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Abstract
Purpose of Review This review provides an overview of the different aspects involved in the crosstalk between fibrogenesis,
angiogenesis, and inflammation, contributing to liver disease progression.
Recent Findings Fibrosis, characterized by abnormal and excessive deposition of extracellular matrix, results in compromised
tissue and organ structure. This can lead to reduced organ function and eventual failure. Although activated hepatic stellate cells
are considered the central players in fibrosis, the participation of other cell types and co-existing pathogenic processes to the
initiation and progression of fibrosis has become increasingly recognized.
Summary Understanding the pathophysiology of fibrosis and the molecular bases of hepatic stellate cell activation is essential to
define novel andmore efficient targets of antifibrotic therapy to reduce incidence, morbidity, andmortality of the people suffering
from chronic liver disease.
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Introduction

Chronic liver diseases are pathological processes that are char-
acterized by the progressive destruction and regeneration of
liver parenchyma resulting in the appearance of fibrosis and,
in the longer term, cirrhosis [1••, 2].

A common trigger of the process, whatever its etiology
(alcohol, viral infection, non-alcoholic steatohepatitis, or oth-
er), is liver damage that produces an inflammatory reaction.
Continuous and repeated insults to the liver can lead to a
scarring process with dysregulation of the synthesis and deg-
radation of extracellular matrix resulting in its excessive de-
position: fibrosis [1••, 2].

Chronic liver disease can progress to cirrhosis through in-
creasing degrees of fibrosis, with alteration of the normal he-
patic parenchymal architecture and formation of regenerative

nodules surrounded by fibrous septa. This context favors the
appearance of increasingly large hypoxic areas which, in turn,
will promote vascular remodeling of the liver through angio-
genesis. Angiogenesis and the formation of abnormal
angioarchitecture have been widely described to be closely
linked to progressive fibrosis and are considered major deter-
minants of hepatic dysfunction and irreversibility in cirrhosis
[3, 4].

This complex process involves all the cellular types of the
liver, among which a series of relationships are established
driving all the events described. The liver microenvironment,
represented by the different cell types and the matrix scaffold-
ing that supports them, becomes an interaction complex with a
myriad of molecular signals, including autocrine, paracrine,
endocrine, and cell–cell contacts that conduct the responses
leading from liver damage to cirrhosis [5].

Cellular Crosstalk in the Liver

The particular structure of the liver sinusoid and its
perisinusoidal space, the space of Disse, favors and promotes
the communication between the different cell types of liver
[6]. Thus, a crosstalk is established between hepatocytes, liver
sinusoidal endothelial cells, hepatic stellate cells, Kupffer
cells, and cholangiocytes, in both physiological and
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pathological situations. Through this crosstalk, a scenario is
generated among the different cell types in which each one
becomes the regulator of the others by means of a variety of
growth factors, cytokines, and other signals. For example, the
secretion of vascular endothelial growth factor (VEGF) by the
hepatocytes contributes to the maintenance of the normal phe-
notype of the liver sinusoidal endothelial cells or the produc-
tion of reactive oxygen species and proinflammatory cyto-
kines by hepatocytes, Kupffer cells, or sinusoidal endothelial
cells in response to cell damage. This promotes the activation
of hepatic stellate cells and their differentiation into a
myofibroblastic phenotype [1••, 5, 7–9].

A large number of ligand-receptor relationships have been
described between liver cells, a fact that reflects the complex
crosstalk that occurs in this organ, whether in healthy or path-
ological conditions [10••]. A recent study by Xiong and col-
laborators developed a global map of secretome gene expres-
sion in the liver of mice with non-alcoholic steatohepatitis.
This map revealed that, in addition to the known crosstalk
through factors secreted by resident cells, ligands of extrahe-
patic origin may play very important roles in the regulation of
the biology of different hepatic cell types, since numerous
endocrine and neuroendocrine receptors were detected in
non-parenchymal cells of the liver [8].

Recent studies also point to extracellular vesicles as critical
mediators of cellular crosstalk in the diseased liver [11, 12].
As an example, Witek and collaborators found that hepatic
stellate cells and cholangiocytes release exosomes containing
Hedgehog ligand to liver sinusoidal endothelial cells leading
to endothelial dysfunction in cirrhosis [13].

In summary, the different cell types of the liver, whether in
physiological or pathological conditions, establish a complex
and multidirectional cell crosstalk that allows each one to
influence the others, a fact that explains the relationship be-
tween the different processes involved in the progression of
chronic liver disease [14, 15].

