: a tumor’s dilemma? Biochim Biophys
Acta.. 1807:552-561. doi: 7 10.1016/j.bbabio.2010.10.012.

Juan Liu and Zhaohui Feng. (2012). PTEN energy metabolism and
tumor suppression. Acta Biochim Biophys Sin; 44(8):629-31. doi:
10.1093/abbs/gms048.

Kaufmann SH, Desnoyers S, Ottaviano Y, Davidson NE, Poirier GG.
(1993). Specific proteolytic cleavage of poly(ADP-ribose) polymerase:
an early marker of chemotherapy-induced apoptosis. Cancer
Res.;53(17):3976-85.

Kimura T, Suzuki A, Fujita Y, Yomogida K, Lomeli H, Asada N,
Ikeuchi M, Nagy A, Mak TW, Nakano T (2003). Conditional loss of

o1


http://www.ncbi.nlm.nih.gov/pubmed/9393999
http://www.ncbi.nlm.nih.gov/pubmed/9393999
http://www.ncbi.nlm.nih.gov/pubmed/19109899
http://www.ncbi.nlm.nih.gov/pubmed/19109899
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kaufmann%20SH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Desnoyers%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ottaviano%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Davidson%20NE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Poirier%20GG%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Cancer%20Res.');
javascript:AL_get(this,%20'jour',%20'Cancer%20Res.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kimura%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Suzuki%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fujita%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yomogida%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lomeli%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Asada%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ikeuchi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nagy%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mak%20TW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakano%20T%22%5BAuthor%5D

PTEN leads to testicular teratoma and enhances embryonic germ cell
production. Development.;130(8):1691-700.

Klionsky DJ et al., (2008) Guidelines for the use and interpretation of
assays for monitoring  autophagy in  higher  eukaryotes.
Autophagy.;4(2):151-75.

Kopitz J, Kisen GO, Gordon PB, Bohley P, Seglen PO. (1990).
Nonselective autophagy of  cytosolic enzymes by isolated rat
hepatocytes. J Cell Biol.; 111:941-53. doi: 16 10.1083/jcb.111.3.941.

Kroemer G & Jaattela M. (2005). Lysosomes and autophagy in cell
death control. Nat Rev Cancer; 5, 886-897.

Kyle S. McCommis and Brian N. Finck. (2015). Mitochondrial
pyruvate transport: a historical perspective and future research
directions; Biochem J. 466(3):443-54. doi: 10.1042/BJ20141171.

Liang H, He S, Yang J, Jia X, Wang P, Chen X, Zhang Z, Zou X,
McNutt MA, Shen WH, Yin Y. (2014). PTENa, a PTEN isoform
translated through alternative initiation, regulates mitochondrial function
and energy metabolism. Cell Metab. ;19(5):836-48. doi:
10.1016/j.cmet.2014.03.023.

Liang, H., Chen, X,, Yin, Q., Ruan, D., Zhao, X., Zhang, C., Michael
A., McNutt and Yin, Y. (2017). PTEN( is an alternatively translated
isoform of PTEN that regulates rDNA transcription. Nature
Communications, 8, 1-14. https://doi.org/10.1038/ncomms14771.

52


javascript:AL_get(this,%20'jour',%20'Development.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Klionsky%20DJ%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Autophagy.');
https://www.ncbi.nlm.nih.gov/pubmed/24768297
https://www.ncbi.nlm.nih.gov/pubmed/24768297
https://www.ncbi.nlm.nih.gov/pubmed/24768297
https://doi.org/10.1038/ncomms14771

Lehman TC, Hale DE, Bhala A, Thorpe C. (1990). An acyl-coenzyme
A dehydrogenase assay utilizing the ferricenium ion. Anal Biochem.;
186:280-284. 22 https://doi.org/10.1016/0003-2697(90)90080-S.

Leslie NR, Downes CP. (2002). PTEN: The down side of Pl 3-kinase
signaling. Cell Signal.; 14:285-95.

Li H, Papadopoulos V, Vidic B, Dym M, CultyM. (1997). Regulation
of rat testis gonocyte proliferation by platelet-derived growth factor and

estradiol:  identification of signaling mechanisms involved.
Endocrinology; 138:1289-1298.

