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Induzione di oncogeni
Silenziamento di oncosoppressori
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1. In cosa consiste la riprogrammazione del metabolismo LIPIDICO nel cancro?

2. Quali vantaggi selettivi conferisce alle cellule tumorali?

3. Come possono essere sfruttate queste conoscenze ai fini terapeutici?

• Sintesi de novo dei FA
• Attivazione della via biosintetica del mevalonato
• Beta-ossidazione degli acidi grassi
• Effetti sistemici
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Lipids	metabolism:	Mevalonate	and	Fatty	Acids

The	high	proliferation	of	cancer	cells	requires	large	amounts	of	lipids	as	building	blocks	for	
biological	membranes,	energy	storage,	post-translational	modifications,	signalling…

It was noted, over 50 years ago, that neoplastic 
tissues are able to synthesize lipids in a manner 
similar to embryonic tissues

it has been shown that ATP-citrate lyase (ACLY)
is required for cell transformation in vitro and for
tumour formation in vivo

Some cancers, including breast and prostate, show 
increased expression of FASN

The long-chain fatty-acid elongase
ELOVL7 was shown to be overexpressed in prostate
cancer and required for prostate cancer-cell growth



9

1. In cosa consiste la riprogrammazione del metabolismo nel cancro?

2. Quali vantaggi selettivi conferisce alle cellule tumorali?

3. Come possono essere sfruttate queste conoscenze ai fini terapeutici?









13





15



16





18







21









Colesterolo

componente dI:

membrana plasmatica

Lipid rafts coordinano 
l’attivazione di  signal 
transduction
pathways

Membrane 
intracellulari (via 
secretoria)

Steroidi

Molecole di 
segnalazione (e.g. 
Hedgehog) 

Acetyl-CoA
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Dolicolo
N-glicosilazione

Acetyl-CoA
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Acetyl-CoA
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ubichinone

Ubichinone
Catena di trasporto
degli elettroni



Geranilgeranil 
pirofosfato
Geranilgeranilazione 
delle proteine (es. Rho, 
Rab)

Farnesil 
pirofosfato
Farnesilazione 
delle proteine (es. 
Ras)

Acetyl-CoA
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SREBP'transcrip4on'factors:'master'regulators'of'lipid'homeostasis'
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The mevalonate pathway enzymes are under transcriptional control of a family of endoplasmic 
reticulum membrane-bound transcription factors designed as Sterol Regulatory Element-Binding 
Proteins (SREBPs). SREBPs directly activate the expression of more than 30 genes dedicated to 
the synthesis of cholesterol, isoprenoids, fatty acids, triglycerides and phospholipids. These 
transcription factors belong to the basic helix-loop-leucine zipper (bHLH-Zip) family and are 
synthesized as inactive precursor bound to the endoplasmic reticulum (ER). Each precursor is 
composed by three domains: a) an NH2-terminal domain of about 480 amino acids that contains 
the region for DNA binding; b) two hydrophobic transmemebrane-spanning segments interrupted 
by a short loop of about 30 amino acids that projects into the lumen of the ER; and c) a regulatory 
COOH-terminal domain of about 590 amino acids. To localize into the nucleus and act as 
transcription factor, the NH2-terminal domain must be released from the membrane 
proteolytically. Essential for his maturation process are three proteins. One is an escort protein 
designed SREBP cleavege-activating protein (SCAP). The other two are proteases, designed 
Site-1 protease (S1P) and Site-2 protease (S2P). SCAP is a sensor of sterols: when cells 
become depleted in cholesterol, SCAP escorts the SREBP from the ER to the Golgi apparatus, 
where the two proteases reside. S1P cleaves SREBP and the NH2-terminal domain is then 
released from the membrane via a second cleavage mediated by S2P. 
The NH2-terminal domain (nSREBP) translocates to the nucleus, where it binds sterol response 
elements (SREs) in the promoters of multiple genes of the mevalonate pathway. In mammals 
there are three SREBP isoforms: SREBP-1a, SREBP-1c and SREBP-2. SREBP-1a is a potent 
activator of all the genes involved in the synthesis of cholesterol, fatty acids and tryglicerides. 
SREBP-1c preferentially enhances transcription of genes required for fatty acid synthesis, while 
SREBP-2 preferentially activates genes essential for cholesterol synthesis. 