In this review, we discuss each of the components of the
process from liver damage to fibrosis and cirrhosis (inflam-
mation, fibrogenesis, hypoxia, angiogenesis), focusing on
how each one is related to the others, paying special attention
to the close relationship between angiogenesis and fibrosis
(Fig. 1).

Inflammation

Inflammation in response to liver damage is a common trigger
of many chronic liver diseases and an important driver of the
progression from damage to fibrosis and cirrhosis. Different
cell types in the liver, including Kupffer cells or hepatic stel-
late cells, respond to acute or chronic insults by releasing
proinflammatory cytokines to kick-start the healing process
after tissue damage and to recruit circulating inflammatory

cells. Activated Kupffer cells (liver-resident macrophages) se-
crete, in addition to inflammatory cytokines, reactive oxygen
species and factors such as platelet-activating factor, which
are strong activators of angiogenesis [16, 17].

Targeting macrophages to treat liver disease has become
one common strategy in many recent studies. The recruitment
of monocyte-derived macrophages is a well-known mecha-
nism of hepatic inflammation perpetuation and fibrogenesis
promotion through activation of hepatic stellate cells, in re-
sponse to secretion of proinflammatory cytokines by the re-
cruited macrophages [10••, 18, 19]. Ehling and colleagues
demonstrated that when inhibiting monocyte infiltration to
the liver upon induction of hepatic damage, angiogenesis but
not fibrogenesis was attenuated. This study showed that infil-
trating CCL2-dependent inflammatory monocytes also pro-
vide proangiogenic signals, such as the production of
VEGF-A or matrix metalloproteinase-9 (MMP9), which me-
diate fibrosis-associated angiogenesis. According to these re-
sults, inflammation-associated angiogenesis is thought to be
involved in the earlier stages of fibrosis [18].

Toll-like receptor 4 (TLR4) signaling pathway activa-
tion by bacterial endotoxin (lipopolysaccharide) plays an
important role in chronic and acute inflammatory disor-
ders. It is expressed in several cell types of the liver and
one of its functions is to mediate the production of proin-
flammatory cytokines. It has been well characterized in
Kupffer cells and hepatic stellate cells [20••], but a study
by Jagavelu and collaborators focused in the role of TLR4
in the liver endothelial cells. By inhibiting TLR4 signaling
in mouse models of liver fibrosis, the authors observed a
decrease in angiogenesis in parallel with fibrosis, provid-
ing a link between both processes mediated by TLR4 sig-
naling in endothelial cells [21].

Fibrogenesis

As already mentioned above, liver fibrosis is described as the
excessive deposition of fibrillar extracellular matrix as a con-
sequence of persistent inflammation and sustained liver dam-
age that leads to an exaggerated process of tissue repair with
the main goal of preserving the continuity of the tissue. This
accumulation of fibers delimits regenerative parenchyma nod-
ules, isolated areas of liver tissue, altering the normal archi-
tecture and functions of the organ. It occurs in most types of
chronic liver diseases and represents the initial steps in the
process that leads to cirrhosis and, eventually, hepatocellular
carcinoma [22].

Hepatic stellate cells are the liver-specific pericytes playing
a key role in the initiation, progression, and regression of liver
fibrosis. These cells represent between 5 and 8% of the total
liver cells. They are located in the subendothelial space of
Disse, defined as the space between the liver sinusoidal
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endothelial cells and the parenchymal cells. In a healthy adult
liver, the main functions of quiescent liver pericytes are stor-
age of retinols or vitamin A in cytoplasmic lipid droplet, reg-
ulation of sinusoidal blood flow (with their cytoplasmic ex-
tensions located along and around the sinusoids), regulation of
the extracellular matrix turnover, and secretion of a variety of
cytokines and growth factors. In situations of liver injury,
hepatic stellate cells undergo a process of activation through
which they release vitamin A and acquire myofibroblastic
phenotype characterized by high proliferative, synthetic, and
contractile capacity. Although there are other sources of
myofibroblasts in the liver, such as portal fibroblasts or re-
cruited bone marrow–derived mesenchymal cells, the activa-
tion of hepatic stellate cells is considered the main one [1••].