Liem Minh Phan et al. (2014). Cancer metabolic reprogramming:
importance, main features, and potentials for precise targeted anti-cancer

therapies. Cancer Biol Med. 11(1):1-19. doi: 10.7497/j.issn.2095-
3941.2014.01.001.

Lussey-Lepoutre C, Hollinshead KE, Ludwig C, Menara M, Morin
A, Castro-Vega LJ, Parker SJ, Janin M, Martinelli C, Ottolenghi C,
Metallo C, Gimenez-Roqueplo AP, Favier J, Tennant DA. Tennant.
(2015). Loss of succinate dehydrogenase activity results in dependency
on pyruvate carboxylation for cellular anabolism. Nat Commun. 1
6:8784. doi: 10.1038/ncomms9784.

Madeline B, McKay RA, Popoff 1J, Gaarde WA, Witchell D,
Murray SF, Dean NM, Bhanot S, Monia BP. (2002). Specific
inhibition of PTEN expression reverses hyperglycemia in diabetic mice.
Diabetes. Apr;51(4):1028-34.

53


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Leslie%20NR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Downes%20CP%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Cell%20Signal.');

Maehama T, Dixon JE. (1999). PTEN: a tumour suppressor that
functions as a phospholipid phosphatase. Trends Cell Biol.;9(4):125-8.

Maehama T, Taylor GS, Dixon JE. (2001) PTEN and
myotubularin:novel phosphoinositide phosphatases. Annu Rev Biochem;
70: 247-279.

Maékinen S, Makeld S, Weihua Z, Warner M, Rosenlund B, Salmi S,
Hovatta O, Gustafsson JA. (2001). Localization of oestrogen receptors
alpha and beta in human testis. Mol Hum Reprod.; 7(6):497-503.

Mathew R, Karantza-Wadsworth V , White E. (2007) Role of
autophagy in cancer. Nat Rev Cancer 7, 961-967.

Menendez JA, Lupu R. (2007). Fatty acid synthase and the lipogenic
phenotype in cancer pathogenesis. Nat Rev Cancer.; 7:763-77.
DOI:10.1038/nrc2222.

Mizuno Y, Gotoh A, Kamidono S, Kitazawa S. (1993) Establishment
and characterization of a new human testicular germ cell tumor cell line
(TCam2) Nippon Hinyokika Gakkai Zasshi.;84(7):1211-8.

Moe-Behrens GH, Klinger FG, Eskild W, Grotmol T, Haugen TB,
De Felici M. (2003). Akt/PTEN signaling mediates estrogen-dependent
proliferation of  primordial germ cells in vitro. Mol
Endocrinol.;17(12):2630-8.

Mihaylova MM and Shaw RJ. (2008). The AMPK signalling pathway
coordinates cell growth, autophagy and metabolism. Nat Cell Biol. 2011;

54


http://www.ncbi.nlm.nih.gov/pubmed/10203785
http://www.ncbi.nlm.nih.gov/pubmed/10203785
http://www.ncbi.nlm.nih.gov/pubmed/11385105
http://www.ncbi.nlm.nih.gov/pubmed/11385105
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mizuno%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gotoh%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kamidono%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kitazawa%20S%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Nippon%20Hinyokika%20Gakkai%20Zasshi.');
http://www.ncbi.nlm.nih.gov/pubmed/14525951
http://www.ncbi.nlm.nih.gov/pubmed/14525951

13:1016-1023. doi: 10.1038/nch2329. 17 S.P. Hsu, P.Y. Ho, S.H. Juan,
Y.C. Liang, W.S. Lee. Progesterone inhibits human 18 endothelial cell
proliferation through a p53-dependent pathway. Cell Mol Life Sci.; 19
65:3839-3850. doi: 10.1007/s00018-008-8441-3.

Mullen AR, Hu Z, Shi X, Jiang L, Boroughs LK, Kovacs Z, Boriack
R, Rakheja D, Sullivan LB, Linehan WM, Chandel NS,
DeBerardinis RJ. (2014). Oxidation of alpha- ketoglutarate is required
for reductive carboxylation in cancer cells with mitochondrial defects.
Cell Rep.; 7:1679-1690. doi: 10.1016/j.celrep.2014.04.037.

Oosterhuis JW, Looijenga LH. (2005) Testicular germ-cell tumours in
a broader perspective. Nat Rev Cancer.;5(3):210-22.

