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SUMMARY INTRODUCTION

Prolonged fasting (PF) promotes stress resis- Dietary composition and calorie level are key factors affecting

tance, but its effects on longevity are poorly =2ging and age<elated diseases (Antodh 2011; Blag
understood. We show that altemmating PF and ; F it 3 Part
nutrient-rich medium extended yeast lifespan 13 Lopeaz-Otin et k r Distary rastric-

independently of established pro-longevity genes. 0" DR) promotes metabalic and
In mice, 4 days of a diet that mimics fasting CO%tve damage and
(FMD), developed to minimize the burden of PF, o =9 == v
decreased the size of multiple organs/systems, an M 1 D e
effect followed upon re-feeding by an elevated . 200a). Fasting, the most extre

number of progenitor and stem cells and regenera- e abstinence from al food, but not water, can be appled n a
tion. Bi-monthly FMD cycles started at middle age chronic manner as intermittant fasting (IF) or periodically as cy-
extended longevity, lowered visceral fat, reduced clos of
cancer incidence and skin lesions, rejuvenated d M
the immune system, and retarded bone mineral diabetes, cancer, hean disease, andne
density loss. In old mice, FMD cycles promoted M 014). In humans, IF and less-severa regimens
hippocampal neurogenesis, lowered IGF-1 levels i g.. consumption of approximately 500 kcal ;xi or 2days a
and PKA activity, elevated NeuroD1, and improved At
cognitive performance. In a pilot clinical trial,
three FMD cycles decreased risk factors/bio- .., 2nomaldiet, arm emerging asa highty effective strategy
markers for aging, diabetes, cardiovascular dis- 5 potect nomal cells and organs from 2 vanety of toxins and

of DR, which entails

prokinged fasting PF) lasting 2 or more days X
n. 2014). In rodents, F promotes protection aganst
o-degeneration X

wook) have bene ficial eflocts on insulin, glucose, C-reactive pro-
tein, and blood pressura (Han t X )

PF cycles lasting 2 or more days, but separated by at least a

ease, and cancer without major adverse effects, ., ditions (Raff v )
providing support for the use of FMDs to promote whik incraasing the daath of many cancer cell types (Le

healthspan. ). PF causes a decrease in blood glucose,
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Calorie restricion or changes in dietary composition can enhance healthy aging, but the inabllity of most
subjects to adhere to chronic and extreme diets, as well as potentially adverse effects, imits their application.
We randomized 100 generally healthy participants from the United States into two study ams and tested the
effects of a fasting-mimicking diet (FMD]—low in calories, sugars, and protein but high in unsaturated fats—on
markers/risk factors associated with aging and age-related diseasss. We compared subjects who followed 3 months
of an unrestricted diet o subjeas who d the FMD for 5 mpfmm:mmm
FMD cycles reduced body weight trunk. and total body fat lowered blood pr and de

growth factor 1 (IGF-1). No seriows adverse effects were reported. After 3 months, control diet subjects were crossed
over to the FMD program, eesulting in a total of 71 subjects completing three FMD cydes. A post hoc analysis of
subjects from both FMD arms showed that body mass index, blood pressure, fasting glucose, IGF-1, triglycerides,
totl and low-density lipoprotein cholesterol, and C-reactive protein were more benefidally affected in participarts
at risk for disease than in subjects who were not at risk. Thus, cydes of a 5-day FMD are safe, feasible, and effective
in redudng markers/risk factors for aging and agerelated diseases. Larger studies in patients with diagnosed dis-
wases or selected on the basis of risk factors are warranted to confirm the effect of the FMD on disease prevention

and treatment.

INTRODUCTION
Metabolic syndrome is defined by c-occurrence of three of five of
the following conditions: ahdominal dbesity, devated fasting glucose,
elevated Hood pressure, high serum triglycerides, and low levels of
‘high-density lipoprotein (HDL) cholesteral (L Affecting 47 million
Amercans (2), it is assodated with a major incresse in the risk of
cardiovascular discase (CVD) and all-ciuse mortality (3). Although
prolonged fasting or very low lorie fasting-mimidding diets (FMDs)
can amdiorate the inddence of dseases such as aincer and muhiple
sclerosis in mice (4-6), randomized trials to assess fasting’s ability to
reduce markers/risk factors for aging and major age-related diseases
hawe not been arried out (7-9), Prolonged fasting, in which only water
is consumed for 2 or more days, reduces: pro-growth sgnaling and acti-
vates cellular protection mechankms in ongankms ranging Fom sngle-cell
yeast to mammals (10). In mammals, this is achicved in part by tempora-
riy reducing gumnse and circubsting insulin-ke growth ficor 1 (IGE-1),
& bormone wall studied for ts role in metibolism, growth, and devdop-
ment, as well as for its association with aging and cancer ( 11- 16). Severe
growth homone receptor and IGF-1 deficindies are sswdated with a
reduced risk of cancer, didbetes, and overall mortabity in humans (17, 18,
Mice fed periodically with the FMD show extended healthspan and
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dence, and enhanced cognitive performance (5). Despite its potential
for disease prevention and treatment, prolonged fasting i difficult o
implement in human sibjects and may exacerbate preedsting nutri-
tional deficiendies, making it not feasble andlor safe for children, the
dderly, frail individuals, and even most of the healthy adubs. We have
Investigated whether a dietary intervention more practical and safer
than fasting could affect markers or risk factors for aging and diseases.
To this end we developed an FMD based on a diet previoudy tested
in animals and designed to achieve effects similar 1o those caused
by fasting on IGF-1, insulin-like growth factor-binding protdn
1 (IGFBP.1), glucose, and ketone bodies (17). To prevent nutrient
deficiency, this FMD provided between 3000 and 4600 k] per day, as
wadl as high micronutrient nourishment, to each human sobject (5).
We also previously showed the safety and feusibabity of this interven-
tion in 19 study participants who cnsumed three monthly cydes of
this FMD lasting 5 days each (5).