Although hepatic stellate cell activation constitutes one
fundamental step of the development of hepatic fibrosis, other
non-parenchymal cell types in the liver, such as liver sinusoi-
dal endothelial cells or Kupffer cells and other inflammatory
cells (resident or recruited upon liver damage), also play an
important role in the regulation of fibrogenesis. Thus, the re-
sponse of the liver to damage is orchestrated through the co-
ordinated exchange of stimuli between all its different cell
types.

A key point in the study of the relationship between fibrosis
and angiogenesis is the proangiogenic activity of activated
hepatic stellate cells and other myofibroblasts and their ability
to respond to proangiogenic cytokines. The close anatomic
relationship between hepatic stellate cells and sinusoidal

endothelial cells, and the fact that stellate cells secrete
proangiogenic factors upon their activation, points to a key
role of this cell type in angiogenesis induction in association
with fibrosis progression [23, 24].

As previously commented, hepatic stellate cell contribution
to hepatic angiogenesis is not limited to stabilize and allow
new blood vessel maturation, according to their role as
microcapillary pericytes. Activated stellate cells have been
shown to increase VEGF expression during activation
[25–28]. In addition, hepatic stellate cells also increase the
expression of the VEGF type I and type II (Flt-1 and Flk-1)
receptors and the Tie-2 receptor for angiopoietin in conditions
of hypoxia [3, 28, 29]. On the other hand, the upregulation of
VEGF in response to hypoxia in hepatic stellate cells can
stimulate migration, proliferation, and chemotaxis of the stel-
late cells themselves in an autocrine or paracrine way [3, 4, 29,
30]. This fact can explain the antifibrotic effects of the block-
age of the VEGF signaling pathway. Furthermore, a study by
Taura and collaborators highlighted the interrelationship be-
tween the different processes present in the progression of
liver disease, mediated by hepatic stellate cells. The study
showed that in response to hypoxia and through HIF-1α tran-
scription factor, hepatic stellate cells overexpress VEGF and
angiopoietin. Data obtained from human and murine fibrotic
and cirrhotic livers found the presence of myofibroblastic phe-
notype cells at the edges of incomplete fibrous septa under
development, which expressed VEGF and Ang-1. The
blockade of Ang-1 signaling resulted in suppression of

Fig. 1 Link between angiogenesis, inflammation, and fibrosis in chronic liver disease. ECM, extracellular matrix; HSC, hepatic stellate cells; MMP9,
matrix metalloproteinase-9; PAF, platelet-activating factor; ROS, reactive oxygen species; VEGF, vascular endothelial growth factor
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angiogenesis, paired to a reduction in fibrosis development,
pointing at angiogenesis as a prerequisite for fibrosis in this
model [24].

Hypoxia

The changes in the normal architecture of the hepatic parenchy-
ma caused by the fibrogenic response to liver damage, with
formation of regenerative nodules surrounded by fibrous septa,
lead to a greater contribution of the hepatic artery to the sinu-
soidal circulation. This arterialization results in the
capillarization of the sinusoids, and thus, the unique phenotype
of the sinusoidal endothelial cells is lost. The progressive de-
crease of fenestrations and the formation of basement mem-
brane in these cells, together with the activation of the hepatic
stellate cells, lead to an increase in vascular resistance and the
consequent deficit of oxygen transport to the hepatic parenchy-
ma. This hypoxic environment, as previously mentioned, pro-
motes angiogenesis and vascular remodeling of the liver. Thus,
a feedback loop is established between fibrosis and pathological
angiogenesis with hypoxia as the driving force [3, 4, 29–32].

Despite the fact that hypoxia-induced angiogenesis forms
new vessels in an attempt to reoxygenate the hypoxic areas of
the liver, these vessels are immature and poorly functional so
they can hardly alleviate hypoxia. Persistent hypoxia accom-
panied by angiogenesis, inflammation, and fibrogenesis enters
a vicious circle that leads to exacerbation of the disease [3].

Hypoxia and the hypoxia-inducible factors (HIFs) play an
important role in chronic liver disease. Many studies have
described the association of hypoxia with the parallel progres-
sion of angiogenesis and fibrogenesis, since progressively
more hypoxic areas express higher levels of VEGF, to which
not only endothelial cells respond but also other cell types,
such as hepatic stellate cells or hepatocytes [3, 33–35].
Moreover, numerous studies have reported vascularization
and/or the presence of endothelial cells within fibrotic struc-
tures [33–36]. A study conducted by Moon and collaborators
demonstrated that HIF-1α-deficient mice developed less fi-
brosis. Using a model of secondary biliary cirrhosis, the au-
thors pointed that the appearance of hypoxic areas in the liver
as a result of liver damage promotes the activation of HIF. The
perpetuation of this activation leads to continuous production
of growth factors that ultimately stimulate the overproduction
of extracellular matrix and fibrosis [31].

