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Emerging mechanisms of early pathological matrix degradation, fibrosis progression, and fibrosis resolution
in chronic liver disease. Activation of stellate cells (top left panel) is a key event in hepatic fibrosis, and
is associated with pathological matrix degradation because of increased production of membrane type
matrix metalloproteinase 1 (MT1-MMP), matrix metalloproteinase-2 (MMP-2), and tissue inhibitors of
metalloproteinases (TIMPs), leading to replacement by interstitial collagen or scar matrix. As fibrosis progresses
(middle panel), sustained expression of TIMPs prevents matrix degradation and apoptosis of activated stellate
cells. Regression of fibrosis (upper right panel) is associated with increased apoptosis of activated stellate cells.
Apoptosis requires decreased expression of tissue inhibitor of metalloproteinase-1 (TIMP-1), yielding a net
increase in protease activity. These events may occur coincident with production of matrix metalloproteinases,
which could include MMP-1 (in humans) or MMP-13 (in rodents), although cellular sources of these enzymes
(possibly including Kupffer cells) and clear evidence of their induction in vivo are still lacking. Validation of these
events and further elucidation of mechanisms underlying the regression of fibrosis represent key challenges for
future studies.
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