Hepatic fibrosis results from repeated liver injury
whereby the normal wound-healing response leads to
production and accumulation of connective tissue mate-
rial, largely composed of extracellular matrix (ECM) pro-
teins such as collagen." This process may be as a
response to infection, inflammation, or normal tissue
repair. Resident and recruited cells contribute to this pro-
cess, leading to excess collagen production and, if left
unchecked, may progress to cirrhosis® (Fig. 1). Recently,
a more thorough understanding of the variety and com-
plexity of cell-cell signaling and collagen modification has
identified multiple exciting and novel targets for antifi-
brotic therapy.
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Numerous injury responses may trigger the activation
of resident macrophages (Kupffer cells) or injured hepa-
tocytes, as well as the recruitment of other inflammatory
cells (Fig. 2). This inflammatory milieu will, in turn,
release reactive oxygen species (ROS) in addition to a
variety of cytokines and other soluble factors. These
extracellular factors will activate a signaling cascade
within hepatic stellate cells (HSCs) that results in a profi-
brotic phenotype® (Fig. 3). In normal liver tissue, HSCs
are quiescent, located in the space of Disse (a space
between sinusoidal endothelial cells and hepatocytes),
and comprise approximately 5% of total liver cells.*>
Although well known for acting as a reservoir of retinoic
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FIG 1 Hepatic injury may be driven by a variety of insults includ-
ing viral infection, alcohol, metabolic derangements associated
with obesity and steatosis, or autoimmune processes. With
repeated injury, the normal wound-healing response results in
profibrogenic and proinflammatory signaling. The tissue response
to injury results in a variety of recruited cells that triggers a proin-
flammatory and profibrogenic signaling cascade that drives fibro-
sis. Unchecked, fibrosis can result in end-stage liver disease and/
or cirrhosis and, over time, lead to hepatocellular carcinoma.

acid, HSCs also function to maintain an ECM of different
collagen types. Along with portal fibroblasts, activated
HSCs (aHSCs) are implicated as cells of origin for myofi-
broblasts and are thus thought to drive scar formation.®
aHSCs have acquired profibrogenic properties secondary
to a variety of inciting stimuli including the aforemen-
tioned inflammatory milieu and oxidative stress response.
Interestingly, endothelial cells and cholangiocytes are also
implicated in driving HSC activation.® Kisseleva and Bren-
ner’ nicely described targeting HSC activation as shifting
the balance toward collagen degradation or halting profi-
brogenic signaling. Although the most efficacious strat-
egy to date has been to eliminate the injurious cause
(classically exemplified by viral hepatitis), new targets are
increasingly coming to light. HSCs are an important pop-
ulation and because their activation is a key step in liver
fibrosis, targeting their proliferation, migration, and rec-
ruitment of other proinflammatory cell types has been
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intriguing.® In addition, as a key cell type in fibrosis,
understanding the mechanism by which HSCs become
activated has remained an area of ongoing interest with
exciting therapeutic potential.

Recent studies have demonstrated the ability to use
tumor necrosis factor (TNF)-related apoptosis-inducing
ligand to decrease collagen production from aHSCs in
vitro and induce apoptosis, thus proving a potential ther-
apeutic target to further decrease ECM production.’
Other strategies focus on returning aHSCs to a more qui-
escent state. One such focus has been peroxisome
proliferator-activated receptor gamma (PPARy), a nuclear
receptor normally expressed in high amounts in quiescent
HSCs. Recent in vitro studies have demonstrated dec-
reased collagen expression in aHSCs when administered
PPAR~y ligands; however, clinical trials have resulted in
mixed outcomes. Administration of pioglitazone, a
PPARy ligand, was associated with reduction in serum
alanine and aspartate aminotransferase levels, as well as
improvement in inflammation and hepatic steatosis;
however without improvement in fibrosis scores in pa-
tients with nonalcoholic steatohepatitis.®
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FIG 2 (A) In normal liver tissue, HSCs are quiescent and reside
in the space of Disse, the subendothelial space between hepato-
cytes and endothelial cells. (B) Liver injury results in HSC activa-
tion and in turn multiple inflammatory cells are recruited and
migrate across the endothelial layer. Together these cells secrete
profibrotic cytokines and result in collagen deposition and modi-
fication. As seen, the HSC has changed morphology and is now
activated and surrounded by collagen fibrils.
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FIG 3 Multiple cell types interact with HSCs and induce activation. Injury/damaged hepatocytes release ROS as well as other cytokines.
Kupffer cells secrete pro-inflammatory molecules such as TNF-«, transforming growth factor g (TGF-B), and interleukin (IL)-6. Similarly,
resident and recruited lymphocytes as well as endothelial cells will also secrete proinflammatory signaling molecules such as nitric oxide
(NO), platelet-derived growth factor B (PDGF-B), and a variety of ILs including IL-12 and IL-4. In turn, aHSCs will become proliferative and
adopt a myofibroblast phenotype with collagen production, modification and cross-linking as a major driver of fibrogenesis. CCL, chemo-
kine (C-C motif) ligand; IFN, interferon; TIMP, tissue inhibitor of metalloproteinase; VEGF, vascular endothelial growth factor.