Angiogenesis

Angiogenesis is a ubiquitous process whose purpose is the
formation of new blood vessels from the preexistent vascula-
ture [37]. It is mainly stimulated by hypoxia and driven by
growth factors. Angiogenesis occurs either in physiological

conditions or in many different pathophysiological scenarios,
including chronic liver disease [33, 38–40].

In chronic liver diseases, which are characterized by per-
sistent activation of wound healing responses, fibrogenesis,
hypoxia, and inflammation, angiogenesis plays a key role in
the intrahepatic vascular remodeling. This remodeling affects
the two differentiated vascular beds present in the liver: sinu-
soids, lined by a fenestrated endothelium of sinusoidal endo-
thelial cells that facilitates efficient hepatocyte perfusion, and
larger vessels, with continuous endothelial coating. In liver
disease, hepatic sinusoids are modified by a capillarization
process through which sinusoidal endothelial cells change
their phenotype leading to endothelial dysfunction, with de-
position of a basement membrane and loss of fenestrae [14].
The new vessels resulting of angiogenic processes originate
mostly in the branches of the portal vein and have the purpose
of establishing connections between the portal venous system
and the hepatic veins [41].

There are two main sources of proangiogenic stimulation
that explain the angiogenic processes in the liver in the context
of chronic liver disease. First, the common wound healing
response in these pathologies is characterized by the enormous
production of growth factors and chemokines, such as PDGF,
FGF, VEGF, or TGF-β1, that have strong proangiogenic ca-
pacity [42–44]. Second, hypoxia, the main stimulus for angio-
genesis, is closely linked to the development of changes in the
structure of liver parenchyma in chronic liver disease.
Therefore, the growing areas of hypoxic tissue promote the
formation of new blood vessels in the liver [3, 36, 41, 45].

In the process of neovascularization, VEGF plays a pre-
dominant role in the initial stages of formation of new blood
vessels, activating the proliferation of endothelial cells and the
subsequent formation of an endothelial tubule, while matura-
tion of the newly formed vessels is mainly modulated by the
proangiogenic growth factor platelet-derived growth factor
(PDGF), which regulates the investiture of the endothelial
tubule with pericytes, thereby stabilizing the vascular archi-
tecture of the nascent vessel. Based on these considerations, it
was hypothesized that the simultaneous targeting of the VEGF
and PDGF signaling pathways, that is, the simultaneous
targeting of endothelial cells and pericytes, could provide a
greater vascular destabilization and a better vascular regres-
sion than targeting either alone. Indeed, combined
antiangiogenic treatment directed against endothelial cells
and pericytes, using VEGF and PDGF inhibitors simulta-
neously, provides a synergistic benefit in reducing circulatory
abnormalities in portal hypertension [34]. This is due to the
fact that removal of pericyte coverage by anti-PDGF mole-
cules leads to exposed endothelial tubes, making endothelial
cells much more susceptible to anti-VEGF treatment. In this
regard, concurrent targeting of VEGFR-2 and PDGFR-β sig-
naling pathways using low doses of the multikinase inhibitor
so r a f en ib s i gn i f i c an t l y r educe s po r t o sy s t emic
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collateralization, hyperdynamic splanchnic circulation,
intrahepatic fibrosis, and portal pressure in experiments in rats
with cirrhosis [34]. These findings further suggest that in the
absence of proliferating pericytes (i.e., after PDGF signaling
inhibition), the endothelium is more vulnerable to antiangio-
genic therapies targeting endothelial cells, such as VEGF sig-
naling blockade.

Angiogenesis, Hand in Hand
with Fibrogenesis

A great number of studies from several groups point at a
connection between angiogenesis and fibrogenesis in the pro-
gression of chronic liver diseases. Both processes develop in
parallel in different human chronic liver diseases and animal
models [46–50]. The progression of fibrogenesis leading to
cirrhosis is closely linked to the formation of new blood ves-
sels (angiogenesis) and to the disturbance of the normal he-
patic vascular structure. Aberrant angiogenesis is undoubtedly
implicated in the progression of hepatic fibrosis and is consid-
ered a major determinant of hepatic dysfunction and irrevers-
ibility in cirrhosis [51].

