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Autophagy represses hepatic carcinogenesis
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ABSTRACT

Hepatocyte-specific knockout of the essential autophagy gene Autophagy-related 7 (Atg7) is sufficient to
cause hepatic carcinogenesis. A recent paper by Lee et al. unveils the molecular pathway accounting for
hepatic hypertrophy and hyperplasia followed by malignant transformation. This pathway involves the
overactivation of the transcription factor yes-associated protein (YAP), which turns out to be an
autophagic substrate. Of note, the transcriptional signature activated in mouse hepatocytes lacking
Atg7 resembles that found in non-alcoholic steatohepatitis (NASH), as well as in the steatohepatitic

subtype of human hepatocellular carcinomas.

Hepatocellular carcinoma constitutes an ever more frequent
disease entity that develops as a complication of chronic
inflammation, frequently in the context of viral hepatitis,
ethanol-induced steatohepatitis and obesity-associated non-
alcoholic steatohepatitis (NASH).!

Macroautophagy (hereafter ‘autophagy’) is a bulk lysoso-
mal degradation mechanisms in which cytoplasmic constitu-
ents are sequestered in autophagosomes, which then fuse with
lysosomes to create autophagolysosomes for the digestion of
the luminal content by hydrolases operating at an acidic pH
optimum.? Autophagy is induced by starvation of cells from
nutrients and is inhibited in the context of caloric excess
leading to obesity. Indeed, autophagy allows starved cells to
digest macromolecules to energy-rich metabolites, thus satis-
fying their bioenergetics demand.” Beyond this metabolic
function, autophagy plays a major role in ridding the cyto-
plasm from damaged, dysfunctional and potentially noxious
organelles, protein aggregates, lipid vesicles or invading
pathogens. As such, autophagy plays a major role in organel-
lar quality control (and de facto acts to rejuvenate the cyto-
plasm) as well as in the suppression of inflammation and
malignant transformation.’

It had been known that hepatocyte-specific knockout of
essential autophagy-relevant genes such as Autophagy-
related 5 (Atg5) and Autophagy-related 7 (Afg7) can stimu-
late hepatomegaly and the formation of adenomas.** This
effect had been attributed to the accumulation of
Sequestosome-1 (SQSTM1/also referred to as p62) protein.
SQSTM1 is a typical autophagic substrate, meaning that
inhibition of autophagic flux increases the abundance of
this protein to the extent that some autophagy measure-
ments are based on the quantification of SQSTM1 expression
levels.® Indeed, hepatic tumorigenes induced by Atg7
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knockout is attenuated upon Sgstm1 knockout,* and trans-
genic overexpression of Sqstml in the liver is sufficient to
drive carcinogenesis.” Accumulating SQSTM1 protein then
binds and inhibits Kelch-like protein 1 (KEAP1), a negative
regulator of nuclear factor (erythroid-derived 2)-like 2
(NFE2L2, best known as NRF2), which acts as a pro-
tumorigenic transcription factor.®

In a recent paper published in Nature Communications,
Lee et al. demonstrate that yet another transcription factor,
yes-associated protein (YAP), may contribute to malignant
transformation of hepatocytes lacking Atg7.” Thus, the pro-
tein YAP, which turned out to be an autophagic substrate
(like SQSTM1), accumulated upon deletion of Atg7, as
demonstrated in a tamoxifen-inducible liver cell-specific
Atg7 knockout model. This YAP accumulation occurred
quickly after Atg7 knockout (within days), this preceding
the accumulation of SQSTM1 (which occurred only several
weeks later).” Liver-specific double knockout of Atg7 and
Yap resulted in a phenotype in which much of the alterations
induced by single knockout of Atg7 were attenuated. Indeed,
in contrast to prior studies using a very similar approach in
which Atg7 knockout led to the development of benign
tumors (adenomas) only,* Lee et al. observed that Atg7
deletion caused the induction of malignant lesions
(carcinomas).” Such carcinomas developed after an augmen-
tation in liver size (hepatomegaly) due to an increase in
hepatocyte volume (hypertrophy) and number (hyperplasia),
coupled to increased proliferative activity, lobular and portal
inflammation, ductular reaction, steatosis and fibrosis. All
these microscopic and macroscopic signs of pathology were
significantly improved upon removal of Yap, indicating
a major role for YAP throughout all steps of hepatic
carcinogenesis.’
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Figure 1. Relationship between autophagy and hepatic carcinogenesis suppos-
ing two independent pathways (that may somehow crosstalk to each other) that
link autophagy inhibition to the transactivation of oncogenic gene products.
On the one hand, impaired autophagy leading to YAP accumulation in cells is
associated with significant overexpression of its target genes and oncogenesis in
hepatocytes. On the other hand, SQSTM1 that accumulates upon autophagy
deficiency binds to KEAP1 thus preventing its inhibitory interaction with a pro-
tumorigenic transcription factor NRF2. KEAP2, Kelch-like protein 1; NRF2, nuclear
factor (erythroid-derived 2)-like 2; SQSTM1, Sequestosome-1; YAP, yes-associated
protein.

Transcriptional profiling of livers that had undergone the
knockout of Atg7 revealed a significant overexpression of YAP
target genes. More importantly, the transcriptional changes
induced by Atg7 inactivation in mouse livers were very similar

to those found in the liver from patients with non-alcoholic
steatohepatitis (NASH), as well as in the steatohepatitic sub-
type of human hepatocellular carcinomas (but not that in
other subtypes of liver cancer), supporting the translational
relevance of this mouse model.”

Based on the interesting work by Lee et al.,” a few major
questions arise:

® s autophagy inhibition by excessive nutrition with con-
sequent elevations in glucose, free fatty acids and trigly-
cerides as well as obesity-associated growth factors (such
as insulin, insulin-like growth factor, leptin, etc.) suffi-
cient to provide a stimulus for hepatic oncogenesis in
patients with NASH?

® What is the articulation between SQSTM1 and YAP
downstream of autophagy inhibition in hepatic carci-
nogenesis? Are both transcription factors involved in
distinct molecular subtypes of liver cancer? Or do
they cooperate within the same subtype and, if so,
how is this cooperation articulated in mechanistic
terms? Is there some crosstalk among the signaling
modules or do the effects of transcription factors
synergize for the activation of an oncogenic program
(Figure 1)?

® s it possible to interrupt the molecular cascades invol-
ving autophagy inhibition as well as the activation of
SQSTM1/NRF2 and YAP by pharmacological strategies?
Would autophagy induction or rather the inhibition of
the downstream effectors (SQSTM1/NRF2, YAP) yield
a superior result for the chemoprevention of liver can-
cer? Considering that autophagy modulation, and espe-
cially inhibition here, has already been associated with
other pathologies like some autoimmune and metabolic
disorders, such clinical interventions should be handled
with caution.'®
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