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One organ that is highly challenged by 
the current obesity pandemic is the liver. 
The hepatic endoplasmic reticulum (ER) is 
pivotal as it processes many aspects of lipid 
metabolism1 and is clearly linked to the devel-
opment of hepatocellular carcinoma (HCC)2. 
The exact steps involved are poorly under-
stood, but one hallmark of the path from 
simple steatosis to HCC is the development 
of nonalcoholic steatohepatitis (NASH), a 
severe form of nonalcoholic fatty liver disease 
(NAFLD) that is characterized by inflamma-
tion, hepatocyte ballooning and fibrosis. 
However, the precise cellular processes that 
trigger the advancement of NASH and the 
downstream development of HCC remain 
unclear. Apoptosis, immune cell infiltration, 
lipotoxicity, de novo lipogenesis, the micro-
biota and oxidative stress have been shown to 
activate ER stress, thereby contributing to the 
initiation of NASH-driven HCC3. It is of vital 
importance to define the cellular processes 
and pathways that lead to NASH-driven HCC 
as current treatments for HCC, such as the  
tyrosine kinase inhibitor sorafenib, are ineffec-
tive therapies, as they only extend median 
survival by a few weeks to months in a subset 
of patients4.

This year, three important publications 
have shed more light on our understanding  
of NASH-driven HCC by examining the role of 
caspase 2 in ER-stress-promoted NASH devel-
opment5, inhibiting acetyl-CoA carboxylase 
(ACC) to suppress lipogenesis and HCC6 and 
targeting ER stress by pharmacological agents 
or Bax inhibitor 1 (BI-1) to block IRE1α sig-
nalling to explore therapeutic strategies for 
NASH7. In a study by the Karin laboratory, 
published in 2014, the authors used a fairly 
new mouse model for NASH-driven HCC, 
the MUP-uPA mouse. This mouse model 

that therapies aimed at mimicking the inhib-
itory effect of AMPK phosphorylation on 
ACC might be an important treatment for 
NASH-driven HCC. Mice with a loss of 
AMPK-mediated ACC inhibition show ele-
vated hepatic lipogenesis and early signs of 
NAFLD and fibrosis, but, even more impor-
tantly, when challenged with the carcino-
gen diethyl nitrosamine (DEN), these mice 
had twice as many lesions per liver than 
did wild-type control mice. Treating these 
animals with the ACC inhibitor ND-654,  
a molecule that mimics the physiological inhi-
bition of AMPK-induced ACC phosphory-
lation, led to a reduction of DEN-induced 
tumour burden by 55%. The authors con-
cluded that therapies designed to work in a 
similar fashion to AMPK phosphorylation 
on ACC, such as the small molecule ND-654, 
might be promising strategies in treating  
NASH-driven HCC.

Caspase 2 translation depends on IRE1α 
signalling, which is one branch of the unfolded 
protein response of the ER. Inhibiting IRE1α 
inhibits expression of the caspase 2 protein in 
the liver without affecting caspase 2 mRNA 
levels and it prevents SREBP2 activation. Liver 
biopsy samples obtained from patients with 
NASH contain increased levels of SREBP2  
mRNA, which further points to an impor-
tant role for caspase 2 in NASH progres-
sion5. Indeed, direct caspase 2 ablation also 
abolishes SREBP1 and SREBP2 activation. 
SREBPs have a key role in NASH develop-
ment as they regulate cholesterol metabolism 
in the liver10. When a cell is in need of gene 
products involved in regulating cholesterol 
synthesis, SREBP precursors are transported 
from the ER to the Golgi where they will be 
cleaved by the proteases site-1 protease (S1P) 
and site-2 protease (S2P). The mature forms 
of SREBP1 and SREBP2 will be released 
and will then travel to the nucleus to act 
as transcription factors. As  SREBP1 and 
SREBP2 lack caspase 2 cleavage sites, Kim 
at al.5 investigated how caspase 2 can control 
SREBP activation. They show that in livers 
from Casp2−/− MUP-uPA mice, the levels of 

