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Periodic fasting starves cisplatin-resistant
cancers to death
Novella Guidi1 & Valter D Longo1,2

Treatment of cancers with the cytotoxic
agent cisplatin frequently evokes resis-
tance, accompanied by rewiring of meta-
bolic pathways, limiting its clinical use.
Recent research by Obrist et al (2018)
shows that cisplatin-resistant growth of
lung adenocarcinoma is particularly
vulnerable to periodic fasting cycles and
starvation-induced cell death, due to its
dependency on glutamine, required for
nucleoside biosynthesis, suggesting an
opportunity for nutritional anti-cancer
interventions.

The EMBO Journal (2018) 37: e99815

See also: F Obrist et al (July 2018)

P latinum-based drugs, and in particular

cis-diamminedichloroplatinum or

CDDP (best known as cisplatin), are

employed for the treatment of a wide array

of solid malignancies, including testicular,

ovarian, head and neck, colorectal, bladder,

and lung cancers. Cisplatin exerts anti-

cancer effects via multiple mechanisms, yet

its most prominent and best understood

mode of action involves the generation of

DNA lesions followed by the activation of

the DNA damage response and the induction

of mitochondrial apoptosis (Galluzzi et al,

2012). Despite a consistent rate of initial

responses, cisplatin treatment often results

in the development of chemoresistance,

leading to limited therapeutic efficacy. Such

alterations are defined as pre-target resis-

tance, when they affect steps preceding the

binding of CDDP to DNA (Karekla et al,

2017), on-target resistance, when directly

related to the molecular damage provoked

by CDDP (Sourisseau et al, 2016), post-target

resistance, when they involve defects in

apoptotic proteins, etc., (Li et al, 2016), or

off-target resistance when affecting pathways

not associated with CDDP-elicited signals

(Leung et al, 2016). Moreover, CDDP-

resistant cells undergo major metabolism

rearrangement such as decreased pyridoxine

kinase (PDXK) and overactivation of the

enzymatic activity of poly (ADP-ribose)

(PAR) polymerase (PARP) (Galluzzi et al,

2014; Michels et al, 2014), but those changes

do not occur in all resistant clones, making

these biomarkers not clinically useful predic-

tors of resistance. However, given that a

metabolic rearrangement is generally associ-

ated with CDDP resistance and that the exact

mechanisms that account for this process

have not been yet unraveled, it is important

to identify co-treatments that may prevent

this resistance phenotype or kill resistant

cells.

To address this, Obrist et al (2018) used

an elegant systematic approach to shed light

into the metabolic vulnerabilities of CDDP-

resistant cells. First, to identify potential

metabolic vulnerabilities linked to CDDP

resistance, they assessed cell death induc-

tion in different human and mouse lung

cancer cell lines that were either wild type

(WT) or CDDP-resistant in the presence of

many drugs including microtubule and

metabolic inhibitors but also nutrient-free

conditions (NF). Strikingly, the largest dif-

ferential susceptibility between resistant

clones and WT cells was observed under

NF, which contained only a minimal level of

glucose (5.6 mM). In line with previous

findings that fasting cycles sensitize a vari-

ety of cancer cells to chemotherapy (Lee

et al, 2012; Bianchi et al, 2015), wild-type

A549, H460, H1650, and TC-1 chemother-

apy-sensitive cancer cells also underwent a

threefold and higher increase in cell death in

nutrient-free media compared to their coun-

terpart in complete medium. However, the

effect of starvation conditions was much

more pronounced against cisplatin-resistant

cells, reaching toxicity levels that were

twofold to fourfold higher than those

observed for sensitive cells.

Additionally, thanks to knockdown

experiments targeting pro-apoptotic and

anti-apoptotic proteins, they elegantly

demonstrated the involvement of the mito-

chondrial cell death pathway in starvation-

induced cell death of CDDP-resistant cancer

cells. These findings were confirmed in an

in vivo setting where immunodeficient mice

injected with A549 CDDP-resistant cancer

cells showed reduced tumor growth and

longer survival in response to periodic fast-

ing cycles (24 hours of water only twice a

week). In contrast, CDDP-sensitive tumors

were not affected by these 24-hour fasting

cycles. Because previous results indicated

that 2–3 consecutive days of fasting were

effective against a wide range of cancers,

particularly in combination with chemother-

apy (Lee et al, 2012; Bianchi et al, 2015), it

would be important to test these longer fasting

periods on A549 and other CDDP-resistant

cancer mouse models with or without

chemotherapy treatment (Fig 1).

