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Liver disease causes millions of deaths worldwide each year, rep-
resenting 4 % of all deaths. The main causes of death from liver dis-
ease are complications, such as cirrhosis and hepatocellular
carcinoma (HCC) [1]. The most common causes of cirrhosis world-
wide are viral hepatitis, alcohol abuse, and non-alcoholic fatty liver
disease [1]. However, despite the significant public health problems
that liver diseases represent, no effective pharmacological therapies
to combat them are available. In this scenario, the search for the path-
ophysiological mechanisms involved in liver diseases can help iden-
tify cellular and molecular targets to develop new and more effective
therapies to treat hepatic illnesses and reduce mortality associated
with liver diseases. Moreover, research on the cellular and molecular
mechanisms involved in liver pathology is a rational and effective
way to identify new early non-invasive biomarkers of liver damage
to detect the pathology for opportune treatment.

Understanding the molecular pathways involved in the progres-
sion of liver pathologies has led to new approaches for treating these
diseases. For instance, fundamental researchers have found that
exacerbated reactive oxygen species (ROS) production is a common
causative factor in liver diseases. ROS attack proteins, lipids, and
DNA, leading to necrosis, steatosis, fibrosis, cirrhosis, and ultimately
HCC [2]. Therefore, antioxidants protect the liver. In this regard, fun-
damental researchers have found that deregulation of the nuclear
factor erythroid 2-related factor 2 (Nrf2) signaling pathway, a protein
involved in the body’s antioxidant response, plays a pivotal role in
the development and progression of liver diseases; therefore, the
pharmacological improvement of this pathway is associated with the
attenuation of hepatic markers of oxidative stress, inflammation,
fibrosis, and even prevention of HCC [3—-7].

Basic research has demonstrated that apoptotic and injured hepa-
tocytes release chemoattractant signals directed to cells of the
immune system that are prone to be phagocytized by Kupffer cells
and other macrophages that produce inflammatory cytokines such as
interleukins (ILs) and tumor necrosis factor-alpha (TNF-«) [8]. Proin-
flammatory cytokines stimulate the activation of the nuclear factor
kappa B (NF-«B) signaling pathway, the master inflammation factor,
triggering the expression of several proinflammatory genes, includ-
ing ILs and TNF-¢, thus exacerbating inflammation and necrosis of
liver cells [9]. Therefore, the NF-«B pathway is considered a suitable
target for the treatment of liver diseases, and several drugs that pro-
tect the liver from injury block this pathway [4,9,10].

In recent years, considerable attention has been paid to several mol-
ecules that form the inflammasome protein complex, which is responsi-
ble for the maturation of inflammatory proteins. The most studied of
these is the nucleotide-binding domain, leucine-rich-containing family,
pyrin domain-containing-3 (NLRP3). In particular, the activation of the
NLRP3 inflammasome plays a fundamental role in the development of
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liver diseases. Additionally, some studies have demonstrated that the
maturation of IL-18 by the NLRP3 inflammasome is closely associated
with the progression of liver inflammation and fibrosis. Consequently,
the NLRP3 inflammasome pathway has become a therapeutic target,
and several drugs downregulate it [10—13].

Fundamental studies have shown that activated hepatic stellate
cells (HSCs) are the main producers of extracellular matrix proteins
[14]. Therefore, the activation of these cells is considered a crucial
step in fibrogenesis and liver cirrhosis, and efforts have been made to
prevent or reverse their activation to interfere with the production of
fibrotic tissue as an antifibrotic therapy [15]. Notably, transforming
growth factor beta (TGF-f) is the most potent profibrogenic cytokine
and a key driver of the activation, migration, and proliferation of
HSCs and liver fibrosis through the activation of the TGF-8 receptor
and the phosphorylation of intracellular effector proteins called
Smads [14,16]. Different protein kinases can phosphorylate Smad3 in
the carboxyl terminus to form pSmad3C (this is the case of the TGF-8
receptor) or in the linker region to form pSmad3L; this phosphoryla-
tion is achieved through the activity of mitogen-activated protein
kinases (MAPK) [17,18]. pSmad3C is fibrogenic and part of the canon-
ical Smad signaling pathway. In contrast, pSmad3L is mitogenic and
triggers the proliferation of activated HSCs, exacerbating scar tissue
deposition and promoting advanced cirrhosis [18,19]. Therefore,
TGF-, has become, since its discovery, a therapeutic target to attenu-
ate fibrosis and HCC, because its inhibition downregulates the canon-
ical and non-canonical fibrogenic signaling pathways of Smads
proteins [20—22].

These examples demonstrate the importance of basic science and
the impact of fundamental knowledge of molecular pathways on the
development of molecular pharmacology. Owing to the knowledge of
the different signaling pathways, we now know that pharmacologi-
cally modulating the molecular signaling of Nrf2 and NF-«B pathways
can reduce oxidative stress and inflammation [3,4,6,7]. By regulating
the activation of the NLRP3 inflammasome pathway, it is possible to
reduce liver inflammation, fibrosis, and HCC [11]. In addition, by
modulating the MAPK/TGF-8 signaling pathways, the activation of
HSCs and fibrogenesis can be reduced [10,22,23].

Based on basic science studies, several biomarkers of liver damage
have been proposed; for example, alpha-smooth muscle actin, which
is an indicator of HSC activation, is a potentially reliable and non-
invasive biomarker for detecting early liver fibrosis [24]. In addition,
fundamental pharmacological research has successfully incorporated
docking molecular techniques into various drug discovery programs
[25]. Using molecular docking, the conformations of ligands adopted
within the binding sites of the macromolecular targets were studied
computationally [25]. The combination of computational and experi-
mental methods is useful for elucidating new mechanisms of action
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and for providing potential targets for the development of new thera-
peutic compounds [10,25].

Based on experimental pharmacology and basic research, new
molecular targets can be discovered, therapeutic agents evaluated,
and new markers of damage can be proposed for the treatment of
liver diseases. In this regard, elucidating the molecular pathways
involved in the development of liver diseases and the molecular
mechanisms by which different compounds can affect these path-
ways will make pharmacological interventions more rational and
specific, allowing for more effective and less toxic therapies. There-
fore, the integration of basic and clinical sciences is essential for
improving patient therapy, thereby reducing mortality associated
with liver diseases.
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