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Abstract

Obesity, a worldwide public health problem is often associated with the metabolic
syndrome. Indeed, infiltration of immune cells within obese adipose tissues participates to
the establishment of a chronic sub-inflammatory environment leading to insulin resistance.
As in various inflammatory disorders, fasting regimens have demonstrated their beneficial
effects in reducing obesity and its subsequent metabolic syndrome, through reduction
of inflammation in white adipose tissues. In this review, we will highlight how caloric
restriction can be protective against obesity associated inflammation and metabolic
syndrome.

Background: Obesity is dependent on genetic factors, lifestyle, and diet. Increased
incidence of obesity and its subsequent complications, such as type 2 diabetes (T2D),
are a worldwide public health problem, as one third of the population in some developed
countries is obese, i.e: having a body mass index (BMI) more than 30 kg/m?. Interconnection
of obesity with metabolic alterations or diseases, such as T2D, dyslipidemia, hypertension,
and atherosclerosis is widely recognized, as the metabolic syndrome.' Moreover, obesity is
also known to be a risk factor of systemic or organ inflammation.
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Introduction

White Adipose Tissue (WAT) inflammation is considered as the
causal event leading to insulin resistance, and T2D.? Indeed, obese
WAT becomes heavily infiltrated by a variety of immune cells,® with
macrophage infiltration occurring at an advanced stage and driving
inflammation., In contrast, T cells are likely to play a regulatory
role,” since lean AT are infiltrated by anti-inflammatory CD* Foxp**
regulatory T cells (Tregs) and Th2 cells, secreting both IL-10, a
cytokine known to improve adipocyte insulin sensitivity.® In contrast,
CD* T cell accumulation in AT from obese subjects is known to
precede macrophage infiltration, and contribute to WAT inflammation
through macrophage recruitment.” Besides their function as fat
repositories, adipocytes can also be considered as endocrine cells
that secrete numerous adipokines involved in the regulation of
metabolic homeostasis, with IL-6 and leptin being pro-inflammatory
while adiponectin is anti-inflammatory.® Therefore, a crosstalk
between adipocytes and immune cells that infiltrate WAT may govern
homeostasis under physiological conditions, but contribute to the
establishment of a chronic sub-clinical inflammation, a prerequisite
for insulin resistance, during obesity. A recently discovered T-cell
lineage playing a central role in WAT inflammation corresponds to
the T-helper 17 (Th17) cell subset,” which mainly secretes IL-17A
and IL-17F pro-inflammatory cytokines."” IL-17A/F play a crucial
role against extracellular bacterial or fungi infections but also induce
secretion of other pro-inflammatory cytokines such as IL-1f and IL-6,

by a variety of immune and non-immune cells, including monocytes,
stromal cells, adipocytes and stem cells, which all express IL-17A/F
receptors.'’ Th17 cells have been implicated in the pathogenesis of
various autoimmune diseases, such as psoriasis, multiple sclerosis
and/or rheumatoid arthritis.'>!3 Interestingly, IL-17A secretion was
demonstrated to be increased not only in the periphery of obese
patients,' but also within their WAT." IL-17A has also been suggested
to favor the development of insulin resistance, through down-
regulation of multiple pro-adipogenic transcription factor expression,
such as PPARy, C/EBPa, leading to inhibition of adipogenesis.'®
Recently, we have reported that adipose stem cells (ASC) from obese,
but not lean donors, contribute to Th17 promotion through contact-
dependent interactions and soluble factor secretion.!” ASC-mediated
IL-17A secretion was associated with increased secretion of IL-1§
by monocytes and IL-6 by ASC (Figure 1A). Interestingly, IL-17A
secretion was also found to be increased in the stromal vascular
fractions (SVF) of obese, but not lean subjects.'”!®

Dietary restrictions and inflammation
Systemic effects

Caloric restriction (CR) is an effective intervention in the
management of inflammatory, and or auto-immune diseases. Indeed,
fasting appears to play a role in reducing inflammation, likely resulting
from different mechanisms. The possible antioxidative effect of
fasting was evaluated by Faris, in 50 Ramadan fasters avoiding food
for almost 12 hours per day during a 28-day period."” Systemic pro-
inflammatory cytokines IL-1p, IL-6, and TNF-a, were measured 7-d,
21-d, and 1-month after Ramadan fasting. Reduced IL-1p, IL-6, and
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TNF-a levels were observed after 21 day fasting and decreased 1L-6
levels were maintained 1 month after Ramadan fasting, indicating
sustained effects of fasting on systemic inflammation. Supporting
these results, another study by Dogan et al. demonstrated, that
intermittent CR in rodents resulted in decreasing serum IL-6 and
TNF-a levels by 24-fold, and 11-fold lower, respectively, as compared
to ad-libitum fed mice, together with reducing IGF-I and leptin
levels.? Moreover, a positive correlation between IL-6 /TNF-a levels
and body weights was observed, suggesting that beneficial effects
of CR may be related to regulation of pro-inflammatory cytokine
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pathways. Heat-generated advanced glycation end products (AGE)
can also contribute to induction of inflammation in multiple organs,
such as pancreas, heart, vessels, kidney and/or retina. They can be
induced by dietary glycotoxins, but diet restriction was demonstrated
to suppress their induction.?! The reduction of inflammatory markers
under CR might reduce metabolic syndrome linked to obesity and
overfeeding. Finally, besides its effects on chemotherapy toxicity?? by
reducing IGF-1, insulin, glucose levels, and increasing ketone body
levels - fasting appears to protect against oxidative stress-induced
DNA damage and carcinogenesis.”
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Figure | T helper cell (Th)|7 activation in obese adipose tissue (AT) is reversed by short-term fasting. (A) Obese adipose stem cells (ASC) polarize AT-
infiltrating CD4+ T cells towards IL-17A-secreting Th17 cells and increase IL-1{ secretion by monocytes, which amplify IL-17A secretion. In turn, IL-6 secretion
is increased in ASC, together with increased resistance to insulin, and inhibition of adipogenesis (from Eljaafari et al model). (B) ob/ob mice were fed or fasted
overnight and IL-17A secretion was evaluated in stromal vascular fraction derived from visceral AT after phytohemagglutin (PHA) activation during 48 hours.
Short-term fasting mice markedly suppressed pro-inflammatory IL-17A secretion.