We now report the results of a randomized controlled trial of 100
subjects, 71 of whom completed three cydes of the FMD either in a
mndomized phase (n = 39) or after being crossed over from a control
diet group to the FMD group (n = 32), We evaluated the effects of the
FMD on risk factors and markers for aging, cancer, metabolic syn-
drome, and CVDs in generally healthy participants ranging from 20
to 70 years of age.

RESULTS

Baseline data for all subjects

From April 2013 to July 2015, 100 study participants were randomized
and assigned to either arm 1 (n = 48) orarm 2 (n = 52). At enrolment,
Independent of whether they completed the trial or not, subjects in the
two arms were comparable for age, sex, race, and body weight (Table 1),
Hispanics (27%) were underrepresented in the study population in
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Abstract

Purpose The aim of this study was to evaluate the short- and long-term effects of the Fasting-Mimicking-Diet (FMD) inter-
vention on neuromuscular parameters of force production in healthy young men.

Methods Twenty-four physically active men completed the study. Participants wene randomly assigned to Fasting-Mimicking
(FMD) or Normal Diet (ND) and asked to follow three cycles of dietary inervention, Neuromuscular parameters of force
production during maximal voluntary isometric contractions (MVCs) with the leg extensors muscles and anthropometrics
were measured at baseline (T0), at the end of the first cycle (T1), and 7-10 days afer the 3rd cycle of the nutritional inter-
vention (T2). The study was regisered on Clinicaltrials.gov (No. NCTOM4476615).

Results There was a significant decrease in body mass at T1 for FMD (— 2.6 kg. A from baseline, on average; p<0.035) but
not in ND (— 0.1 kg:). Neuromuscular parameters of force production, muscle volume, and MVC torque did not change or
differ between groups across visits. Results were similar even when parameters were normalized by muscle volume.
Conclusion The consumption of FMD in a group of young healthy male subjects showed to be fasible. and it did not affect
neuromuscular parameters of force production. The rsults suggest that FMD could be safely adopled by sirength athlewes
without detrimental effects on force and muscle volume, Further research in clinical population at risk of muscle mass loss,
such as elderty and obese subjects with sarcopenia. is warranied.

Keywords Fasting - Fasting-Mimicking-Diet - Muscle force - » ! - The twitch intery
technigue
Abbreviations IPAQ) International physical activity questionnaine
ANOVA  Analysis of variance MRFD  Maximal rate of force development
BMI Body Mass Index MRR Maximal rate of relaxation
CR Caloric restriction MVC Maximal voluntary isometric contraction
DR Dietary restriction ND Normal diet
EMG Electromyography PNS Peripheral nerve stimulation
FMD Fasting-Mimicking-Diet Quw,,  Polentiated single twitch
SF12 12-1em Short Form Health Survey
s1 Stimulation iniensity
Communicated by Michalis G Nikolaidis. VA Voluntary activation
[ Mameo Bertucco
matien, hertuccod usivr.it Introduction
' of Ne and M.

Sciences, University of Veruna, Via Felice Casarati 43, Fasting. the practice of total or partial abstention from food.

FTI31 Vierons, Rty is an ancient practice that is shared among different reli-
2 Imnrui_o Institute anhfi:: Schoal of Gerontology. _ gions and dates back thousands of years (Sarri et al. 2005;
:JI'\!:W-.‘ of Southern Cafiforaia. Los Angeles. CA 80089 Trepanowski and Bloomer 2010; Persynaki et al. 2017).
. - ) ) Some fasting regimes requin: only a caloric restriction (CR )
:T::\vl. ARC Institute of Molecular Oncology. 20139 Milan, of the daily dietary intake, while frequency and composition
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Abstract: Diet and nutrition have been shown to impact dermatological conditions. This has increased
attention toward integrative and lifestyle medicine in the management of skin health. Emerging
research around fasting diets, specifically the fasting-mimicking diet (FMD), has provided clinical
evidence for chronic infl y, cardi bolic, and i e diseases. In this randomized

