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Fasting improves anticancer immunosurveillance via autophagy induction in
malignant cells

Federico Pietrocolaa,b,c,d,y, Jonathan Pola,b,c,d,y, and Guido Kroemera,b,c,d,e,f

aMetabolomics and Cell Biology Platforms, Gustave Roussy Cancer Campus, Villejuif, France; bEquipe 11 labellis�ee par la Ligue Nationale contre le
Cancer, Center de Recherche des Cordeliers, Paris, France; cINSERM, U1138, Paris, France; dUniversit�e Paris Descartes/Paris V, Sorbonne Paris Cit�e, Paris,
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Fasting, meaning the total absence of caloric uptake coupled to
ad libitum access to water, is one strategy that may reduce
tumor growth in preclinical models, in mice. Thus, depending
on the cancer model that is investigated, fasting decreases
tumor growth either on its own1 or in combination with cyto-
toxic chemotherapies.2 Initial investigations focused on the
idea that fasting would mediate anticancer effects either due to
a reduction in circulating nutrients (like glucose or amino
acids) or due to a drop in trophic hormones (such as insulin
and insulin growth factor-1, IGF1), hence compromising the
survival and proliferation of malignant cells.1,2 In apparent sup-
port of this interpretation, it was found that tumors that consti-
tutively activate trophic signaling by oncogenic mutation of
class 1 phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic
subunit a (PIK3CA) do not reduce their growth upon fasting.1

Most if not all cytotoxic chemotherapeutics have been
developed based on the assumption that they would act like
antibiotics and hence arrest the cell cycle and/or kill cancer
cells in a selective fashion. However, in recent years it has
turned out that chemotherapy is particularly efficient if it suc-
ceeds in stressing and killing malignant cells in a way that elic-
its a specific immune response against tumor-associated
antigens. Indeed, in preclinical models, depletion of cytotoxic
T lymphocytes (CTL) is sufficient to completely abolish tumor
growth reduction induced by anthracyclines, cyclophospha-
mide or oxaliplatin.3,4 These chemotherapeutics trigger immu-
nogenic cell death (ICD). ICD is characterized by a series of
premortem stress signal that alert cells from the innate
immune system, in particular dendritic cell (DC) precursors,
that invade the tumor bed, place themselves in the proximity
of dying cancer cells, take up tumor-associated antigens and
present them to CTL (Vacchelli 2015). One of the hallmark
characteristics of ICD is autophagy, which facilitates the release
of immunostimulatory adenosine triphosphate (ATP) over that
of immunosuppressive adenosine, hence favoring the chemo-
tactic attraction of DC precursors into the tumor bed and
reducing that of immunosuppressive regulatory T cells (Treg).

Autophagy-deficient cancers are characterized by a reduced
DC infiltration as well an unfavorable CTL/Treg ratio post-
chemotherapy and hence do not elicit a growth-inhibitory
anticancer immune response.3

The combination of ICD-inducing chemotherapies with
starvation yields superior tumor growth-inhibitory effects that
were fully immune dependent.5,6 Thus, the combination of
starvation plus chemotherapy (with anthracyclines or oxalipla-
tin) reduced cancer progression more than each of these inter-
ventions alone, and growth reduction disappeared when mice
were lacking T lymphocytes. Tumors from which essential ele-
ments of the autophagic machinery (such as Atg5 or Atg7)
were depleted failed to respond to the combination regimen of
starvation and chemotherapy.5 Altogether, these results under-
score the importance of the link between autophagy occurring
in malignant cells and subsequent activation of anticancer
immunosurveillance.3

In mice, a 48-hour starvation period causes a drastic
reduction in body weight (by approximately 20%) that is,
however, fully reversible. Driven by the consideration that
such a weight loss might create subjective discomfort, we
and others have developed alternative strategies to avoid
full-fledged starvation. Valter Longo and colleagues devel-
oped a hypocaloric “fasting-mimetic diet” that causes a
moderate reduction of body weight, yet an important fall in
free circulating IGF-1 levels, yielding immune-dependent
improvement of chemotherapeutic outcome.6 We used an
alternative strategy consisting in the artificial induction of
autophagy with non-immunosuppressive agents. Most of
these agents fall into the category of “caloric restriction
mimetics” (CRMs), meaning that they directly induce one of
the biochemical hallmarks of cellular starvation, namely a
reduction in cytoplasmic protein acetylation.7 This effect is
achieved by inhibition of the supply of cytosolic acetyl-coen-
zyme A (due to the inhibition of ATP citrate lyase, for
instance by hydroxycitrate), by the inhibition of the acetyl
transferase activity of EP300 (for instance by spermidine) or
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by the activation of the deacetylase activity of sirtuin-1 (for
instance by resveratrol). Indeed, CRMs including hydroxyci-
trate, spermidine and resveratrol all induced autophagy in
cancer cells and improved anticancer immune response with
consequent tumor growth reduction if they were combined
with immunogenic chemotherapeutics5 Of note, these effects
were not linked to any significant weight loss, yet disap-
peared upon suppression of autophagy in malignant cells or
upon removal of CTL from the system. Moreover, they were
coupled to a favorable shift in the CTL/Treg ratio within the
tumor bed indicating improved local immune response.

Epistatic experiments indicate that CRMs stimulate antican-
cer immunosurveillance via the depletion of Tregs.5 This
Treg depletion fully depends on the autophagy competence
of cancer cells and can be reversed by restoring free IGF1
levels to the normal level (which also inhibits autophagy
induction by CRMs), underscoring the existence of an axis
that links fasting (or CRMs) to IGF1 reduction, consequent
autophagy induction in cancer cells and local immunostimu-
lation. It has not been yet explored whether CRMs have
immunostimulatory effect by a direct (cancer cell-indepen-
dent) effect on immune effectors. However, FMD turned out
to increase the frequency of common T lymphocyte precur-
sors,6 suggesting that such an effect might be therapeutically
relevant (Fig. 1). Irrespective of these mechanistic incognita,
it appears that fasting and its substitutes (CRMs and FMD)
may improve anticancer immunosurveillance in preclinical
models.
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Figure 1. Schematic overview of the anticancer effects of fasting and its substi-
tutes, namely pharmacological agents that mimic the biochemical effects of starva-
tion (caloric restriction mimetics) or a specific formulation of nutrient that mimics
fasting (fasting mimicking diet). Note that the scheme constitutes a working
hypothesis. Connections that appear particularly uncertain are marked with ques-
tion marks. CTL, cytotoxic T lymphocyte; Treg, regulatory T cell.
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