Panno ML, Giordano F, Palma MG, Bartella V, Rago V, Maggiolini
M, Sisci D, Lanzino M, De Amicis F and Ando S. (2009). Evidence
that bergapten, independently of its photoactivation, enhances p53 gene
expression and induces apoptosis in human breast cancer cells. Curr
Cancer Drug Targets 9: 469-481.

Panteghini M, Bonora R and Pagani F. (2001). Measurement of
pancreatic lipase activity in serum by a kinetic colorimetric assay using a

new chromogenic substrate. Ann Clin Biochem 38: 365-370.

Panza S, Santoro M, De Amicis F, Morelli C, Passarelli V, D'Aquila
P, Giordano F, Cione E, Passarino G, Bellizzi D, Aquila S. (2017).
Estradiol via estrogen receptor beta influences ROS levels through the

transcriptional regulation of SIRT3 in human seminoma TCam-2 cells.

55


http://www.ncbi.nlm.nih.gov/pubmed/15738984
http://www.ncbi.nlm.nih.gov/pubmed/15738984
https://www.ncbi.nlm.nih.gov/pubmed/28459202
https://www.ncbi.nlm.nih.gov/pubmed/28459202

Tumour Biol. (5):1010428317701642. doi: 10.1177/1010428317701642.

Paruthiyil S, Parmar H, Kerekatte V, Cunha GR, Firestone GL,
Leitman DC. (2004) Estrogen receptor beta inhibits human breast
cancer cell proliferation and tumor formation by causing a G2 cell cycle
arrest. Cancer Res. 1;64(1):423-8.

Pingitore A, Cione E, Senatore V and Genchi G. (2009). Adrenal
glands and testes as steroidogenic tissue are affected by retinoylation

reaction. J Bioenerg Biomembr 41: 215-221.

Pingitore A, Cione E, Senatore V and Genchi G. (2009). Adrenal
glands and testes as steroidogenic tissue are affected by retinoylation

reaction. J Bioenerg Biomembr 41: 215-221.

Pingdong Li Wang, DanniLi, HaiyangYu, ZhenkunChen,
XiaohongFang, Jugao. Identification Of Nucleolus-Localized Pten And

Its Function In Regulating Ribosome Biogenesis. Mol Bio Rep 2014.

Pinton G, Brunelli E, Murer B, Puntoni R, Puntoni M, Fennell DA,
Gaudino G, Mutti L, Moro L. (2009) Estrogen receptor-beta affects the
prognosis of human malignant mesothelioma. Cancer Res.
1;69(11):4598-604.

Qiu W, Federico L, Naples M, Avramoglu RK, Meshkani R, Zhang
J, Tsai J, Hussain M, Dai K, Igbal J, Kontos CD, Horie Y, Suzuki A,
Adeli K. (2008). Phosphatase and tensin homolog (PTEN) regulates
hepatic lipogenesis, microsomal triglyceride transfer protein, and the

56


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Paruthiyil%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Parmar%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kerekatte%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cunha%20GR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Firestone%20GL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Leitman%20DC%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Cancer%20Res.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pinton%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brunelli%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Murer%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Puntoni%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Puntoni%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fennell%20DA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gaudino%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mutti%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moro%20L%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Cancer%20Res.');

secretion of apolipoprotein B-containing lipoproteins. Hepatology.
Dec;48(6):1799-809. doi: 10.1002/hep.22565.

Reinecke F, Smeitink JA, Van der Westhuizen FH. OXPHOS gene
expression and control in mitochondrial disorders. Biochim Biophys
Acta. 1792 (12):1113-21. doi: 10.1016/j.bbadis.2009.04.003. 20009.

Roger C, Lambard S, Bouskine A, Mograbi B, Chevallier D, Nebout
M,Pointis G, Carreau S, Fenichel P. (2005) Estrogen-induced growth
inhibition of human seminoma cells expressing estrogen receptor beta
and aromatase. J Mol Endocrinol ;35:191-199.

Saifer A and Gerstenfeld S. (1958). The photometric
microdetermination of blood glucose with glucose oxidase. J Lab Clin
Med 51:448-460.

Salvesen HB, MacDonald N, Ryan A, Jacobs 1J, Lynch ED, Akslen
LA, Das S. (2001) PTEN methylation is associated with advanced stage
and microsatellite instability in endometrial carcinoma. Int J Cancer.;
91(1):22-6.