Effects of fasting on organ inflammation

Obesity leading to metabolic syndrome is a risk factor for several
diseases as liver, heart diseases, rheumatoid arthritis (RA) and stroke.
In liver, alternate day food restrictions were shown to suppress the
expression levels of Toll-like-receptor 4 (TLR-4) and nuclear factor
kB (NF- kB) protein in the liver and pro-inflammatory genes, such as
IL-1B, TNF-q, and serum amyloid A (SAA).*

Similar results were obtained in heart, using an animal model
of myocardial infarction (MI), where intermittent fasting was
tested. The size of the ischemic infarct 24-h following permanent
ligation of a coronary artery was significantly smaller and markers
of inflammation, i.e. infiltration of leukocytes in the area at risk
and plasmatic IL-6 levels, were reduced in intermittent fasted rats
compared to controls.” Moreover, intermittent fasting resulted in
increased levels of circulating adiponectin after MI, with adiponectin
being considered as an anti-inflammatory adipokine.

RA is a chronic inflammatory disease where synovium
inflammation plays a predominant role. Obesity leading to metabolic
syndrome is a risk factor of RA, since obese RA patients displayed
more active and severe RA disease than lean RA patients.”*?” In RA
patients, synovial levels of IL-6 are high. IL-6 has a preponderant
role in regulating the acute phase response, activation of T-cells, and

proliferation of synovial fibroblasts. A 7-day fasting in 10 patients
with RA, significantly reduced serum IL-6 and CRP levels, resulting
in significant decrease of TNF-a in synoviocytes.?® In another study,
8-day fasting was clinically evaluated in RA patients and resulted in
decreased disease activity scores.”

In stroke, pro-inflammatory cytokines and chemokines, are quickly
produced by neuronal, glial and endothelial cells following an ischemic
event, due to the presence of high levels of intracellular Ca*" and ROS,
in addition to a low oxygen environment in the brain (hypoxia). CR
was shown to protect and improve neuronal survival from glutamate
toxicity in rodent models through increasing neurotrophic factors
such as BDNF and B-FGF resulting in the activation of transcription
factor cyclic AMP response element binding (CREB) protein.>

Effects of fasting on adipose tissue inflammation and
metabolic syndrome

AT responds dynamically to changes in nutrient availability, through
triglyceride stockage or lipolysis. Thus overfeeding reduces lipolysis,
and dyslipidemic subjects have larger subcutaneous adipocytes than
controls.’! Food restriction appears able to (i) increase lipolysis
resulting in reduction of adipocyte size, (ii) increase adiponectin
secretion, and (iii) reduce leptin, IL-1f, IL-6, VEGF-a, MCP-1 and
CD-68 expression in WAT.*? Accordingly, insulin sensitivity was
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improved, together with decreased blood glucose levels, in a 6 months
twice—weekly CR diet.® IL-17A secretion is also increased in obese
WAT, as reported by us and others.!“*!51718 Therefore, using our
previously experimental model able to promote Th17 cell activation
in obese WAT,"” we analyzed the effects of overnight fasting in
genetically modified ob/ob mice and observed a marked reduction in
IL-17A secretion (Figure 1B), suggesting that short-term fasting can
be sufficient enough to inhibit Th17 cell activation in WAT. Finally,
CR seems also able to reduce WAT inflammation even in non-obese
individuals, as assessed by sterile inflammation models, where the
effects of fasting on WAT inflammation have been tested in stressed
rat. Indeed, fasting reduced visceral WAT TNF-o, and subcutaneous
WAT IL-1p, as well as plasmatic insulin and leptin levels.**

Altogether these studies indicate that dietary restrictions may
be useful for reducing the risk of acute or chronic inflammatory
diseases, notably in obese individuals. Indeed, human and animal
models as well, have enabled the demonstration that fasting regimens
can modulate systemic, and/or tissue inflammatory processes, and
improve metabolic markers.
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