controlled trial, we evaluated the effects of a five-day FMD protocol, administrated once a month for
three months, on facial skin parameters, including skin hydration and skin roughness, in a group of
45 healthy women between the ages of 35 to 60 years old over the course of 71 days. The results of the
study revealed that the three consecutive monthly cycles of FMD resulted in a significant percentage
increase in skin hydration at day 11 (p = 0.00013) and at day 71 (p = 0.02) relative to baseline. The
results also demonstrated maintenance of skin texture in the FMD group compared to an increase
in skin roughness in the control group (p = 0.032). In addition to skin biophysical properties, self-
reported data also demonstrated significant improvement in components of mental states such as

s happiness (p = 0.003) and confidence (0.039). Overall, these findings provide evidence for the potential
Citation: Maloh, J.; Wei, M.; Hsu, use of FMD in improving skin health and related components of psychological well-being.
W.C; Caputo, S; Afzal, N.; Sivamani,
RK. The Effects of a Fasting Keywords: fasting-mimicking diet; skin hydration; skin texture

Mimicking Diet on Skin Hydration,
Skin Texture, and Skin Assessment: A

Randomized Controlled Trial. J. Clin.

Med. 2023, 12,1710. https;//doiorg/ 1. [ntroduction

10.3390/jem12051710
= The utilization of integrative medicine and lifestyle interventions in the management

Academic Editor: Vito Di Lernia of various health concerns has gained significant interest in recent years. A lifetime preva-
Received: 29 January 2023 lence of 35—‘69“(, for the use of complementary n?euiicine was »found.in patients who»s‘eek
Revised: 14 February 2023 dermatological treatments [1]. Among the various modalities of integrative medicine,
Accepted: 16 February 2023 diet and nutrition play a particularly important role. By addressing the underlying di-
Published: 21 February 2023 etary and nutritional factors that may contribute to skin concerns, dietary interventions in
dermatology may offer a unique inside-out approach to care [2].

The relationship between diet, weight, and dermatological disease has been demon-
strated in the literature. For example, high-glycemic load diets are associated with hyperin-
Copyright: © 2023 by the authors.  sulinemia which, in turn, can contribute to acne through increases in inflammation and
Licensee MDPI, Basel, Swizerland.  androgen-mediated increases in sebum production [3]. A randomized controlled trial in
This article is an open access article  those with acne found that intervention with a low-glycemic load diet improved insulin
distributed under the terms and  sensitivity and reduced total inflammatory lesion counts compared to control [4]. Further-
conditions of the Creative Commons  more, psoriasis has been associated with increased adiposity, with excess adipose tissue
Atribution (CC BY) license (https:// - that contributes to a pro-inflammatory state [5]. A study was conducted to investigate the

S role of weight reduction on psoriasis with the use of a low-calorie, protein-based diet [5].
40/).
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\pp ly 75% of cancel pressth trogen and,/or p
receptors. Endocrine therapy Inthes CEpLor-positive

tumours, but primary and acquired resistance limits its long-term benefit™”. Here we
show that Inmouse models of hormone-recepror-positive breast cancer, periodic
fasting or a fasting-mimicking diet™ * enhances the activity of the endocrine
P 5 rant by lowering circulating IGF1, Insulin and leptin
andby AKT-mTOR lling viaupregulation of EGR1and PTEN. When
fulvestrant is combined with palbociclib (acyclin-dependent kinase 4/6 inhibitor),
addlm{pemdlc cyclesofa fasting- mrrnlcl:lngdlet promotes long-lasting tumour
a etodn . both fasting
am.la fasting-mimicking diet prevent fuced la.In
patients with hormone-receptor-positive breast cancer recelving oestrogen therapy,
cyclesof afasting- king diet cause ch gous to those
observed in mice, including reduced levels of insulin, Iepunand WGF1, with the last two
low for A periods, In mice, the

g effects are assoclated
with long-term anti-cancer activity. These results support further clinical studies of
afasting-mimicking diet as an adjuvant to oestrogen therapy in
hormone-receptor-positive breast cancer.

r ghthe phosph !hnm(l‘!!l] |nIIR HII!.Z breast cancer (BC) cell lines, and similar results were
AKT-mammalian targ\?toflapamycln R activated f the same cell lines subjected toweekly
pro(emkmaselmPl nmrwad:ml(y c}clesof[ssungoll)lut}lg la, wandedl.\anllgsl 23 b).! STSaIso
and i i i mlm-m:umnun i-tumour activity of in tumour

Water-only fasting or plant-based diets that are simul f i ithHR BC*. and weekhy FMDq\. P dacquired

low in calories, sugar and protein and proportionally high in [.n d). Enh
ifastlng“mlmlrl:lngdletslfMDs])mduceclrtull(mgwwhfaclors ofﬁmlm(hmugllmwasdependenlonlhemducuonmserum

such a5 Insulin andJL.I I'helefore.we by d that these k glucose toth
digtary i theactivity of = affm the observed potentiation { Extended Data Fig. 3a).
\herapv [!—.Hand dela)' endocrme resls\mce In mice, besides increasing f-hydroxybutyrate levels (Extended

Data Fig. 3b) and lowering blood glucose (from 6.3 £ 0.6 mmol ' to
the elleclsnll'astlngorl’MDlleleued to asshort-term starvation, 4.1+ 0.3mmeol | ‘andl .0+ 0.9mmol I, respecu\reh n= 4] hstlngor
5TS umour s ) If A fubv FMD dified 1: circul. factor