Sterol Regulatory Element-Binding Proteins (SREBPs) 
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reprogramming into induced pluripotent stem cells136. 
Analysis of data from the Encyclopedia of DNA Elements 
(ENCODE) project137 also shows that MYC binds  
to promoters of MVA pathway genes in close proximity to 
SREBP1 and SREBP2 binding regions (P.J.M., W. B. Tu 
and L.Z.P., unpublished observations; analysis follows 
previous work (see REF. 138)), suggesting that MYC can 
contribute to the expression of MVA pathway enzymes 
(FIG. 5). As the MVA pathway is essential for cancer cells, 
and because MYC has a major role in metabolic regu-
lation, deregulated MYC may ensure that MVA path-
way metabolites are not limiting for tumori genesis. 
The MVA pathway was also shown to be important 
in a MYC-driven transgenic model of HCC139. In that 
study, atorvastatin reduced tumour initiation and 
growth, possibly through reduced isoprenylation of the 
RHO-family GTPase RAC1, leading to the activation 
of serine/threonine-protein phosphatase 2A (PP2A), 
which is a negative regulator of MYC139. More recently, 
Myc+/− mice (which are haploinsufficient) were shown 
to have an increased lifespan, which was associated with 
the decreased expression of MVA pathway genes, includ-
ing Hmgcr and Srebf2 (REF. 140). Given the importance 
of MYC in driving cancer, and the difficulty of targeting 
it therapeutically, further work is warranted to uncover 
the relationship between MYC and the MVA pathway.

Signalling from the MVA pathway
Altered metabolism in tumours not only fulfils the ener-
getic and biosynthetic needs of a dividing cell, but also 
produces metabolites that are important for downstream 
signalling. This is particularly true of the isoprenoid 
and sterol metabolites produced by the MVA pathway, 

which are also used by cancer cells to modulate multiple 
downstream signalling pathways that are important for 
tumour progression.

YAP and TAZ. It was recently shown that the oncogenes 
Yes-associated protein (YAP) and transcriptional co- 
activator with PDZ-binding motif (TAZ; also known as 
WWTR1) require the MVA pathway to be fully func-
tional141. YAP and TAZ are transcriptional co-activators 
that facilitate the transcriptional activation of pro-growth 
genes and the repression of pro-apoptotic genes142,143. The 
nuclear localization of YAP and TAZ is negatively regu-
lated, partly by the activation of the tumour-suppressive 
Hippo signalling pathway142,143. Activation of the Hippo 
cascade results in the phosphorylation and activation of 
large tumour suppressor kinase 1 (LATS1) and LATS2, 
which phosphorylate YAP and TAZ and retain them in 
the cytoplasm142,143. YAP and TAZ nuclear localization 
requires the MVA pathway (FIG. 6), as concurrent knock-
down of SREBF1 and SREBF2 reduces nuclear localiza-
tion of YAP and TAZ141. These effects were mimicked 
by GGTIs and were prevented by a RHOA mutant that 
does not require geranylgeranylation141. This suggests 
that SREBP-mediated induction of the MVA pathway 
maintains intracellular GGPP pools, which is necessary 
for RHOA activity, as well as YAP and TAZ nuclear local-
ization. However, it is unclear whether these effects are 
dependent on Hippo signalling. Although some studies 
showed that MVA pathway-mediated YAP and TAZ sig-
nalling is independent of LATS1 and LATS2 via RNA 
interference (RNAi)-knockdown experiments141,144, one 
study demonstrated that both atorvastatin treatment 
and GGTI treatment increase the phosphorylation of 
LATS1 and LATS2, suggesting that geranylgeranylation 
regulates Hippo signalling145. A separate study reported 
constitutive SREBP activation in the livers of mice with 
a liver-specific Lats2 deletion, which corresponded to an 
increase in free cholesterol in the liver and protection 
from p53-mediated apoptosis146.

