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Sedentary lifestyle coupledwith excessive consumptionof high caloric foodhas been related to the
epidemic increase of non-alcoholic fatty liver disease, which can progress from simple steatosis to
non-alcoholic steatohepatitis (NASH), fibrosis, cirrhosis and, eventually, may culminate in
hepatocellular carcinoma. Although the precise mechanisms underlying the progression of NASH
are not completely understood, endoplasmic reticulum (ER) dysfunction seems to play a key role in
the process. Hepatic ER stress has been associated to hepatic steatosis, insulin resistance,
inflammation, oxidative stress and hepatocyte death, contributing to liver dysfunction. Physical
exercise seems to be the most effective preventive and therapeutic non-pharmacological strategy
to mitigate several features related to NASH, possibly targeting most of the referred mechanisms
associated with the pathophysiology of ER-related NASH. Nevertheless, little is known about the
impact of physical exercise on NASH-related ER stress. In this review, wewill discuss the ER stress
associated to NASH conditions and highlight the possible benefits of physical exercise in the
attenuation and/or reversion of NASH-related ER stress.
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1. Introduction

Sedentary lifestyle coupled with excessive consumption of
high-caloric diets has been linked to the manifestation of
metabolism-related pathological signs, including those char-
acterizing non-alcoholic fatty liver disease (NAFLD) [1–3]. The
relevant role of liver in systemic metabolic regulation argues
for the association of NAFLD and metabolic dysfunction [3,4].
NAFLD represents the hepatic manifestation of the metabolic
syndrome, which includes central obesity, hypertension,
glucose intolerance and dyslipidemia, in addition to pro-
inflammatory and pro-trombotic states, and comprises an
increased risk for type 2 diabetes mellitus (T2DM) and
atherosclerotic cardiovascular events [4–8]. In this scenario,
elevated levels of circulating free fatty acids, and their
consequent uptake by the liver, appears to play a major role
in the development and progression of hepatic steatosis and
insulin resistance [8–11]. In fact, aberrant hepatic lipid droplet
accumulation has been associated with NAFLD that can
progress from steatosis to non-alcoholic steatohepatitis
(NASH), fibrosis, cirrhosis and, eventually, to hepatocellular
carcinoma [2,8,12,13]. While hepatic steatosis, insulin resis-
tance and oxidative stress characterize both NAFLD and
NASH, NASH, in particular, is also associated with increased
production of inflammatory mediators, increased apoptotic
signaling and fibrosis in the liver [2,12]. Mitochondrial dysfunc-
tion seems to be involved in the onset and/or progression of
NASH [14–16]. Additionally, prolonged endoplasmic reticulum
(ER) dysfunction is also implicated in the regulation of liver lipid
metabolism as well as in the development of steatosis and
NASH [13,17–23].

ERhas an important role as a sensor of cellular stress [24–26].
Under pathological and/or stressful conditions, in which the
demand of protein synthesis is increased (e.g. NASH), an
imbalance between the load of needed protein-folding and the
response-related capability of the ER can lead to the accumu-
lation of immature and/or misfolded proteins within the ER
lumen [22,25,26]. This results in compromised functionality of
this organelle and decreasedmitochondrial function, ultimate-
ly leading to liver dysfunction [19,24]. Under both unmitigated
ER and mitochondrial dysfunctions, restoration of ER homeo-
stasis fails and the activation of the apoptotic signaling occurs
[19,27]. Therefore, critical steps of ER dysfunction-related
signaling pathways could be interesting therapeutic targets
in NASH [28].

Several epidemiological and observational studies suggest
that physical inactivity associates with obesity, inflamma-
tion, insulin resistance, T2DM and NASH [2,21,22,29]. On the
other hand, interventional studies demonstrate that regular
physical exercise has the potential to modulate several
features related to the metabolic syndrome and NASH. In
particular, it decreases both oxidative stress and inflamma-
tion, improves insulin sensitivity and reverses mitochondrial
and ER dysfunctions [30–38].