RCCE Ospodala Fobelinio San Marting, Ganca Rl “Dapartmant of Oncology and Hamaa.Onczlogy. Lniarsey of MESN. Mkin, Ry, *FOM. FRC Instituta of Makiculi Onccicgy,
Nelan, sty “Mecdcal Oncotagy snd Hemstology Depsrtment, Fondasions 5 Narsrale del Turorl Mian. Raly, "Deog#t=et of intarel Medicing sd Medical Sauciaien,
Unsvsrmty of Ganca, Genca. Eaky *Longity nstituts. Leonard Davs Schoo ‘and Departmant of Biologeal Scences, 1 nwstro—sm—u m Cabfoenia, Los Angeles, CA.
uBA, ‘Department of Calludsr, Domputstonsl, snd Integrate Mickogy iCm
s and Sokinces, Ubsecht. Tha Nethariands. *Univeesty Madical Canter Ltrache. Utrecht, The Seshariands. “Department of Health Scknces, Untvarsey of Genoa, Gano
“Dengtmert of magrated Burpics and Dagrosic Buencen
Maems Canter for Padatnc Oncology, Larecht, Tha Nethasiands. *Thass authors comnbutied squally. Inens Cafa, Vanssss Spagnoin. *Thasa suthars jointly supanveod thes works Valser D.
onga, Mlsasta Nencion, Be.mall: viongagnusc.sdu: ke ren clankgrurige.

Nature | www.nature.com | 1

Cancer

Caffa I, Spagnolo V, Vernieri C, Valdemarin F, Becherini P, Wei M,
Brandhorst S, Zucal C, Driehuis E, Ferrando L, Piacente F,
Tagliafico A, Cilli M, Mastracci L, Vellone VG, Piazza S, Cremonini
AL, Gradaschi R, Mantero C, Passalacqua M, Ballestrero A, Zoppoli
G, Cea M, Arrighi A, Odetti P, Monacelli F, Salvadori G, Cortellino
S, Clevers H, De Braud F, Sukkar SG, Provenzani A, Longo VD,
Nencioni A. Fasting-mimicking diet and hormone therapy induce
breast cancer regression. Nature. 2020;583(7817):620-4. doi:
10.1038/s41586-020-2502-7. PubMed PMID: 32669709; PMCID: -
PMC7881940. Caffa, 2020
https://www.nature.com/articles/s41586-020-2502-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7881940/



https://www.nature.com/articles/s41586-020-2502-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7881940/

L-Nutra Scientific Article L-N'utra"

nature
COMMUNICATIONS

ARTICLE T
[ ttpey// doiorg.710. 038/ s1067-020-16243-3 [INRe Ll =T

Synergistic effect of fasting-mimicking diet and
vitamin C against KRAS mutated cancers

Maira Di Tano® 2, Franca Raucct, Claudio Vernieri®?, Irene Caffa®>, Roberta Buono® &2, Maura Fanti®,
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Fasting-mimicking diets delay tumor progression and sensitize a wide range of tumors to
chematherapy, but their therapeutic potential in combination with non-cytotoxic compounds
s poordy understood. Here we show that vitamin C anticancer activity is limited by the up
regulation of the stress-inducible protein heme-oxygenase-1 The fasting-mimicking diet
selectivity reverses vitamin Ceinduced up-regulation of heme-oxygenase<1 and ferritin in
ERAS-mutant cancer cells, mnsequently increasing reactive iron, oxygen species, and cell
deathy an effed further potentiated by chemotherapy. In support of a potential role of ferritin
in colorectal cancer progression, an analyss of The Cancer Genome Atlas Database indicates
that KRAS mutated colorectal cancer patients with low intratumor ferritin mRNA levels dis
play longer 3- and S-year overall survival. Collectively, our data indicate that the combinstion
of a tasting-mimicking diet and vitamin C represents a promising low toxidty intervention to
be tested in randomized clinical rals against colorectal cancer and possibly other KRAS
mutated tumors
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C against KRAS mutated cancers. Nature communications.
2020;11(1):2332. doi: 10.1038/s41467-020-16243-3.
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chemotherapy for breast cancer in the multicentre
randomized phase 2 DIRECT trial
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Short-term fasting protects tumar-bearing mice against the toxic effects of chemotherapy
while enhandng therapeutic effiecy. We randomized 131 patients with HER2 -negative stage
/11l breast cancer, without dizbetes and 2 BMI| over 18 kgm 2, to receive either a fasting
mimicking diet (FMD) or their regular diet for 3 days prior to and during nesadjuvant che
motherapy. Here we show that there was no difference in toxicity between both groups,
despite the fact thet dexamethasone was omitted in the FMD group. A radiclogically comr
plete or partial response occurs more often in patients using the FMD (OR 3168, P = 0.039)
Moreaver, perprofoca analysis reveals that the Miller&Payne 4/5 pathalogical response,
ndicating $0-100% tumor-cell loss, is more likely to oocur in patients using the FMD (OR
4108, P =0.006). Also, the FMD significantly curtails chemotherapy -induced DNA damagein
Tdymphocytes These positive findings encourage further exploration of the benefits of
fasting /FMD in cancer therapy. Trial number NCTO2T26449
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Abstract

Purpose In the phase 1l DIRECT study a fasting mimicking diet (FMD) imp d the clinical o djuvant
chemotherapy as compared to a regular diet. Quality of Life (QoL) and illness perceptions regarding the possible side e flects
of chemotherapy and the FMD were secondary outcomes of the trial.

