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Loss of the deubiquitinase OTULIN promotes hepatocellular
carcinoma (HCC) in an mTOR-dependent manner
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Liver cancer is the second most frequent cause of cancer-
related death worldwide [1]. Chronic liver inflammation as
well as metabolic alterations have been shown to play an
important role in the pathogenesis of hepatocellular carci-
noma (HCC), the most common type of liver tumor.
However, the mechanistic link between chronic liver
inflammation and HCC development is still poorly under-
stood. Posttranslational modification of proteins by ubi-
quitin (Ub) conjugation plays an important role in a range of
cellular processes, including cell division, DNA damage,
signal transduction, inflammation, and cancer development
[2, 3]. Nondegradative ubiquitination signaling is a key
mechanism in the regulation of both inflammatory and
immune responses via NF-κB activation [4]. Among the
various nondegradative Ub linkages that have been descri-
bed, Ub chains linked via methionine 1 (Met1-polyUb)
have been shown to participate in the regulation of the
innate immune response. These chains are assembled by the
linear Ub chain assembly complex (LUBAC) composed of
HOIP, HOIL-1, and SHARPIN1 [5, 6].
Previous studies have revealed that OTULIN (OTU family
deubiquitinase with linear linkage specificity) exclusively
hydrolyzes M1-polyUb from proteins that have been mod-
ified by LUBAC, and is critical for preventing both cell
death and a severe autoinflammatory disease, named
OTULIN-related autoinflammatory syndrome [5, 7, 8].
However, despite a clear involvement of OTULIN in the

regulation of innate immunity, its potential involvement in
cancer development had not been investigated.

Damgaard et al. [9] now reveal that liver OTULIN-
deficiency causes both spontaneous steatohepatitis and
extensive fibrosis promoting the development of HCC. The
study shows that hepatocyte-specific deletion of OTULIN
induces premalignant tumors by 8 weeks of age followed by
HCC progression within 1 year. Furthermore, progression
to HCC in OTULIN-deficient mice was concomitant with
metabolic alterations, apoptosis, and inflammation in
the liver.

Given the established role of OTULIN in immune cells
[10], Damgaard et al. developed several mouse models to
dissect the molecular pathways associated with HCC pro-
gression and better understand the role of OTULIN in
nonimmune cell types. To assess the nonimmune cell
functions of OTULIN, irradiated OTULIN null mice were
reconstituted with wild-type bone marrow to generate chi-
meras with immune cells carrying wild-type OTULIN.
Phenotypic analysis of these mice revealed severe weight
loss accompanied by liver failure that was characterized by
(1) enhanced liver damage; (2) increased blood neutrophils;
(3) histological signs of acute hepatitis; and (4) increased
M1-polyUb conjugates in Otulin-KOchim mice.

Analysis of mice with a hepatocyte-specific deletion of
OTULIN revealed the presence of severe liver disease with
macroscopic lesions and dysplastic nodules. Furthermore,
OTULIN-deficient livers showed steatosis, hyperplasia, and
signs of inflammation, highlighting the cytoprotective
function of OTULIN in the liver. This unexpected obser-
vation not only underscores the importance of OTULIN in
the regulation of M1-polyUB signaling in liver cells, but
also expands the range of pathologies associated with
OTULIN-deficiency.

It is established that systemic inflammation caused
by OTULIN-deficiency is a result of increased NF-κB sig-
naling, which can be ameliorated by blocking TNFα sig-
naling [7, 10]. Intriguingly, Damgaard et al. found that
deletion of TNFR1 had no effect on the liver defects of
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OTULIN-deficient mice, indicating that alternative
mechanisms can drive the liver pathology in these mice.

Phenotypic analysis of livers from early postnatal
OTULIN-deficient mice revealed dramatic changes in
expression of mTOR regulators, such as the TSC complex
and Rheb, accompanied by an aberrant activation of the
mTOR pathway. Interestingly, rapamycin was able to res-
cue the liver pathologies associated with OTULIN-defi-
ciency, indicating a central role for OTULIN in the
regulation of mTOR signaling in the liver. These findings
not only expand the function of OTULIN beyond the
immune compartment and demonstrate a bone fide tumor
suppressor function for this deubiquitinase, but also provide
the first mechanistic link between M1-polyUb and the
mTOR pathway.

A number of intriguing questions arise from the findings
by Damgaard et al. [9]. For example, how does accumula-
tion of Met1-polyUb in OTULIN-ablated livers contribute
to the activation of mTOR pathway? Is Met1-polyUb
directly conjugated to some proteins regulating the mTOR
pathway? And finally, does OTULIN counteracts an Ub
ligase that targets key regulators of the mTOR signaling
using Met1-polyUb?

The work described here shows that the Ub signaling,
through polyubiquitin-linkage specificity, regulates key
cellular processes and is even more complex than pre-
viously assumed. Importantly, this manuscript reminds us
that polyubiquitin-linkage specificity dictates signaling
events, and that its deregulation in cancer cells needs to be
investigated in detail.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.
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