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β-Arrestin2 is increased in liver fibrosis in humans
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Liu et al. (1) elegantly present that β-arrestin2 (β-Arr2)
is critical for endothelial nitric oxide synthase (eNOS)
activation of liver sinusoidal endothelial cells (LSEC).
The authors demonstrate a relationship between de-
creased β-Arr2 expression in LSEC and decreased
intrahepatic eNOS activity and NO formation contrib-
uting to the development of portal hypertension, and
offer β-Arr2 as a target to promote eNOS activity and
to improve portal hypertension. Interestingly, β-Arr2
expressed in extrahepatic tissue is also involved in
portal hypertension. Its up-regulation in endothelium-
denuded splanchnic vessels probably induces splanchnic
vasodilation and contributes to aggravation of portal hy-
pertension, largely NO independent (2). Furthermore, in
antral mucosa, increased β-Arr2 expression seems to be
related to portal hypertension (3, 4). These data demon-
strate that β-Arr2 has different functions in different tis-
sues and cell types. Regarding the whole liver and in
contrast to the findings in LSEC, hepatic β-Arr2 expres-
sion is increased in human liver fibrosis (Fig. 1A). This
finding was confirmed in silico in a further independent
external patient cohort with 58 samples of cirrhotic indi-
viduals and 19 samples of nonfibrotic individuals (5) us-
ing the Oncomine cancer microarray database (https://
www.oncomine.org/resource/login.html) (Fig. 1B). This is
substantiated by the strong association of β-Arr2 expres-
sion with expression of collagen 1 (COL1A1) and alpha-
smooth muscle actin (ACTA2) in nonfibrotic liver tissue
using gene expression profiling and interactive analyses
(GEPIA) (Fig. 1 C and D) (6). The latter association sug-
gests a role of hepatic stellate cells (HSC), the main pro-
fibrotic cell type in the liver (7), for β-Arr2−mediated

effects. However, this was only true for activated and
transdifferentiated alpha-smooth muscle actin express-
ing HSC. Liu et al. could show only minor β-Arr2 expres-
sion of desmin-positive HSC in the liver, presumably
quiescent HSC. This may be explained by rather short-
term injury (10 d) in the Liu et al. study. More advanced
stages of fibrosis could lead to a stronger induction of
β-Arr, a hypothesis supported by β-Arr2 up-regulation in
fibroblasts of heart and lung fibrosis (8, 9). Using the
same bile duct ligation model as Liu et al., yet with sig-
nificant and pronounced fibrosis, which was not present
in Liu et al., we found, in mice (Fig. 1C) and rats (Fig. 1D),
an up-regulation of β-Arr2 and its downstream signaling
via extracellular signal-regulated kinase 1/2 (10).

In summary, the results presented by Liu et al. and
our findings suggest a multifunctional role of β-Arr2 in
the pathogenesis of liver fibrosis and portal hyperten-
sion that warrants further studies with respect to its for-
mation and function in different organs and cell types.
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Fig. 1. (A) β-Arr2 and its downstream signaling via extracellular signal-regulated kinase 1/2 (ERK1/2) is increased in human fibrotic liver tissue
collected as previously published (10). (B) In silico validation of β-Arr2 up-regulation in liver fibrosis using the Oncomine cancer microarray
database (https://www.oncomine.org/resource/login.html). (C and D) Correlation plots of (C) β-Arr2 and COL1A1 expression and (D) β-Arr2 and
ACTA2 expression in human nonfibrotic liver tissue from the Genotype-Tissue Expression project (https://www.gtexportal.org/home) using the
GEPIA web application. (E and F) β-Arr2 and its downstream signaling in experimental fibrosis induced by bile duct ligation (BDL) in male
12-wk-old mice and rats as previously published (10). Organs were harvested after two weeks in male mice with C57BL/6J background (in C) or
after 4 wk frommale Sprague–Dawley (SD) rats (in D). pERK1/2, phosphorylated ERK 1/2; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Schierwagen et al. PNAS | November 3, 2020 | vol. 117 | no. 44 | 27083

https://www.oncomine.org/
https://www.gtexportal.org/


1 S. Liu, L. M. Luttrell, R. T. Premont, D. C. Rockey, β-Arrestin2 is a critical component of the GPCR−eNOS signalosome. Proc. Natl. Acad. Sci. U.S.A. 117,
11483–11492 (2020).

2 M. Hennenberg et al., Vascular dysfunction in human and rat cirrhosis: Role of receptor-desensitizing and calcium-sensitizing proteins. Hepatology 45, 495–506
(2007).

3 J. Trebicka et al., Expression of vasoactive proteins in gastric antral mucosa reflects vascular dysfunction in patients with cirrhosis and portal hypertension. Liver Int.
35, 1393–1402 (2015).

4 J. Trebicka et al., Assessment of response to beta-blockers by expression of βArr2 and RhoA/ROCK2 in antrum mucosa in cirrhotic patients. J. Hepatol. 64,
1265–1273 (2016).

5 V. R. Mas et al., Genes involved in viral carcinogenesis and tumor initiation in hepatitis C virus-induced hepatocellular carcinoma. Mol. Med. 15, 85–94 (2009).
6 Z. Tang et al., GEPIA: A web server for cancer and normal gene expression profiling and interactive analyses. Nucleic Acids Res. 45, W98–W102 (2017).
7 I. Mederacke et al., Fate tracing reveals hepatic stellate cells as dominant contributors to liver fibrosis independent of its aetiology. Nat. Commun. 4, 2823 (2013).
8 J. Li et al., β-Arrestins regulate human cardiac fibroblast transformation and collagen synthesis in adverse ventricular remodeling. J. Mol. Cell. Cardiol. 76, 73–83
(2014).

9 A. K. Lovgren et al., β-arrestin deficiency protects against pulmonary fibrosis in mice and prevents fibroblast invasion of extracellular matrix. Sci. Transl. Med. 3,
74ra23 (2011).

10. M. Granzow et al., Angiotensin‐II type 1 receptor‐mediated Janus kinase 2 activation induces liver fibrosis. Hepatology 60, 334–348 (2014).

27084 | www.pnas.org/cgi/doi/10.1073/pnas.2014337117 Schierwagen et al.

https://www.pnas.org/cgi/doi/10.1073/pnas.2014337117