Methods 131 patients with HER 2-ne gative stage 111 beeast cancer wene recruited, of whom 129 were randomly assigned
(1:1) to receive either a fasting mimicking diet (FMD) or their regular diet for 3 days prior to and the day of neoadjuvant
chemotherapy. The European Organisation for Research and Treatment of Cancer (EORTC) questionnaires EORTC-QLQ-
(€30 and EORTC-QLQ-BR23; the Brief 1liness Perception Questionnaire (BIPQ) and the Distress Thermometer were used to
assess these outcomes at baseline, halfway chemotherapy, before the last cycle of chemotherapy and 6 months after surgery,
Results Overall QoL and distress scores declined during treatment in both arms and returned to baseline values 6 months
afler surgery. However, patients’ perceptions differed slightly over time. In particular, patients receiving the FMD were less
concerned and had better understanding of the possible adverse effects of their treatment in comparison with patients on 2
megular diet. Per-protocol analyses yielded better emotional, physical. role, cognitive and social functioning scores as well
as lower [atigue. nausea and insomnia sy mptom scores for patients adherent (o the FMD in comparison with non-adherent
patients and patients on their regular diet,

Conclusions FMD as an adjunct to neoadjuvant chemotherapy appears to improve certain QoL and illness perce ption domains
in patients with HER 2-negative breast cancer.

Trialregister

ChinicalTrials.gov Identifier: NCT02126449

Keywords Quulity of life - 1llness perceptions - Breast cancer - Chemotherapy - Short-lerm fasting - Fasting mimicking
diet - Distress thermometer

Riencke T. Lugienberp and Stefunie de Groot have contributed Introduction

equallyto this work
Short-term fasting (STF) during cancer treatment has

Electronic wulmm maularl “I;he ﬂ;lift“‘\lcniﬂn of this attracied increasing atiention since the first report of benefits

A in mice in 2008 [1]. Indeed. in rodents, fasting limits tumor
supplementary material, which is available to authorized users. . . " .

P and the sensitivity of wumor cells o

0 Judith R, Kroep cancer therapies, while simultaneously protecting healthy

jrkroepElume.nl cells against its toxic effects [2-4]. These experimental ben-

Extended suthor information svailshle on the kst page of the articke efits triggered a number of small clinical trials exploring
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SUMMARY

Stem-cell-based therapies can potentially reverse
organ dysﬁlncton and diseases, but the removal of

Wmuwlmdw?dm{T‘D'ﬂT?Dlﬂcmc
terized by f-osl and tran Crop
et al., 2005; Dor and Glaser, 2013; Taichai st i, 2012; Wang
etal, 2014), f‘-oﬂmmmmgpmﬂeﬂma’dbrnﬁmﬂw

from d calls are

d tissue and acti of a progr leading

poutic i [Baoyons ot al., 2014; Chers

to organ regeneration pose major chall In
mice, a 4-day fasing mimicking diet (FMD) induces
a stepwise expression of Sox17 and Pdx-1, followed
by MNgn3-driven generaion of insulin-producing
P cells, resembling that cbserved during pancreatic
development FMD cycles restore insulin secretion
and glucose homeostasis in both type 2 and type 1
dabetes mouse models. In human type 1 diabefte

Maahr et al, 2009; Pagluca st al, 2
Zhou et al, 2008; Ben-Othman et al. [ 2
gasting that lineage conversion is critical in both diabates path-
ogenssis and therapy (Weir et al., 2013}

Although distary ntervention with the polential to amelorate
insulin resistance and type |l diabetes has been studied exten-
mnylaaaem whether this has the potential to promate &

pancreafic islets, fasting conditions reduce PKA
and mTOR activity and induce Sox2 and Ngnd
expression and insulin production. The effects of
the FMD are reversed by IGF-1 treatment and reca-
pitulated by PKA and mTOR inhibition. These rasms
indicate that a FMD p the reprog:

of pancreatic cells b restore insulin generation |n
islets from T1D patients and reverse both T1D and
T2D phenotypes in mouse models.