Supporting this statement, many different antiangiogenic
strategies have been proved effective in reducing fibrogenesis
in experimental models [52]. Wang and collaborators de-
scribed the anti-fibrogenic potential in vivo and in vitro of
TNP-470, a semisynthetic analogue of fumagillin used as an
angiogenesis inhibitor. Their results showed that TNP-470
administration translated into a decrease of hepatic stellate cell
activation and proliferation, reducing the progression of he-
patic fibrosis, probably due to its antiangiogenic effect [53].

Other studies have focused in VEGF and its receptors,
since this is one of the most important proangiogenic signaling
pathways. Using neutralizing monoclonal antibodies targeting
VEGFR1 and VEGFR2, Yoshiji and collaborators demon-
strated that by blocking the union of VEGF to its receptors
(especially VEGFR2), fibrosis development was significantly
reduced in the CCl4-induced mouse model of fibrosis [23].
Using a similar strategy, it was shown that bevacizumab, a
monoclonal antibody capable of neutralizing all isoforms of
VEGF-A, inhibits hepatic stellate cell activation and attenu-
ates fibrosis in the CCl4-induced rat model of fibrosis [54].

Other authors have used multikinase inhibitors to influence
other proangiogenic signaling pathways in addition to VEGF.
It is the case of sunitinib or sorafenib [55–59]. Both bind to the
binding sites of their target kinases inhibiting their catalytic
activity. Sunitinib (SU11248) treatment on cirrhotic rats re-
sulted in a decrease of inflammatory infiltrate to the liver,
reduction of hepatic vascularization, and attenuation of the
fibrogenic response. These effects were accompanied by
downregulation of alpha-smooth muscle actin and collagen
expression in vivo and reduction of the viability of LX2 cells

(a human hepatic stellate cell line) in vitro [55, 56]. Similarly,
the treatment of common bile duct–ligated rats with sorafenib,
which potently blocks the tyrosine kinases of VEGF receptor-
2 (VEGFR-2) and PDGF receptor-β (PDGFR-β), as well as
the Raf serine/threonine kinases along the Raf/mitogen-
activated protein kinase kinase (MEK)/extracellular signal–
regulated kinase (ERK) pathway, resulted in a remarkable
improvement in liver damage and intrahepatic fibrosis, in-
flammation, and angiogenesis [57]. A subsequent study used
another fibrosis model in rats (dimethyl nitrosamine injection)
to test the effects of sorafenib, as well as in vitro on LX-2 cells.
This study confirmed the potential of sorafenib as a therapeu-
tic agent in the treatment of liver fibrosis, since the treatment
with this drug resulted in the suppression of collagen accumu-
lation, reduction of hepatic stellate cell proliferation, and in-
duction of their apoptosis [59].

Moreover, two recent studies investigated the effects of the
overexpression of endogenous inhibitors of angiogenesis (pig-
ment epithelium–derived factor (PEDF) and vasohibin-1) by
adenovirus-mediated gene transfer to bile duct–ligated rats.
Both studies observed a reduction of pathologic angiogenesis
accompanied by an attenuation of liver fibrosis by increasing
the levels of these endogenous inhibitors of angiogenesis. The
mechanisms underlying the reduction of fibrosis were differ-
ent in both cases: PEDF affected the expression of metallo-
proteinases whereas vasohibin-1 partially inhibited the activa-
tion hepatic stellate cells [60, 61].

Despite the beneficial effects found in many studies, the
inhibition of angiogenesis as a therapeutic strategy in the con-
text of chronic liver diseases should be faced with extreme
caution. This is due to the fact that VEGF plays a dual role
in liver fibrosis, since it contributes not only to fibrogenesis
but also to fibrolysis or fibrosis resolution. Yang and collabo-
rators demonstrated in a model of common bile duct–ligated
mice that VEGF promoted fibrogenesis, but was also required
for hepatic tissue repair and fibrosis resolution. This study
demonstrated that VEGF signaling inhibition using VEGF-
neutralizing antibodies attenuated development of fibrosis,
but on the other hand, it also impaired fibrosis resolution
and liver repair, since the lack of VEGF signaling resulted in
impaired permeability of liver sinusoidal endothelial cells,
which decreased infiltration of monocytes [62]. In addition,
VEGF contributes to the maintenance of the normal pheno-
type of liver sinusoidal endothelial cells, which, in turn, pre-
vents the activation of hepatic stellate cells and promotes their
return to the quiescent state once activated [63]. Furthermore,
macrophages infiltrating into fibrotic areas have also been
proved to play a dual role in fibrosis promotion and resolution.
Therefore, although these macrophages stimulate fibrogenesis
in the early stages, it has been found that myeloid cell–derived
VEGF drives a pro-resolution phenotype in liver sinusoidal
endothelial cells that facilitates the revascularization of fibrous
tissue during fibrosis resolution [64].
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Posttranscriptional Reprogramming
in Angiogenesis and Fibrogenesis

