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Progressive liver fibrosis, induced by chronic viral andmetabolic disorders, leads tomore than onemillion deaths
annually via development of cirrhosis, although no antifibrotic therapy has been approved to date.
Transdifferentiation (or “activation”) of hepatic stellate cells is themajor cellular source ofmatrix protein-secret-
ing myofibroblasts, the major driver of liver fibrogenesis. Paracrine signals from injured epithelial cells, fibrotic
tissue microenvironment, immune and systemic metabolic dysregulation, enteric dysbiosis, and hepatitis viral
products can directly or indirectly induce stellate cell activation. Dysregulated intracellular signaling, epigenetic
changes, and cellular stress response represent candidate targets to deactivate stellate cells by inducing reversion
to inactivated state, cellular senescence, apoptosis, and/or clearance by immune cells. Cell type- and target-
specific pharmacological intervention to therapeutically induce the deactivation will enable more effective and
less toxic precision antifibrotic therapies.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Chronic tissue injury leads to a sustained scarring response that grad-
ually disrupts normal cellular functional units and eventually causes fail-
ure in multiple epithelial organs such as liver, lung, and kidney, which is
estimated to account for one-third of deaths worldwide [1]. Progressive
liver fibrosis can be caused by chronic infection of hepatitis B virus
(HBV) or hepatitis C virus (HCV), alcohol abuse, non-alcoholic fatty liver
disease (NAFLD)/non-alcoholic steatohepatitis (NASH), and other rela-
tively rare conditions such as autoimmune hepatitis, hemochromatosis,
Wilson's disease, and primary/secondary biliary cholangitis. Cirrhosis is
the terminal stage of progressive liverfibrosis, which is estimated to affect
1% to 2% of global population and results in over 1million deaths annually
worldwide [2,3].

Lethal complications of cirrhosis include functional liver failure, portal
hypertension-induced variceal bleeding, ascites, and hepatic encephalop-
athy, systemic bacterial infection, and liver cancer, especially hepatocellu-
lar carcinoma (HCC) [3]. Annual direct and indirect costs for the care of
cirrhosis exceed $12 billion in the U.S. alone [4]. Although approved ther-
apies directly targeting and reversing advanced fibrosis are still lacking,

clinical studies have indicated that liver fibrosis and even cirrhosis can
be regressed by therapeutic intervention aimedat the primary disease eti-
ology [5]. In this review, we summarize recent findings relevant to direct
therapeutic targeting of the major fibrogenic cell type in the liver, the ac-
tivated hepatic stellate cell (HSC), as an antifibrotic strategy.

2. Cellular sources of matrix-producing myofibroblasts

2.1. Myofibroblasts: driver of tissue fibrogenesis in multiple organs

In chronic fibro-proliferative diseases, affecting multiple organs such
as lung, kidney, and liver, presence of myofibroblasts is a key common
feature [6]. The myofibroblast is a fibroblast-like cell with contractile
properties, which is derived typically from cells of mesenchymal lineage
via transdifferentiation, often referred to as “activation”. Proliferating
myofibroblasts are the key source of excess extracellular matrix (ECM)
molecules such as collagen type I and III aswell as other proteins that con-
stitute pathologic fibrous tissues [7]. Paracrine factors such as platelet-de-
rived growth factor (PDGF), transforming growth factor β (TGFβ), and
connective tissue growth factor (CTGF), together with other growth

Fig. 1. Extracellular regulation of HSC activation. HSC activation is promoted (sharp arrow) or inhibited (blocked arrow) by liver resident cells, ECM, and circulating cells via paracrine
factors. Red and blue font colors indicate positive and negative regulators of HSC activation, respectively. Pharmacological intervention to each candidate target is shown in parenthesis.
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