INTRODUCTION

The abiity of animals to survive food deprivation is an adaptive
response accompanied by the atrophy of many tissues and
ongans to minimize enengy expendture. This atrophy and its
reversal following the return to a normal diet involve stem-cell-
based regeneration in the hematopoletic and nenvous systams
(Branchorst stal, 2015; Cheng et al, 2014). However, whether

ge-reprog ink ofthat achieved by iPSCs-
based engnesring ramans unknown. We previously showed
that cycles of prolonged fasting (2-3 days) can protect mice
and humans from toxicity asa:luavad with chemotherapy and
can promote
{Chang et al, 2014; Laviano and Rossi Faneli, 2012; Raflaghelio
et al, 2008) In consideration of the challenges and side effects
assocated with prolonged fasting in humans, we developed
a low-calorie, low-protein and low-carbohydrate but high-&at
4-day Bsting mimicking diet (FMD) that causes changes in the
levels of specific growth factors, glucose, and ketone bodies
similar to those caused by water-only fasting (Erandhorst
2015) (see also Fgure 51 for metabolic cage studies).
Here, we examine whether cycles of the FMD are able to pro-
mate the of v i calls and
the mechanisms responsible for these effects.

RESULTS

Cycles of a FMD Rescue Mice from Late-Stage T2D

prolonged fasting and refeeding can also cause
ion andfor cellular ing leading to

As a of insulin s the d n the
number of ' insulin-pr g focells i to
the of T20 by y |oading to insulin defi-

linsage developmaent is unknown, i cells residing in
isists are among the most sensiive to nuirient availability.

(W) e

ciancy (Cnop et al., 2005 Dor and Glasar, 2013). Previously, we

Cell 168, TT5-T88, February 23, 2017 © 2017 Bsewer Inc. 775
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Abstract

Context: Novel fasting interventions have geined scientific and public attention. Periodic fasting has emerged as a dietary modification pro-
rmoting benaficial effocts on metabolic syndrome

Objective: Assess whether periodic fasting reduces alburninuria and activates nephropathy-driven pathways

Design/Participants: Froof-of concapt study where individuals with type 2 disbetes (n = 400 and increased slbumin-lo-crestining ratio (ACR)
were randomiy assigned to receive a monthly fasting-mimidking diet IFMD) or a Maditerranean diet for 8 months with 3-month follow-up

Main Outcomes Measwres: Change in ACR was assessed by snalysis of covariance adjustad for age, sex, weight loss, and bassline valus.
Frospacified subgroup analysis for pationts with micro- v mactoalbuminuria st basedne was poctotmed, Chango in homeostatic model assoss
ment for insulin resistance (HOMA-R), c:ltuaung markers of dicarbonyl detoxification imethylghyoxal-derived hydroimidazolone 1, gyoxalsse-1,
and by DNA sphory histono HZAX), kpad cdation lcyicamitmesl, and sonesconce [soluble urokinase
plasminogen activator recepiorn wers assessed &5 exploratory endpoints.

Results: FAMD was woll telorated with 71% 1o 95% of the participants reporing no adverss sects. Alter € montha, changs in ACR was compar
able between study groups [110.2 129.2, 121.5) mgfg; P= 0.45]. FMD led to a reduction of ACR in patients with microalbuminuria levels at base-
line [-30.3 (-35.7 -24.90 mglg: F < 0.06] but not in those with macroalburmanuria [434 0 (404.7 483.4) mglg: F= 0.23]. FMD reduced HOMA-IR
[-28(-58, -2.00; P= 0.05] and soluble urckinase nlasrn-nagen activator recaptor [— I:GB- 172.9, -140.4) pgmL; P < 0.05], while no change
wias observed in markers of Change ¥ was relsted 10 patient responaivenoss to
%ﬂlrrumrnem nuti:»lclw—mcm"\fHCDM.\'HF'n.=<:h.lcm:»r|[ 19(-3.7 -0.1). P< UUElINaSSUS anad

and of markers of insulin resistance, lipid cxdation, and senescence suggest the potentisl
beneficial affects of pariodic {astmg in type 2 disbetes

KeyWords: disbetic penodic fasting, insuli , dicarbony| detoodfication, lipid oxidation, senescence

Abbrevistions: AC, acylcamitines; ACR, albumin to-creatinine rase, C2. acetylcamitine. KD, diabetic kadney disease; oGFR, estimated glomorular filtration
rate; FMID, fasting-mimicking dist; Glo-1, glw:uhse -1; HOMA-IR. homeostatic model assessment of insulin resistance; M-Dist, Mediterranean diet MDS,

Zzoz eunr ol uo men B Ag | 870,50/ /61 2eBRUSUND 1121 DLACDSIDE -S0UBADE LU S0l LU0 0NG MUSDEDE; SO RY W0g DEpEoMO(])

scarn. MG duened 1: SGLT-2, sedium- glucesa cotransporter. 2 ssPAR, soluble urs
kinasa plasmi activator m:epmrDGbl B ghyaxalass-1; WEC, whit= blood calls; yH2Ax, phesphanylated histone HIAX.