Santoro M, Guido C, De Amicis F, Sisci D, Cione E, Dolce V, Panno
ML and Aquila S. (2016) Bergapten induces metabolic reprogramming
in  breast cancer cells. Oncology reports.; 35:568-76. doi:
0.3892/0r.2015.4327.

Sharpe RM. 1998 The roles of oestrogen in the male. Trends Endocrinol
Metab. ;9(9):371-7.

57


http://www.ncbi.nlm.nih.gov/pubmed/11149415
http://www.ncbi.nlm.nih.gov/pubmed/11149415
http://www.ncbi.nlm.nih.gov/pubmed/18406308

Shurbaji  MS, Kalbfleisch JH, Thurmond TS. (2001)
Immunohistochemical detection of a fatty acid synthase (OA-519) as a
predictor of progression of prostate cancer. Hum Pathol. 4 1996; 27:917-
921.

Simpson L, Parsons R. PTEN: life as a tumor suppressor. Exp Cell Res;
264: 29-41.

Skakkebaek NE (1972) Possible carcinoma-in-situ of the testis. Lancet ;
2(7776):516-7.

Slavov N, Budnik B, Schwab D, Airoldi E, Van Oudenaarden A.
(2014).Constant growth rate can be supported by decreasing energy flux

and increasing aerobic glycolysis. Cell Rep.

Smolkova K, Plecita-Hlavata L, Bellance N, Benard G, Rossignol R
and Jezek P: Waves of gene regulation suppress and then restore
oxidative phosphorylation in cancer cells. Int J Biochem Cell Biol 43:
950-968, 2011.

Speirs V, Malone C, Walton DS, Kerin MJ, Atkin SL. (1999)
Increased expression of estrogen receptor beta mRNA in tamoxifen-

resistant breast cancer patients. Cancer Res. 1;59(21):5421-4.

Speirs V, Parkes AT, Kerin MJ, Walton DS, Carleton PJ, Fox JN,
Atkin SL. (1999) Coexpression of estrogen receptor alpha and beta:
poor prognostic factors in human breast cancer? Cancer Res.
1;59(3):525-8.

58


http://www.ncbi.nlm.nih.gov/pubmed/4115573
http://www.ncbi.nlm.nih.gov/pubmed/10554009
http://www.ncbi.nlm.nih.gov/pubmed/10554009
http://www.ncbi.nlm.nih.gov/pubmed/9973193
http://www.ncbi.nlm.nih.gov/pubmed/9973193

Stambolic V, MacPherson D, Sas D, Lin Y, Snow B, Jang
Y,Benchimol S, Mak TW. (2001) Regulation of PTEN transcription
byp53. Mol Cell; 8: 317-325.

Stambolic V, Suzuki A, de la Pompa JL, Brothers GM, Mirtsos C,
Sasaki T, Ruland J, Penninger JM, Siderovski DP, Mak TW. (1998)
Negative regulation of PKB/Akt-dependent cell survival by the tumor
suppressor PTEN. Cell. 2;95(1):29-39.

Stiles B, Groszer M, Wang S, Jiao J, Wu H. (2004) PTEN less means
more. Dev Biol. ;273(2):175-84.

Strom A, Hartman J, Foster JS, Kietz S, Wimalasena J, Gustafsson
JA. (2004) Estrogen receptor beta inhibits 17beta-estradiol-stimulated
proliferation of the breast cancer cell line T47D. Proc Natl Acad Sci U S
A.;101(6):1566-71.

Tewari M, Quan LT, O'Rourke K, Desnoyers S, Zeng Z, Beidler
DR, Poirier GG, Salvesen GS. (1995) VMYama/CPP32 beta, a
mammalian homolog of CED-3, is a CrmA-inhibitable protease that
cleaves the death substrate poly(ADP-ribose) polymerase. Cell.
:81(5):801-9.

Tora, L., Mullick, A., Metger, D., Ponglikitmongkol, M., Park, 1.,
and Chambon, P. (1989) The cloned human oestrogen receptor contains
a mutation which alters its hormone binding properties EMBO J.; 8:
1981-1986.

Waite KA, Eng C. (2002) Protean PTEN: form and function. Am J Hum
Genet; 70: 829-844.