In this review, we briefly discuss the ER dysfunction-
induced NASH and the related inflammation, insulin resis-
tance, oxidative stress and apoptotic signaling pathways.
Thereafter, besides a brief presentation on exogenous chem-
ical chaperones as relevant pharmacological interventions,

we present and discuss detailed data that highlight the
benefits of chronic regular physical exercise as a non-
pharmacological therapeutic tool in the prevention, attenua-
tion and/or reversion of NASH-related ER dysfunction and its
associated deleterious consequences.

2. ER stress-induced unfolded protein response

Besides being a critical site for intracellular storage of calcium
in the cell, the ER is also a vast dynamic and tubular network
responsible for the synthesis, maturation, quality control and
trafficking of a wide range of proteins. Therefore, the ability of
the ER to adapt and manage adverse conditions is vital for the
cell [21,26]. Only correctly folded proteins exit the ER to their
final destination. So, unfolded and misfolded proteins are
either retained in the ER lumen, with the molecular chaper-
ones, to be correctly refolded or directed toward proteasomal
degradation, in a process called ER-associated degradation
(ERAD) [39]. Under pathological and/or stressful conditions,
such as NASH, and due to the high demand for protein
synthesis, folding and/or repair, decreased efficiency in the ER
protein-folding, quality control and/or trafficking machinery
is observed, most particularly in highly metabolic tissues (like
the liver). This leads to a cellular perturbation termed ER stress,
which results in the accumulation of unfolded and/or
misfolded proteins [20–22,26,40]. In an attempt to restore
homeostasis, ER elicits an elaborated adaptive response collec-
tively known as the unfolded protein response (UPR) [26,40]. The
UPR is characterized by the activation of three distinct signal
transduction pathways mediated by three transmembrane
sensors: protein kinase RNA-activated (PKR)-like ER kinase
(PERK), inositol requiring enzyme (IRE) 1 and activating tran-
scription factor (ATF)-6 [19,26]. In coordination, the three
branches of the UPR regulate the transcription of various
genes involved in the expansion of ER, the decrease of protein
synthesis and the increase of protein folding capability and the
degradation of terminally unfolded and misfolded proteins
within ER [19,26,40].

In the absence of ER stress, the three transmembrane UPR
sensors are maintained in an inactive state through binding to
the ER chaperone binding immunoglobulin protein (BiP) [24].
However, when the protein load in the ER overcomes the ER
folding or quality control capability, BiP detaches activating the
UPR. This event results in the oligomerization and activation of
both PERK and IRE1 through trans-autophosphorylation while
ATF-6 translocates to the Golgi complex [26].

When activated, PERK phosphorylates the eukaryotic trans-
lation initiation factor-2 (eIF2)α, leading to immediate transient
attenuation of protein synthesis, and, subsequently, prevents
continued influx of newly synthesized polypeptides into the ER,
thus reducing the ER workload [21,22,24,39]. However, consid-
ering that some level of protein-synthesis should be main-
tained, this pathway selectively induces the translation of ATF-
4 and the expression of genes involved in ER redox control
[endoplasmic reticulum oxireductin 1 (ERO1) and nuclear
erythroid 2 p45-related factor (Nrf2)] [24,41,42]. Additionally,
the PERK pathway is also responsible for cell recovery from
protein synthesis shut-off through dephosphorylation of eIF2α
[by growth arrest andDNAdamage-inducible protein (GADD34)].

781M E T A B O L I S M C L I N I C A L A N D E X P E R I M E N T A L 6 4 ( 2 0 1 5 ) 7 8 0 – 7 9 2



Download English Version:

https://daneshyari.com/en/article/2805651

Download Persian Version:

https://daneshyari.com/article/2805651

Daneshyari.com

https://daneshyari.com/en/article/2805651
https://daneshyari.com/article/2805651
https://daneshyari.com

