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ARTICLE INFO ABSTRACT
Arﬁd_e history: Recent studies have indicated that the regulation of innate immunity and energy metabolism are connected 24
Received 24 May 2013 together through an antagonistic crosstalk between NF-kB and SIRT1 signaling pathways. NF-«B signaling has 25
Acc?lp:ld 411‘?“8 2013 a major role in innate immunity defense while SIRT1 regulates the oxidative respiration and cellular survival. 26
Available online xxxx However, NF-kB signaling can stimulate glycolytic energy flux during acute inflammation, whereas SIRT1 activa- 27
Kevwords: tion inhibits NF-kB signaling and enhances oxidative metabolism and the resolution of inflammation. SIRT1 in- 28
Ag}i)ng ' hibits NF-kB signaling directly by deacetylating the p65 subunit of NF-xB complex. SIRT1 stimulates oxidative 29
Inflammation energy production via the activation of AMPK, PPARa and PGC-1ax and simultaneously, these factors inhibit 30
Metabolic disease NF-kB signaling and suppress inflammation. On the other hand, NF-<B signaling down-regulates SIRT1 activity 31
NF-kB through the expression of miR-34a, IFN, and reactive oxygen species. The inhibition of SIRT1 disrupts oxidative 32
SIRT1 energy metabolism and stimulates the NF-kB-induced inflammatory responses present in many chronic metabolic 33
and age-related diseases. We will examine the molecular mechanisms of the antagonistic signaling between NF-<B 34
and SIRT1 and describe how this crosstalk controls inflammatory process and energy metabolism. In addition, we 35
will discuss how disturbances in this signaling crosstalk induce the appearance of chronic inflammation 36
in metabolic diseases. 37
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1. Introduction

There are emerging studies demonstrating that there is a close
molecular coordination between different phases of inflammation
and the energy metabolic supply [1-3]. Inflammation is an innate
host defense mechanism mounted against infections and a variety
of tissue injuries. The inflammatory process involves distinct stages,
such as acute, adaptive, and resolution phases, and moreover, inflam-
mation can proceed to a chronic condition, e.g. in autoimmune dis-
eases and many metabolic and age-related degenerative diseases.
The NF-«B system has a critical role in regulating the innate immunity
responses provoked by immune cells in host tissues [4]. There is
abundant evidence indicating that NF-kB signaling can also control
energy metabolic shifts in coordination with SIRT1, a major regulator
of energy metabolism and tissue survival [5-7].

The NF-KB signaling pathway and SIRT1 enzyme are evolutionarily
conserved mechanisms in the maintenance of cellular homeostasis.
This means that these signaling pathways interact to integrate energy
metabolism to immune responses and it seems that the regulation is
disturbed in many chronic diseases, such as obesity, type 2 diabetes,
and atherosclerosis [5,8]. Interestingly, NF-B and SIRT1 demonstrate
the characteristics of antagonistic crosstalk, i.e. NF-<B is driving a
pro-inflammatory phenotype with glycolytic metabolism, whereas
SIRT1 supports oxidative respiration and anti-inflammatory responses,
also enhancing the resolution of inflammation (Fig. 1). This antagonism
is crucial for the survival of the organism since the ability to respond
promptly to aggressive pathogens and tissue damage requires quick
switches in energy production. On the other hand, the acute inflamma-
tory condition needs to be resolved when the threat has disappeared,
if not, this can lead to detrimental chronic inflammation, as observed
in many metabolic diseases. We will examine the mechanisms of antag-
onistic signaling between NF-kB and SIRT1, and how the innate immu-
nity responses are coordinated with energy metabolism. Moreover, we
will briefly discuss how disturbances in this crosstalk can lead to
chronic inflammation in metabolic diseases.

2. Antagonistic crosstalk between SIRT1 and NF-«xB

SIRT1 and the NF-<B system represent ancient signaling pathways
which regulate metabolic and inflammatory networks in mammals
through mutually opposing control mechanisms. SIRT1 can inhibit
NF-KB signaling directly or indirectly, in turn the NF-<B system sup-
presses SIRT1-mediated functions by inhibiting the downstream targets
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Fig. 1. A schematic presentation on the antagonistic regulation between NF-xB and
SIRT1 signaling in the control of inflammation and metabolic responses.

of SIRT1. Given that SIRT1 and NF-B signaling have antagonistic char-
acteristics, these pathways control many of the physiologically relevant
metabolic and inflammatory switches required for the maintenance of
cellular and organismal homeostasis.

2.1. SIRT1 inhibits NF-KB signaling

In their seminal study in 2004, Yeung et al. [9] demonstrated that
SIRT1 could directly interact with and deacetylate the RelA/p65 com-
ponent of the NF-kB complex. The deacetylation of Lys310 inhibited
the transactivation capacity of RelA/p65 subunit and consequently
suppressed the transcription of the NF-B-dependent gene expres-
sion. Moreover, deacetylation of Lys310 in the RelA/p65 protein
exposed it to methylation at Lys314 and Lys315 which enhanced its
ubiquitination and degradation [10]. A plethora of recent studies
have confirmed that SIRT1 indeed inhibited the NF-xB signaling, and
the activation of SIRT1 could alleviate a multitude of NF-«B-driven
inflammatory and metabolic disorders [11-14] (Fig. 2). This implies
that SIRT1 activators could exert significant benefits in the treatment
of metabolic and inflammatory disorders.

Yeung et al. [9] made another important observation when they
reported that SIRT1 was localized to NF-kB sites in the promoter of
CIAP-2 gene. Additionally, resveratrol, an activator of SIRT1, caused
the loss of acetylation at H3K14, and consequently suppressed the
transcription of the cIAP-2 gene after TNF-a treatment. Moreover,
they revealed that the SIRT1 recruitment to the NF-«B sites in chro-
matin was a promoter-specific event since SIRT1 was not present in
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Fig. 2. The major signaling pathways mediating the antagonistic regulation between
NF-«B and SIRT1. See Abbreviations.
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