transiently expresses uro kinase in hepato-
cytes. When maintained on a standard rodent 
chow diet, the mouse is fairly normal, but 
feeding it a high-fat diet increases ER stress, 
such that NASH can be observed by the time 
they are 16 weeks of age8. ER stress induces 
the expression of caspase 2, a non-apoptotic 
caspase, which is elevated in MUP-uPA mice 
and in patients with NASH5. As hepatocytes 
with elevated de novo lipogenesis and cho-
lesterol synthesis9 (both key contributing 
factors in NAFLD and NASH pathogenesis) 
are not apoptopic, caspase 2 was investigated 
as a candidate in the control of sterol regula-
tory element-binding protein (SREBP)-driven 
NASH progression in affected patients and 
MUP-uPA mice. Kim and co-workers5 show 
that caspase 2 is required for NASH devel-
opment as Casp2−/− MUP-uPA mice did not  
present with fatty liver or raised levels of cho-
lesterol. These mice also exhibit less hepato-
cyte ballooning and macrophage infiltration 
than control mice. Furthermore, the animals 
showed raised levels of AMPK phosphorylation  
in the liver, muscle and adipocytes.

This latter observation is consistent with 
the results of Lally and colleagues6 showing 
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A key component in the development from fatty liver to hepatocellular 
carcinoma (HCC) is the appearance of nonalcoholic steatohepatitis 
(NASH). The precise cellular processes that trigger the advancement of 
NASH towards HCC are not well understood. In 2018, three key papers 
were published that help us better understand these processes.

Key advances

•	endoplasmic reticulum (er) stress contributes to hepatocellular carcinoma (HCC) that is driven 
by nonalcoholic steatohepatitis (NaSH)5–7.

•	Caspase 2, a non-apoptotic caspase, is activated by the Ire1α branch of er stress and controls 
NaSH by cleaving site-1 protease, which activates sterol regulatory element-binding proteins 
and results in NaSH development5.

•	Inhibiting bax inhibitor 1 increases the activity of the Ire1α signalling branch of the er stress 
response and results in NaSH, but more importantly the phenotype can be reversed by treating 
bax inhibitor 1 null mice with an Ire1α rNase activity inhibitor7.

•	another approach to treat NaSH-driven HCC is the use of small molecules mimicking 
amPK-mediated acetyl-Coa carboxylase (aCC) inhibition as aCC-activating mutations increase 
hepatic carcinogenesis6.
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membrane-associated full length S1P were 
increased and no S1P polypeptides were pres-
ent in the ER, which indicates that caspase 2 
activates S1P, thereby promoting SREBP acti-
vation followed by the  excessive accumulation 
of free cholesterol that contributes to NASH 
development.

Caspase 2-generated S1P cleavage prod-
ucts enter the circulation and are found 
in human patients with NASH at much 
higher levels than in healthy controls and 
even patients with NAFLD5. This finding 
might enable the use of caspase 2-generated 
S1P cleavage products as a much-needed 
non-invasive biomarker for NASH. As Kim 
and co-workers5 clearly showed that caspase 2 
inhibition prevented NASH, they investigated 
the therapeutic value of this approach and 
injected a caspase 2 inhibitor into MUP-uPA 
mice fed a high-fat diet. They observed that 
the treatment prevented hepatic steatosis, 
alongside reduced ballooning of hepatocytes, 
decreased macrophage  recruitment and less 
fibrosis than in the control group.

stress response in NASH-driven HCC (Fig. 1). 
This approach is a promising strategy for find-
ing new treatments for NASH-driven HCC, a 
disease that is markedly on the rise in all parts 
of the globe.
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As mentioned above, caspase 2 is directly 
influenced by IRE1α signalling and there-
fore ER stress. Targeting and reducing ER 
stress to control NASH development seems 
to be a valuable approach, which has also 
been demonstrated by Lebeaupin and col-
leagues7. In their study, the authors blocked 
BI-1 (encoded by Tmbim6), a negative regu-
lator of IRE1α, to test whether this promoted 
NASH development, as they observed that 
BI-1 levels in patients with NAFLD were  
down regulated and IRE1α levels were upregu-
lated. NASH was observed in Tmbim6−/− mice 
fed a high-fat diet, along with elevated levels 
of IRE1α, XBP1, CHOP, ALT and AST and 
activation of the NLRP3 inflammosome, 
which highlights the importance of inflam-
mation and ER stress in the disease aetiol-
ogy. More importantly, treating these mice 
with an IRE1α RNase inhibitor reversed the 
phenotype and rescued the animals from 
 developing NASH.

Together, these studies from the past year 
highlight the importance of targeting the ER 
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Fig. 1 | The spectrum of disease progression from a healthy liver to hepatocellular  
carcinoma due to lipid overload. ER , endoplasmic reticulum; HCC, hepatocellular carcinoma;  
NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis.