59


http://www.ncbi.nlm.nih.gov/pubmed/9778245
http://www.ncbi.nlm.nih.gov/pubmed/9778245
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stiles%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Groszer%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jiao%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wu%20H%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Dev%20Biol.');
http://www.ncbi.nlm.nih.gov/pubmed/14745018
http://www.ncbi.nlm.nih.gov/pubmed/14745018
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tewari%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Quan%20LT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22O'Rourke%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Desnoyers%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zeng%20Z%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Beidler%20DR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Beidler%20DR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Poirier%20GG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Salvesen%20GS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dixit%20VM%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Cell.');

Wang H, Yu SW, Koh DW, Lew J, Coombs C, Bowers W, Federoff
HJ, Poirier GG, Dawson TM, Dawson VL. (2004) Apoptosis-inducing
factor substitutes for caspase executioners in NMDA-triggered
excitotoxic neuronal death. J Neurosci.;24(48):10963-73.

Williams C, Edvardsson K, Lewandowski SA, Strom A, Gustafsson
JA. (2008). A genome-wide study of the repressive effects of estrogen
receptor beta on estrogen receptor alpha signaling in breast cancer cells.
Oncogene. 7;27(7):1019-32.

Valcarcel-Jimenez L, Gaude E, Torrano V, Frezza C, Carracedo A.
(2017). Mitochondrial ~ Metabolism: Yin and Yang for Tumor
Progression. Trends Endocrinol Metab.; 10 28:748-757. doi:
10.1016/j.tem.2017.06.004.

Zhang F and Du G: Dysregulated lipid metabolism in cancer. World J
Biol Chem. 2012; 19 3:167-174. doi: 10.4331/wjbc.v3.i8.167.

60


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yu%20SW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Koh%20DW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lew%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Coombs%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bowers%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Federoff%20HJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Federoff%20HJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Poirier%20GG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dawson%20TM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dawson%20VL%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Neurosci.');
http://www.ncbi.nlm.nih.gov/pubmed/17700529
http://www.ncbi.nlm.nih.gov/pubmed/17700529

MEDAGLIONE

PRESENTAZIONE AL COLLEGIO DEI DOCENTI DELLA DOTT.SSA DANIELA DE
ROSE PER IL CONSEGUIMENTO DEL TITOLO DI “DOTTORE DI RICERCA IN
MEDICINA TRASLAZIONALE” XXXI CICLO

La Dott.ssa Daniela De Rose ha frequentato assiduamente il laboratorio di Biologia della
Riproduzione ed Anatomia Umana durante i tre anni del corso di Dottorato in Medicina Traslazionale
XXXI ciclo. La dottoranda si & interessata allo studio dei meccanismi molecolari coinvolti
nell’acquisizione della capacita fecondante del gamete maschile umano, e nello sviluppo e
progressione delle cellule di tumore mammario e testicolare. Inoltre, la Dott.ssa De Rose ha
frequentato i prestigiosi laboratori del prof. Fabio Piano presso la New York University dove ha
trascorso 6 mesi del suo ultimo anno di dottorato.

In particolare il suo progetto di dottorato & stato incentrato sullo studio di un possibile ruolo del link
E2/ERB/PTEN nella riprogrammazione metabolica delle cellule TCAM2 di seminoma umano (SE).
In un nostro precedente studio abbiamo evidenziato un link tra ERP/PTEN che induceva la morte di
tali cellule mediante autofagia e necroptosi (Guido C. et al. 2012). Morte cellulare e metabolismo
energetico sono strettamente correlati, pertanto abbiamo ipotizzato che il signalling E2/ERB/PTEN
potesse indurre una alterazione nella riprogrammazione metabolica nelle cellule di SE. Recentemente,
il metabolismo energetico ¢ considerato un obiettivo innovativo nelle terapie antitumorali, in quanto
le alterazioni metaboliche sono una caratteristica comune dei tessuti cancerosi. Il fenotipo metabolico
maggiormente caratterizzante e per prima osservato nelle cellule cancerose ¢ quello conosciuto come
effetto Warburg, che prevede la produzione di ATP attraverso la glicolisi invece che attraverso la
fosforilazione ossidativa, anche in presenza di normali concentrazioni di ossigeno (Barger JF et al.
2010). Tuttavia, la riprogrammazione metabolica nei tumori si estende oltre l'effetto Warburg. In
effetti, la teoria classica sul metabolismo delle cellule tumorali (aumento dell'attivita glicolitica e
down-regolazione della fosforilazione ossidativa) ¢ ancora oggetto di indagini in quanto numerosi
studi hanno dimostrato che le cellule tumorali possono vivere in un ampio spettro di stati bioenergetici
che variano dalla predominanza del fenotipo glicolitico, glicolitico parzialmente ossidativo, fino a
quello prevalentemente fosforilativo (Smolkova K et al. 2011). La strategia terapeutica focalizzata sul
metabolismo del tumore richiede una visione totale di questo processo in quanto non € coinvolta una
singola alterazione di una determinata via metabolica ma l'intero metabolismo energetico che lavora
su un modello fortemente modificato rispetto a quello delle cellule normali.