Diabetic nephropathy is the most common cause of end- sodium-glucose cotransporter-2  (SGLT-2) inhibitors and
stage renal discase, and therapeutic options for slowing its angiotensin g-cnzyme inhil ar i
progression are imited to control of glycemia, lipidemia,  receptor blockers, exert nephroprotection to some degree
and blood pressure (1). Curremt therapies, in partcular, (2, 3). However, the renal benefits annibuted 1o SGLT-2
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SUMMARY
Dietary ions are | i thera-
pies for i y bowel di (IBDs). We

tested the effect of 4-day fasting-mimicking diet
(FMD) cycles on a chronic dextran sodium sulfate

tently been associated with I1BD pathogenesis (Kaplan and Ng,
2017,

Periodic fasting (PF) and fasting-mimicking diets (FMDs) have
been effective in ncreasing healthy Hespan or as therapies in
mouse models for a varety of diseases (Choi et al, 2017; Lee
and Longo, 2016 Brandhorst ot al, 2015, PMDs can reduce

(DSS)-induced murine model resulting in symp

and pathology assoclaud wllh IBD. These FMD cy-
cles reduced i increased
stem cell number, stimulated protective gut micro-
biota, and reversed intestinal pathology caused by
DSS, whereas water-only fastng increased regener-

cancer incide and ag d

immuncsenescence, & p'u:nn sided by hematopoietic stem-
cel-based regeneration (Brandhorst et al, 2015; Cheng et al.,
2014). Mareover, FMD cycles o reverse di

gression inmouse models of multiple sclerosis (MS), and type |,
andtype lldisbetes (Chai etal., 2016; Chengetal, 2017). Recent
studies also showed positive effects of a 24-hour fast on intesti-
nal stem cell funcion n young and aged mice by a fatty acd

afive and without
thok Ti of.L bacillus or
fecal rnlwbluh fruln DSS- and FMD—lrwad mice

colon
inflammation, and increased colonic stam cells. Ina
clinical trial three FMD cycles reduced markers

iated with syst i Theuﬁact
of AMD cycles on microbi iti

pathway (Minaylova et al., 2018

Here, we report on the effect of cycles of a low-calore
and low-protsin FMD in the trestment of a mouse model for
IBDelated pathology and on its affects on inflammatory
markars in humans. Our results indicate that FMD cydles
cause a reduction in intestinal inflammation, increase intesti-
nal stem cells SCs), and Dmrrnh"w expansion of bwwflclal

sulti L 1BD-
cell profile, intestinal stem cell levels and tle reversal a:‘omw_ rEeubima "
of pathohmr associated with IBD in mice, and the
y effects d in adlinical gegyts
trial shcm Dmmne for FMD cycles to ameliorate
in b FMD Cycles IBD-Associated

IBD-

INTRODUCTION

Inflammatory bowel disease (B0), which includes Crohn's dis-
sase (CD) and ulcerative colitis (UC). is associated with acute
and chronic inflammation of the intestine. Risk Bciors nclude
genatic predisposition and factors that alter gut microbicta,
such as antibiotics (Manichanh et al., 2013). Although the effect
of nutrtion on |BD remains poordy understood, diets that
causa pro-inflammatory changes in gut microbiota have consis-

2704 Ced Reports 28, 2704-2719, Masch 5, 2019 © 2010 The

This is anopen access article under the CC BY-NC-ND license nttp:

creativecommaons on

The dextran sodum suliate (DSSjnduced colis model is
commonly usad to study |BD in mice because DSS is a sulfated
polysaccharide espacially toxic to the colonic epithelium (Du-
paulChicoine J. ot al., 2010; Kablansky et al., 2016). The acute
DSS model & impemented over 1-2 weeks and is used to
acheve shon-term alterations in the intestinal bamer, whereas
the chronic DSS mouse madel is implemented over a period of
2-4 months to cause long-term effects on intestinal immunity
and damage, serving a3 an effective modal for chromic coltis
[Wirtz et al., 201 7). Because genstic factors for IBD are currently

licanses/by-nc-nd'4. 0

Inflammatory Bowel Diseases
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Intestinal Regeneration to Reduce Inflammatory Bowel Disease
Pathology. Cell Rep. 2019;26(10):2704-19 e6. doi:
10.1016/j.celrep.2019.02.019. PubMed PMID: 30840892;
PMCID: PMC6528490.
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SUMMARY

Dietary lmervmtms hm not been effective in the
of {MS). Here, we show
that periodic 3-day cycles of a fasting mmddng
diet (FMD) are ive in
afion and symptoms in a murine eupetlnsrtd mtn
immune encephalomyelitis (EAE) model. The FMD
reduced clinical severity in all mice and completely
reversed symptoms in 20% of animals. These

imp: were d with increased
corticost levels and y T (T cell
b and reduced levels of pro-i ¥

cytokines, Ty,1 and Ty17 cells, and antigen-present-
ing cdls (APCs). Moreover, the FMD promoted

i cell i and
remrelnullon in axons in both EAE and cuprizone
MS lrmdels, supportng its effects on both sup-