Activation of the MVA pathway and activation of 
YAP and TAZ are correlated with mutant p53 expres-
sion in primary tumours, suggesting a dysfunctional 
mutant  p53–SREBP–YAP–TAZ axis in cancer 141. 
Overexpression of TP53R280K in a TP53-null cell line 
activated YAP and TAZ only when the MVA pathway 
was active, suggesting that the MVA pathway is a crucial 
intermediate in the oncogenic activation of YAP and TAZ 
by mutant p53 (REF. 141).

Hedgehog. Cholesterol has a multifaceted role in the 
regulation of cell signalling. For example, the Hedgehog 
(HH) signalling pathway, which has important roles in 
vertebrate development and tumorigenesis, is regulated 
by sterols at multiple levels147. Cholesterol itself can serve 
as a substrate for the post-translational modification of 
HH ligands, which is required for their proper traffick-
ing148. Cholesterol and cholesterol-derived oxysterols can 
also activate HH signal transduction in medulloblastoma, 
whereas inhibition of the MVA pathway or downstream 
sterol biosynthesis decreased HH signalling and reduced 
cell proliferation149 (FIG. 6)

p53MUT MYC RB
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Figure 5 | Transcriptional control of MVA pathway gene 
transcription by oncogenes and tumour suppressors.  
a | Specific gain-of-function p53 mutants (p53MUT) 
functionally interact with sterol regulatory 
element-binding protein (SREBP) to drive increased 
expression of mevalonate (MVA) pathway genes, such  
as low-density lipoprotein receptor (LDLR), 
3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR) and 
other target genes, such as fatty acid synthase (FASN). 
b|||MYC can bind to SREBP to increase the expression of 
SREBP target genes, and analysis of the Encyclopedia of 
DNA Elements (ENCODE) database shows that MYC and 
its binding partner, MAX, bind to the promoters of MVA 
pathway genes. c | The RB tumour suppressor can interact 
with SREBP and reduce its binding at target genes. Loss of 
RB in cancer removes this inhibition, leading to the 
increased transcription of specific MVA pathway genes.
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Mechanisms	of	Mevalonate	Pathway	de-regulation	in	cancer

Multiple oncogenic signalling pathways activate the MVA pathway

Mullen et al. 2016, Nature Rev. Cancer
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Per il design di terapie metaboliche si deve tenere in considerazione

Finestra terapeutica:
- Inibire pathways che abbiano un ruolo essenziale nelle cellule tumorali ma non 
nei tessuti normali:

Plasticità metabolica delle cellule tumorali:
- Inibire contemporareamente diverse vie biochimiche per evitare il fenomeno

della compensazione
- Combinare inibitori metabolici con inibitori di pathways oncogeniche

GLICOLISI: HK2, Lattato deidrogenasi (LDH)

GLUTAMINASI

METABOLISMO MITOCONDRIALE:
METFORMINA = INIBITORE mitochondrial complex I
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the antidiabetic drug Metformin leads to reduction of circulating glucose and 
insulin levels by causing mitochondrial energy stress in the liver. 
Given its widely reported inhibitory effects on cancer cell growth, repurposing of 
Metformin for both treatment (www.ClinicalTrials.gov) and primary prevention 
of breast cancer is being investigated in large clinical trials. 33



ACLY
FASN
ELOVL
SCD

SREBP-SCAP (fatostatin, betulina)



AIM: identification of YAP/TAZ nuclear 
localization inhibitors. 

METHOD: high-content screening of FDA-
approved drug (drug repositioning strategy). 

Mevalonate pathway inhibitors are potent YAP/TAZ inhibitors 

PATHWAY DEL MEVALONATO

GGTI
Rho etc.



PATHWAY DEL MEVALONATO
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