Sulla base di tali osservazioni, la Dott.ssa De Rose ha focalizzato la sua attivita di ricerca sul signalling
E2/ERB/PTEN in cellule di SE valutando ed esaminando le principali vie metaboliche cellulari. La
dott.ssa De Rose ha adottato un duplice approccio sperimentale:



- in vitro, utilizzando come modello sperimentale le cellule TCAM2, ad oggi I’unica linea cellulare al
mondo ampiamente caratterizzata e comprendente tutte le caratteristiche del seminoma umano.

- in vivo, attraverso I’utilizzo di colture del nematode C. elegans messe a disposizione dai laboratori
del prof. Fabio Piano presso la New York University dove la dott.ssa De Rose ha trascorso 6 mesi del
suo ultimo anno di dottorato.

Gli studi sono stati effettuati attraverso I’utilizzo di metodiche quali Western Blotting, saggi di
trasfezione transiente, saggi di attivita enzimatiche. I risultati ottenuti hanno evidenziato come I’E2,
attraverso il legame con il suo recettore e I’interazione con I’oncosoppressore PTEN, sia in grado di
alterare la riprogrammazione metabolica delle cellule di SE umano, definendo in questo modo un
nuovo ruolo dell’ERB e di PTEN come oncosoppressori.

Tali dati indicano che I’ERP potrebbe essere considerato come target terapeutico promettente da
adoperare nella lotta al Seminoma, portando dunque una rilevanza di tipo traslazionale al lavoro svolto
dalla candidata.

La Dott.ssa De Rose ¢ stata in grado di svolgere autonomamente la sua attivita di ricerca, sempre con
grande senso di responsabilita, dedizione e diligenza.

L’orientamento all’ottenimento del risultato e la sua motivazione ’hanno condotta ad uno studio
costante ed allo sviluppo di un forte senso critico anche nell’interpretazione della letteratura e dei
risultati stessi.

Si esprime pertanto, giudizio ampiamente positivo sull’attivita di ricerca svolta dalla Dott.ssa De Rose
durante lo svolgimento del triennio di dottorato.

I coordinatgre del Dottorato Il Tutor
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TITOLI
Tutor didattico

Febbraio 2017-Febbraio2018 ha svolto attivita di tutoraggio didattico per il corso di Anatomia Umana
presso il Dipartimento di Farmacia e Scienze della Salute e della Nutrizione.

PUBLICATIONS
2018- Full text

Malivindi R, Rago V, De Rose D, Gervasi MC, Cione E, Russo G, Santoro M, Aquila S. Influence
of all-trans Retinoic Acid on sperm metabolism and oxidative stress: its involvement in the

physiopathology of varicocele-associated male infertility. J Cell Physiol. 2018 Jun 26. doi:
10.1002/jcp.26872.

2018- Full text

Malivindi R, Santoro M, De Rose D, Panza S, Gervasi S, Rago V, Aquila S. Activated-Farnesoid X
Recéptor (FXR) expressed in human sperm alters its fertilizing ability. Reproduction. 2018 Jun 19.
pii: REP-18-0203. doi: 10.1530/REP-18-0203.

2018- Full text in revision on Breast Cancer Research and Treatment

Santoro Marta, De Rose Daniela, Cione Erika, Sisci Diego, De Amicis Francesca and Aquila Saveria.
Progesterone Receptor B disrupts the metabolic reprogramming in breast cancer cell lines through a
possible crosstalk with p53.

