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Pancreatic cancer stem cells: fatty acid synthesis and
mevalonate pathways are implicated in their survival

Pancreatic ductal adenocarcinoma (PDAC) is an aggressive malignancy with a high metastatic
potential. The disease is the fourth leading cause of cancer-related deaths in the USA, and is
projected to be the second one by 2030, due to an increasing incidence, lack of effective
treatments, and a high metastatic propensity.

Patients suffering of PDAC have a 5-years survival of 7.7%, a finding that is consistent with early
spread: moreover, standard chemo and radio-therapy, as well as treatments based on known
oncogenes or growth factors, have not improved the median survival.

Glycolysis Pentose phosphate pathway Folate cycle
r’l‘ -\\‘ ’/," 6PG N " r’/ 10 CiH-1THf ‘\“
I I \ AT A TYD [
: i G6PD_ I NADP- ii g il
E G6P i - PGD o :: NADPH !
| 1 NADP- i . THF i
! ] e iy L4324 i
: F6P i i o MTHFD1 |
1 "N
: ¥ ™\ I 4 i
1 P
i : i X5P RSP i )
: F1,6BP i \: P
1 s TR TR S e —
1 I []
i ALDOA : E TKT } Nucleotide and
| DHAPELTPILS G3P <) / AAsynthesis
i g R i $7P 15
i GAPDH NAD : e A 0
I A T |
i
i 1.3-BPG i Pyruvate-malate cycle Lipid metabolism
e N 1 - —— —— ———
! PGK1 $ | e i T e ~
: : - § o~ S e l' ACLY : ” IADPH e %
; . cCoA ¥, i\ NADI \
o 1 []
i pc_\)ni | &= / 2 : TR N M > Fatty Acids |
: . Citrate K i FASN |— Cerulenin |
E : . o 2 i AS? erulenin
| 2.2 : N \ | ' R :
! EZ\'O:\$ ! aloacetat \ i \IDHI\L 5: 1,. i
i i l . i ;
: PE} i Krebscycle V. . || Malate i {ceto-AcCoA :
i PKM l' i ‘ il NADP- § |
I | ] ! I
. | / | (ME1 i :
. Pyruvate i \ g J i NADDH :: —Atorvastatin :
: | % FH c &’ ! TR P i
X DHA/LDHB ] ~ Fumarate i : Pyruvate E: HMG-CoA i
LY i
P — S O T U /\ ! |
------------------------- | i
Lactate H Mevalonate !
Glutamate «<—— Glutamine | i
Warburg effect ! [
Y 7 !

Fig. 1. Overview of key metabolic pathways in pancreatic cancer stem cells.
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Emerging insights have suggested the presence of a small subpopulation of cells, termed as
cancer stem cells (CSCs), which are responsible for tumour initiation, formation and progression in
several types of cancer, including pancreatic tumour. Our previous researches, have shown that
the secretome of pancreatic CSCs is enriched in proteins that participate in cancer differentiation,
invasion and metastasis.

The present study aims to further deepening the understanding of pancreatic CSCs biology,
through the investigation of differentially expressed intracellular proteins by iTRAQ-based shotgun
analysis.

The proteomic study has been carried out on two biological replicates of Pancl and Pancl CSCs
whole-cell extracts: a total of 230 modulated proteins have been identified and classified by
Ingenuity Pathway Analysis. Our data indicated that, some key metabolic pathways, such as
glycolysis, gluconeogenesis and penthose phosphate pathway (PPP), strongly represented the
intracellular up-regulated Pancl CSCs proteins. Several studies have demonstrated that glycolytic
programme favours stemness through several mechanisms including PPP, being the most
relevant; increased expression of glycolytic and PPP enzymes has been also confirmed by
metabolomic results. Interestingly, Pancl CSCs over-expressed enzymes involved in the pyruvate-
malate cycle (citrate-pyruvate cycle) pathway, responsible for citrate transport out of the
mitochondria into the cytosol where it is cleaved to oxaloacetate and acetyl-CoA, which is available
then for fatty acid synthesis. On the other hand, oxaloacetate could be hydrogenated to give

NAD" and malate, which is then oxidized to pyruvate. Accordingly, the up-regulation of glycolytic,
PPP and pyruvate-malate cycle enzymes in pancreatic CSCs, was related to a strong induction of
two cytosolic enzymes involved in the lipid metabolism. As a further confirmation of a switch to
glycolytic metabolism at the expense of the mitochondrial oxidative one, Pancl CSCs were
characterized by a down-regulation of some key enzymes of Krebs cycle confirmed by
metabolomic data.

Cerulenin, a fatty acid synthase (FASN) natural inhibitor, and Atorvastatin, a competitive inhibitor of
the mevalonate pathway, have been used to test the cytotoxic effects on PDAC CSCs. Our findings
suggested an acute reduction of fatty acid or cholesterol production that could target specific
stemness features.

The proteomic and metabolomic analysis showed that the main metabolic routes are used by
pancreatic CSCs for survival, proliferation and dissemination; at the same time, the maintenance of
fatty acid synthesis and mevalonate pathway levels are critical contribution for survival of PDAC
CSCs.

The present study contributes to broadening the knowledge on pancreatic cancer stem cells and
could be used as a starting point for the development of novel therapeutic strategies for the
treatment of pancreatic cancer.
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