The observations described above emphasize the impor-
tance of deciphering mechanisms that specifically regulate
pathological angiogenesis without affecting the normal
physiological vascularization. In this regard, we have re-
cently identified a new mechanism of regulation of patho-
logic VEGF expression and angiogenesis in chronic liver
disease, through sequential and nonredundant functions of
two members of the family of cytoplasmic polyadenylation
element binding proteins, CPEB1 and CPEB4 (Fig. 2) [65].
CPEB proteins are RNA-binding proteins that bind to and
regulate the expression of a specific group of mRNAs,
which have, on their noncoding 3′-untranslated regions
( 3 ′UTR) , s ome sequence s named cy t op l a sm i c
polyadenylation elements (CPEs) [66••, 67–69]. Upon cir-
rhosis induction, there is a rapid upregulation and activation
by autophosphorylation of the serine/threonine kinase
Aurora kinase-A in splanchnic organs and the liver.
Activated Aurora kinase-A, in turn, phosphorylates and ac-
tivates CPEB1 [70, 71]. Activation of CPEB1 then pro-
motes alternative nuclear processing within 3′UTRs of
VEGF and CPEB4 mRNAs, resulting in deletion of trans-
lation repressor elements. The subsequent overexpression
of CPEB4 promotes cytoplasmic polyadenylation of VEGF
mRNA, increasing its translation and generating high levels
of VEGF [65]. Importantly, this CPEB-mediated regulatory
mechanism is essential for pathologic angiogenesis but

dispensable for physiologic neovascularization. Thus,
targeting CPEBs could lead to safer treatment outcomes
by specifically reducing excessive pathologic VEGF pro-
duction instead of indiscriminately perturbing both patho-
logic and physiologic VEGF synthesis, minimizing poten-
tial adverse side effects [65]. More recently, we have iden-
tified a new facet of the “proangiogenic” activity of CPEB4.
Thus, we have found that CPEB4 is required for the prolif-
eration of progenitor stem cells found in the vascular wall of
blood vessels, which are able to differentiate and mediate
the abnormal growth of new vessels during liver disease
[72]. Together, these findings reinforce the potential of
CPEB4 as a therapeutic target for chronic liver disease
and potentially also other angiogenesis-dependent diseases
such as cancer [73••].

Interestingly, we have recently unveiled a previously un-
recognized posttranscriptional regulatory circuit in activated
hepatic stellate cells, comprising the critical glycolytic en-
zyme 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-
3 (PFKFB3) and the RNA-binding protein CPEB4 [74]. This
circuit maintains hepatic stellate cells in fibrotic livers with a
higher glycolytic activity than normal stellate cells in healthy
livers. This abnormal glycolytic reprogramming predisposes
hepatic stellate cells to activation, myofibroblast
transdifferentiation, cellular proliferation, and extracellular
matrix production and accumulation, resulting in
exponentation of liver fibrosis. These findings further support
the relevance of CPEB4 as a potential druggable target for
chronic liver disease (Fig. 2).

Fig. 2 The RNA-binding proteins CPEBs are essential regulators of
pathological angiogenesis and fibrogenesis in chronic liver disease.
CPEB, cytoplasmic polyadenylation element binding protein; PFKFB3,

6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3; VEGF,
vascular endothelial growth factor
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Conclusions

In summary, in the context of chronic liver disease, persistent
hepatic damage and inflammation are associated with mutual
aggravation of fibrosis and hypoxia. Additionally, tissue hyp-
oxia represents the main driving force promoting the initiation
of angiogenesis and fibrogenesis in the liver. In this scenario,
the extent of angiogenesis is a key factor in the rate of pro-
gression of fibrosis to cirrhosis and in the reversibility of fi-
brosis. This fact motivates that the association between
fibrogenesis and angiogenesis should be considered key in
the evaluation of disease progression and in the search for
therapeutic strategies.
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