ABSTRACTS

2018-Abstract pubblicato su atti del congresso

Daniela De Rose, Salvatore Panza, Marta Santoro, Vittoria Rago, Rocco Malivindi and Saveria
Aquila. Ligand activated Estrogen Receptor Beta disrupts metabolic reprogramming in human
seminoma TCam-2 cells. 34° Congresso Nazionale SIPMeT, Catania, 23-25 ottobre 2018.

2018-Abstract pubblicato su atti del congresso

Santoro Marta, De Rose Daniela, De Amicis Francesca, Vittoria Rago, Rocco Malivindi and Aquila
Saveria. A crosstalk between Progesterone Receptor B and p53 alters the metabolic reprogramming
in breast cancer cell lines. 34° Congresso Nazionale SIPMeT, Catania, 23-25 ottobre 2018.

2018-Abstract su rivista pubblicato su atti del congresso

M. Santoro, V. Rago, R. Malivindi, D. De Rose, G. D’ Agata, F.I. Montalto, S. Aquila Involvement of
Retinoic Acid Receptor a and of all-trans Retinoic Acid in the physiopathology of varicocele-
associated male infertility: their action on human sperm metabolism. Congresso internazionale. 10™
European Congress of Andrology, 11-13 october — Budapest, Hungary.



2018-Abstract su rivista

M. Santoro, R. Malivindi, V. Rago, D. De Rose, R. D’Agata, G. Peluso, G. Russo, F. De Amicis, S.
Aquila. The SOD1, SOD2 and GSTO?2 are active and expressed in human sperm: their involvement
in the physiopathology of varicocele-associated male infertility. 72° CONGRESSO NAZIONALE
SIAIL Parma dal 20 al 22 SETTEMBRE 2018. Pubblicato su Italian Journal of Human anatomy and
embryology.

2017-Abstract su rivista

Daniela De Rose, Vittoria Rago, Rocco Malivindi, Maria Clelia Gervasi, Marta Santoro and Saveria
Aquila. The follicle-stimulating hormone receptor (FSHR) is expressed in human sperm and it may
be considered as molecular marker of the detrimental effects related to the physiopathology of
testicular varicocele. CONGRESSO NAZIONALE SIAI Taormina dal 20 al 22 SETTEMBRE
2017. Presentazione Poster. Pubblicato su Italian Journal of Human anatomy and embryology.

2017-Abstract su rivista

Rocco Malivindi, Daniela De Rose, Marta Santoro, Serena Gervasi, Vittoria Rago and Saveria
Aquila. FSHR a promising novel target for cancer diagnosis in seminoma and embryonal carcinoma.
71° CONGRESSO NAZIONALE SIAI, Taormina dal 20 al 22 SETTEMBRE 2017. Pubblicato su
[talian Journal of Human anatomy and embryology.

2016- Abstract su rivista

V. Passarelli, D. De Rose, M. Santoro and S. Aquila (2016). The reduced content of Estrogen and
Progesterone receptors in varicocele sperm may be indicative of the clinical surgery in the testicular
varicocele. 70° Convegno nazionale S.ILA.I. (SOCIETA’ ITALIANA DI ANATOMIA E
ISTOLOGIA), Roma, Universita Cattolica Sacro Cuore, Presentazione Poster 15-17 SETTEMBRE
2016. Pubblicato su Italian Journal of Anatomy and Embryology.

ORAL PRESENTATION

2016 Evaluation and comparison of energy metabolism in MCF7, estrogen-responsive breast cancer
cells and tamoxifen-resistant MCF7-TR1 cells: regulating action of signaling PR-B / PTEN. XI
Conference Foundation “Lilli Funaro”, Cosenza 6-7 March 2016.

2017 Preliminary results on “Evaluation and comparison of energy metabolism in MCF7, estrogen-
responsive breast cancer cells and tamoxifen-resistant MCF7-TR1 cells: regulating action of signaling
PR-B / PTEN”. XII Conference Foundation “Lilli Funaro”, Cosenza 4-5 March 2017.

2018 Ligand-activated Estrogen Receptor Beta disrupts metabolic reprogramming in human
seminoma TCAM-2 cells. 34° Congresso Nazionale SIPMeT, Catania, 23-25 ottobre 2018.