Obrist et al (2018) further provided

evidence with an elegant set of rescue exper-

iments that the toxic effect of fasting on

CDDP-resistant cancer cells is glutamine

(GLN)-dependent by showing that the addi-

tion of glutamine to NF media rescued

CDDP-resistant cancer cells from death.
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Notably, very low GLN doses (20 lM) were

sufficient to reverse toxicity in resistant

cancer cells suggesting that it would be

difficult to achieve these effects in patients

by only limiting specific amino acids. A

metabolome analysis showed that in

normal culture conditions, resistant clones

were characterized by a reduction in Krebs

cycle intermediates when compared to

sensitive clones. To fuel the Krebs cycle,

intracellular GLN must be converted to

GLU through an amidohydrolase reaction

catalyzed by glutaminase (GLS). However,

genetic or pharmacological GLS inhibition

could not reverse the effect of GLN in the

rescue of CDDP-resistant cells from starva-

tion-induced death, demonstrating that

GLN does not require GLS to protect resis-

tant cells.

Instead, direct addition of nucleosides

rescued all tested CDDP-resistant cell lines

from starvation-induced killing strongly

suggesting that nutrient-free conditions may

be toxic by preventing the generation of high

levels of nucleosides. Based on this finding,

the authors tested agents that target

nucleotide pathways and showed that

CDDP-resistant tumors are selectively sensi-

tive to these drugs. In line with this notion,

a recent study showed that fasting cycles

potentiate the efficacy of the treatment with

the nucleoside analogue gemcitabine in both

in vitro and in vivo pancreatic cancer models

(D’Aronzo et al, 2015).

In summary, these findings, by Obrist

et al (2018), support a wide role for fasting

and fasting mimicking diet in targeting not

only cancers that are sensitive to cisplatin

(Lee et al, 2012; Shi et al, 2012) but also

those that have acquired resistance. They

also show that a more targeted amino acid

restriction can be effective in targeting resis-

tant cells, but it is not clear whether this

strategy may be problematic both because of

the heterogeneity of metabolic rewiring in

resistant cancers and because of the diffi-

culties in preventing amino acids from

reaching tumor cells in patients. Because

resistance to therapy is one of the dominant

limitations of cancer treatment, it will be

important to determine whether periodic

fasting or its combination with a variety of

therapies can be effective in re-sensitizing a

wide range of resistant cancer cells.

References
Bianchi G, Martella R, Ravera S, Marini C,

Capitanio S, Orengo A, Emionite L, Lavarello C,

Amaro A, Petretto A, Pfeffer U, Sambuceti G,

Pistoia V, Raffaghello L, Longo VD (2015)

Fasting induces anti-warburg effect that

increases respiration but reduces ATP-synthesis

to promote apoptosis in colon cancer models.

Oncotarget 6: 11806 – 11819

D’Aronzo M, Vinciguerra M, Mazza T, Panebianco

C, Saracino C, Pereira SP, Graziano P, Pazienza

V (2015) Fasting cycles potentiate the efficacy

of gemcitabine treatment in in vitro and

in vivo pancreatic cancer models. Oncotarget 6:

18545 – 18557

Galluzzi L, Senovilla L, Vitale I, Michels J, Martins I,

Kepp O, Castedo M, Kroemer G (2012)

Molecular mechanisms of cisplatin resistance.

Oncogene 31: 1869 – 1883

Galluzzi L, Vitale I, Michels J, Brenner C, Szabadkai

G, Harel-Bellan A, Castedo M, Kroemer G (2014)

Systems biology of cisplatin resistance: past,

present and future. Cell Death Dis 5: e1257

CDDP-SENSITIVE cancer cell

GLU

GLNGLC

α-KG

• AKT

• RAS

• other 
 oncogenes

Nucleoside
biosynthesis

Amino acid
synthesis

MODERATE
CELL DEATH

INCREASE

CDDP-RESISTANT cancer cell

GLU

GLNGLC

α-KG

• AKT

• RAS

• other 
 oncogenes

Nucleoside
biosynthesis

TCA
CYCLE

• BAK

• BAX

• PUMA

• pro-apoptotic 
 proteins

FASTING

MAJOR
CELL DEATH

INCREASE

TCA
CYCLE

©
 E

M
B

O

Figure 1. Starvation-induced cell death in cisplatin-resistant lung cancer cells.
Periodic fasting cycles suppress survival of glutamine-dependent CDDP-resistant cells by inhibition of nucleotide synthesis, upregulation of pro-apoptotic proteins and
strongly increased cell death.
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