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REPLY TO SCHIERWAGEN ET AL.:

β-Arrestins in liver disease
Songling Liua, Louis M. Luttrellb, Richard T. Premontc,d, and Don C. Rockeye,1

We read with interest the Letter by Schierwagen et al.
(1), which reports that fibrotic liver injury in rodents
and in patients is associated with increased whole liver
expression of β-arrestin 2 (β-Arr2), appearing to con-
trast with our recent report (2) demonstrating that in-
jury induced by bile duct ligation (BDL) in mice leads
to decreased β-Arr2 expression in liver sinusoidal en-
dothelial cells (LSECs). We demonstrated that re-
duced β-Arr2 expression in this specific cell type is
associated with reduced activation of endothelial
nitric oxide synthase and portal hypertension.

We find that whole liver β-Arr2 appears to be un-
changed to slightly elevated (although not statistically
so) after BDL in rats and mice (Fig. 1). However, we
emphasize that the finding of changes in whole liver
β-Arr2 is difficult to translate to the biology of disease,
largely because dynamic changes of molecules such
as β-Arr2 in specific cells drive phenotypes. Whole
liver studies of proteins are always confounded by
the balance of parenchymal (hepatocytes) and non-
parenchymal cells (stellate, endothelial, and Kupffer
cells) in the liver. Given that hepatocytes make up at
least 80% of the cells in the liver, changes in protein
expression at the whole liver level often reflect expres-
sion by hepatocytes—and it is possible that the
changes reported by Schierwagen et al. (1) reflect
(even small) changes in hepatocyte expression. One
of the key strengths of our study (2) is in defining the
cellular changes in β-Arr2 in LSECs directly. It should
also be noted that we used knockout mice as controls
for our immunostaining (2) to stringently validate the
specificity of the β-arrestin antibodies used.

A number of recent publications have noted al-
tered expression of β-Arr2 and the related β-Arr1 after
various forms of liver injury, and revealed roles for
both β-arrestins (3–9). Of particular interest was a tran-
sient ischemia/reperfusion study of liver injury, in
which β-Arr2 protein increased (β-Arr1 was not
assessed), finding that β-Arr2 knockout mice had
worse outcomes (7), consistent with vascular dysregu-
lation, similar to our work (2). Notably, cellular locali-
zation was not assessed, and/or the specificity of the
antisera used was not established in most of these
studies.

Although Schierwagen et al. (1) report elevated
β-Arr2 in human patient samples with fibrosis, others
have reported increased β-Arr1 but unchanged β-Arr2
(6), as well as elevated β-Arr2 (4). Overall, due to the
small numbers of patient samples assessed and the
inherent variability among patients even within de-
fined fibrotic injury types (viral, alcohol, nonalcoholic
fatty liver disease/nonalcoholic steatohepatitis, etc.), it
seems premature to claim a clear understanding of the
role of either β-arrestin protein in human fibrotic liver
disease, although β-arrestins certainly are implicated.

Taken together, these studies suggest that β-arrestin
expression changes depend on the type and timing
of liver injury and are almost certainly different in
distinct liver cell types. The general principles and
driving stimuli responsible for each of these changes
remain unknown, and much more work is needed
to encompass the breadth of injury-dependent re-
sponses and roles of β-arrestin proteins in the
liver (10).
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Fig. 1. β-Arr2 expression in normal and BDL-injured liver. (A) Whole liver protein lysates from normal and 14-d BDL-injured rat (Left) and mouse
(Right) were subjected to immunoblotting to detect β-Arr2 and β-actin as described (2). (B) Specific β-Arr2 bands were quantitated, normalized to
β-actin (n = 5 per group), and plotted with mean ± SD; ns, no significant difference.
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