AWARDS

2016- Recipient of 1 Training Award, Conference Foundation “Lilli Funaro”, Cosenza 6-7 March
2015

2017- Recipient of 1 Training Award, Conference Foundation “Lilli Funaro”, Cosenza 17 JULY 2017

2017- Recipient of 1 economic contribution by MIUR (5x1000 founds) for an international exchange
program carried out for 6 months at Center for Genomics and Systems Biology, Department of
Biology, New York University (New York, U.S.A.).

SEMINARI E WORKSHOP

“Novel strategies of translational medicine in oncology” University of Calabria-Arcavacata di
Rende (CS), Italy. July 11-13th, 2018.

“Capacita sequestrante di leganti naturali nei confronti di metalli biodisponibili” prof. Furia
University of Calabria-Arcavacata di Rende (CS), Italy. July 12nd-14th, 2017.

“Corso di Metabolomica”, prof. Beeduci University of Calabria-Arcavacata di Rende (CS), Italy.
June 22nd, 2017.

Antioxidant Reaction Mechanisms and Oxidative Stress”. Dr. Gloria Mazzone; University of
Calabria-Arcavacata di Rende (CS), Italy. June 27-28th, 2017.

Conditional targeted somatic mutagenesis in the mouse”. Prof. Daniel Metzger; University of
Calabria-Arcavacata di Rende (CS), Italy. June 12th, 2017.

Recent Advances Towards Personalized Chemotherapy”. Prof. Tamer Shoeib; University of
Calabria-Arcavacata di Rende (CS), Italy. May 4th, 2017.

“Corso di Informatica/Statistica”. Ing. Tagarelli; University of Calabria-Arcavacata di Rende (CS),
[taly. April 19th-May 17th, 2017.

Una Vita in 3D. Universita della Calabria , Arcavacata di Rende (CS), Italy July 10 th, 2017.
“English course”. Dr. Franca Plastina; University of Calabria-Arcavacata di Rende (CS), Italy.
February 22th-March 15th, 2017.

“The Many Faces Of Brain Aromatase”. Prof. Roselli, University of Calabria-Arcavacata di Rende
(CS), Italy. February 21th 2017.

“Farmaci Liquido-Cristallini”. Prof. Fiore Nicoletta; University of Calabria-Arcavacata di Rende
(CS), Italy. Jennuary 19th-February 13th, 2017.

“Principles and Applications of Photodynamic Therapy”. Dr. Marta E. Alberto; University of
Calabria-Arcavacata di Rende (CS), Italy. November 23-24th, 2016.



“Nutraceutici: effetti epigenetici e metabolici”. University of Calabria-Arcavacata di Rende (CS),
Italy. October 21th, 2016.

“How to prevent dyslipidaemia without causing hepatic steatosis or ketosis”. Prof. Victor Zammit;
University of Calabria-Arcavacata di Rende (CS), Italy. June 15th, 2016.

“The Pt(IV) derivatives as antitumor prodrugs. Comparison with cisplatin”. Prof. Domenico
Osella; University of Calabria-Arcavacata di Rende (CS), Italy. March 3th, 2016.

“Effective models for complex materials” Prof. Michele Pavone, University of Calabria-Arcavacata
di Rende (CS), Italy. March 1th, 2016.

“NMR for organic and biological chemistry: Old experiments for new applications”. Dr. Ignacio
Delso Hernandez; University of Calabria, Arcavacata di Rende (CS), Italy. November 23th-
December 3th, 2015. .

Applicazione degli Studi di Fotodegradazione in Quality Assurance e Drug Design”. Dott.ssa
Giuseppina Ioele; University of Calabria, Arcavacata di Rende (CS), Italy. September 20-21th,
2016.

“Giornata di studio: Nutraceutici , effetti epigenetici e metabolici. University of Calabria-
Arcavacatadi Rende (CS), Italy. October 21th, 2016

“DoniAMO” University of Calabria-Arcavacata di Rende (CS), Italy. April 21th, 2016

“ Dottorato in Medicina Traslazionale, Risultati e prospettive del primo ciclo formativo” .
University of Calabria, Arcavacata di Rende (CS), Italy. November 11th, 2016.

“Salute e sicurezza sui luoghi di lavoro”, Prof. Runco, University of Calabria-Arcavacata di Rende
(CS), Italy. September 6 th and 9th, 2016.