Recruited and resident inflammatory cells are thought
to stimulate HSCs and trigger a profibrogenic signaling
cascade. As such, macrophages are of great interest as
potential therapeutic targets. Indeed, one ongoing study
investigates use of cenicriviroc, a small molecule target-
ing chemokine receptors chemokine (C-C motif) receptor
2 (CCR2) and CCRS5. Studies in preclinical models of
fibrosis and obesity-associated steatohepatitis demon-
strated that use of cenicriviroc was associated with
decreased histological evidence of fibrosis and improved
insulin resistance."" Clinical trials are ongoing.

The renin angiotensin system is overexpressed in
fibrotic livers, and prior in vivo studies demonstrated effi-
cacy of angiotensin Il in driving HSC activation. HSC-
specific angiotensin type I|-deficient receptor blockers
(ARBs) were studied in a rodent model of hepatic injury
and demonstrated reduction in advanced liver fibrosis.'?
ARBs are widely available and well studied for their anti-
hypertensive effects, and thus are a promising strategy.
Indeed, losartan administration was associated with
reduced expression of inflammatory and ECM-modifying
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genes in patients with chronic hepatitis C infection; how-
ever, long-term effects on biopsy have yet to be
seen.' ' Perhaps the most highly anticipated therapeu-
tic has been collagen-modifying enzymes. One such
enzyme, lysyl oxidase-like 2 (LOXL2), is strongly expressed
in fibrotic liver tissue. In multiple mouse models of fibro-
sis (including both genetic and toxin mediated), the
cohort that was treated with an anti-LOXL2 monoclonal
antibody demonstrated decreased fibrosis on histology.'”
Interestingly, a small open-label pilot trial was recently
completed, and although the monoclonal antibody sim-
tuzumab was well tolerated, there was no improvement
in liver biopsy fibrosis scoring posttreatment.’® The
cohort was small and the time course was short, so fur-
ther studies are clearly indicated.

In summary, liver fibrosis results from multiple different
proinflammatory states. Unchecked, this may progress to
end-stage liver disease/cirrhosis and potentially result
in the development of hepatocellular carcinoma. The
inflammatory milieu is composed of many different cell
types including, but not limited to, HSCs, Kupffer cells,
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infiltrating lymphocytes, endothelial cells, and epithelial
cells. The crosstalk between these populations occurs via
cytokine release and other secreted enzymes. Multiple
therapeutic targets have been identified and impact vari-
ous cells types and signaling molecules within the liver,
the most notable being HSCs. Because collagen deposi-
tion is a key feature of fibrosis, collagen-modifying
enzymes have been of great therapeutic interest, along
with macrophage chemokine receptors and other tar-
gets; however, early clinical data are varied and clearly
warrant further investigation. As our understanding and
appreciation for the varied mechanisms that drive liver
fibrosis advances, multipronged therapeutic approaches
may prove the most effective. This is an exciting time in
hepatology because numerous clinical trials, focused on
different aspects of fibrosis and inflammation, are under
way.
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