INTRODUCTION

Multiple sclerosis (MS) is an autsimmune disorder characterized
by T cell-mediated el and in the
NS (Friese and Fugger, 2005; P ender and Groer, 2007, Sospedra
andMartin, 2005). i it
(EAB, an animal model for MS, activated myelin-specific T, 1 and
Tw17 colls cross the blood-brain barrer and migrate into the CNB,
whers they are activated by local antigan-presenting cells (APCs)
and promote inflammation ([Dhib-Jakut, 2007, Retcher of al,
2010; Goverman, 2009 Hemmer ot al, 2002). This inlammatory
pmoeu wads to death, i and
age, which cause pc damage {Luc
“n.n=m tal, 1999, Raine and Wu, 1203). Alﬂ'n.qhugmm
[ ooll (OPC: e g mmanualh‘smum
Ihefuﬂzm fail to o info
(Chang et al, 2002; Wolswijk, 1996). Several MS treatment drugs
have been efectwe in reducing immune responses, but their
impact on long-term desase progression, accrual of imeversible

p and remy jon. We
also reDort preliminary data suggesting that an
FMD or acl‘mnx: ketogenic diet are safe, feasible,
and ffective in the ol' re-

disabiity, and immune system function remains
largely unclear, underfining the nead for novel therapeutic strate-
gies (Wingerchuk and Carter, 2014). Theralore, effective treat-
meants for M5 may require not only the mitigation of autoimmunity

but i and res

is (RRMS) p

(NCT01538355).'

ration of & Periad) los of
fasting (PF) or of a fasing mimicking diet (AVD) lasting 2 or more
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“% Protein restriction cycles reduce IGF-1 and phosphorylated Tau,
and improve behavioral performance in an Alzheimer’s disease
mouse model
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es neurodegenes

Summary

recognition and cont

hyperphosphory

In laboratory animals, calorie restriction (CR) protects against
sging, oxidative stress, and neurodegenerative pathologies.
Reduced levels of growth hormone and IGF-1, which mediate
some of the protective effects of CR, can also extend longevity
snd/or protect against age-relsted diseases in rodents and
humans. However, severely restricted diets are difficult ©
maintain and are sssodated with chronkally low weight and
other major side effects. Here we show that 4 months of perlodic
protein restriction cycles (PRCs) with supplementation of nones-
sential amino scids in mice slready displaying significant cogni

tive impaiment and Alzheimer's disease (AD)-like pathology
reduced crculsting IGF-1 levels by 30-70 % and caused an 8-fold
increase in IGFBP-1. Whereas PRCs did not affect the levels of p  © ay have a reduced risk of developing AD (Luchsinger
amyloid (Af), they decreased tau phosphorylation in the hippo- X
campus and alleviated the age-dependent impairment in cogni

tive performance. These results indkate that periodic protein
restriction cydes without (R can promote changes in clrculating
growth factors and tau phospharylation associated with protec
tion against age-related neuropathologles.

Key words: aging: alzheimer; IGF-1; IGFBP-1; protein restric-
tion; tau
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SUMMARY

The effects of fasting-mimicking diet (FMD) cycles in reducing many aging and disease risk factors indicate it
could affect Alzheimer's disease (AD). Here, we show that FMD cycles reduce cognitive decline and AD pa-
thology in EAFAD and 3xTg AD mouse models, with effects superior to those caused by protein restriction
cycles. In 3xTg mice, long-term FMD cycles reduce hippocampal Ap load and hyperphosphorylated taw,
enhance genesis of neural stem cells, decrease microglia number, and reduce expression of neuroinflamma-
tory genes, including superoxide-generating MADPH oxidase (Nox2). 3xTg mice lacking Nox2 or mice treated
with the NADPH oxidase inhibitor apocynin also display improved cognition and reduced microglia activation
compared with controls. Clinical data indicate that FMD cycles are feasible and generally safe in a small
group of AD patients. These results indicate that FMD cycles delay cognifive decline in AD models in part
by reducing neurcinflammation and/or superoxide production in the brain.

INTRODUCTION tive demage, synaptic degeneration, and neuronal death, ulti-
mately affecting the leaming and meamory functions of the core-
Alrheimer's disease AD) sa neurodegenarative disease charac-  bral cortex and I‘lpDDcarDIE (Cline et al., 2018} The 3xTg-AD

terized by the accumulation of amyloid-beta (Af) via A oligo- mouse Both Ap and tau charac-
mers joAfl) that can be toxic in their fibrillar form (Gong of al,  teristic of the human disease (Oddo et al . 2003; Stemiczuk ot o
2003) or aggregate o form amyloid plagues and Flunme the 20101 In contrast, the EFAD-Tg ml.:semclaﬂ-:u"ans et al
g'nmbm of hypephosphoryiated tau protein ("I 1, 2014} 2012) can have differant human APOE allsles (APOE2, APDES,
i 0 ) leadto id, APOE#) knocked into the SxFAD-Tg mice (Oakley =t al., 200§,
;I Ceadl ey 40, IH-IIT SEIQMWZ." 2:322 o 2022 Iheautmr; I
b This is an apen access arlicle under the CC BY-NC-ND license (i e
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perimental group) and the other 10 to psychotherapy
only (i.e., contral group). Patients in both groups received
20 individual sessions of functional therapy alang with
nutrition consultation. Patients in the control group were
instructed to maintain their usual daily diets.

Results: Both treatments were effective in reducing
depression as well 25 increasing self-esteem and quality
of life The experimental group showed improved self-
esteem and psychological quality of life as well as a
reduction in their mean body mass index, in comparison

to the control group.
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