
EDITORIAL
Acetyl-CoA Carboxylase Inhibition as a Therapeutic Tool in the
Battle Against NASH: Hitting More Than Just One Mechanism?
he continuously increasing prevalence of excessive
Tbodyweight in the world’s population, combined
with a sustained rise in life expectancy, has led nonalcoholic
fatty liver disease (NAFLD) pathology to become the num-
ber one burden of liver disease. Indeed, an astonishing
20%–30% of the global adult population is affected by
NAFLD, which frequently progresses to nonalcoholic stea-
tohepatitis (NASH), in which excessive fat accumulation is
accompanied by inflammation, hepatocyte ballooning, and
even fibrosis.1 Because of the absence of approved anti-
NAFLD pharmacotherapeutics, the clinical management of
patients with NAFLD/NASH mainly relies on promoting
significant lifestyle changes and/or bariatric surgery. How-
ever, these interventions are often insufficient for the
treatment of the more advanced stages of liver fibrosis and
for preventing further important complications. Therefore,
the need for novel pharmaceuticals with metabolism-
modifying, anti-inflammatory, or antifibrotic mechanisms
is imperative. In the search for such novel drugs, various
fibrosis-related mechanisms are proposed as potential
beneficial targets, including cell stress/death, inflammation,
the gut-liver axis, myofibroblastic activation, and metabolic
pathways.2

The metabolic perturbations that accompany the initia-
tion and progression of NAFLD/NASH represent an inter-
esting therapeutic target. One such promising strategy is
the inhibition of acetyl-CoA carboxylase (ACC), a key
enzyme in the regulation of lipid metabolism. ACC catalyzes
Figure 1. PF-05221304, a
dual acetyl-CoA carbox-
ylase 1/2 (ACC1/2) inhib-
itor, is a promising
therapeutic tool for
NASH. ACC catalyzes
acetyl-CoA and carbonate
into malonyl-CoA, which
promotes steatosis
through stimulation of de
novo lipogenesis (DNL)
and inhibition of fatty acid
(FA) oxidation. The inhibi-
tion of ACC through action
of PF-05221304 was
found to not only diminish
steatosis, but also to
hamper inflammation and
stellate cell activation,
promoting NASH amelio-
ration in rodent models.
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the synthesis of malonyl-CoA from acetyl-CoA and carbon-
ate, which is an important substrate for de novo lipogen-
esis, and which simultaneously inhibits fatty acid oxidation
(Figure 1).3 Exploratory studies inhibiting ACC demon-
strated its potential to reduce liver steatosis.4,5 However,
whether inhibition of ACC has additional effects on key
drivers of NASH (ie, fibrosis and inflammation), is
unknown.

In this issue of Cellular and Molecular Gastroenterology
and Hepatology, Ross et al6 explore the effects of PF-
05221304, a dual ACC1/2-inhibitor, in rodent models of
NASH, and in vitro studies using primary human liver
cells. In line with previous observations made through
use of other ACC inhibitors,4,5 PF-05221304 diminished
de novo lipogenesis, both in isolated primary human cells
and in Western diet–fed rats.6 However, in contrast with
previous studies that had reported an elevation in circu-
lating triglyceride levels,4,5 no significant changes in body
weight, fasting glucose, triglyceride, and cholesterol levels
were observed. Interestingly, although dose-dependent
reductions in hepatic triglyceride levels were identified
in the PF-05221304-treated Western diet model, no ef-
fects on the extent of hepatic steatosis were observed
when administrating the drug to diethylnitrosamine
(DEN) and choline deficient and high-fat diet (CDAHFD)
rat models.6

Because of the known association of increasing levels
of infiltrating inflammatory cells during the NASH
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pathology, and the recent association of an elevated ratio
of Th17-inflammatory over Treg-cells to NASH progres-
sion,7 Ross et al6 decided to also investigate the effect of
PF-05221304 on the inflammatory outcome. Interestingly,
they found that the drug suppresses the polarization of
T cells toward the proinflammatory Th17 T cells, but not
the anti-inflammatory Treg cells. Additionally, the admin-
istration of PF-05221304 to the DEN and CDAHFD
rodent models led to an overall reduction in hepatic
inflammation.6

Previous reports concerning the effects of ACC inhibitors
on fibrogenesis were inconsistent. Although most studies
did not describe fibrosis-alternating effects, or even
observed negative results,5 a recent study reported direct
inhibition of hepatic stellate cell (HSC)-activation and
fibrosis outcome in a DEN and CDAHFD rat model using the
ACC inhibitor firsocostat.8 In line with these observations,
Ross et al6 also find, using the same rodent models of liver
disease, reduced expression of the fibrogenic markers aSMA
and Col1a1 following treatment with PF-05221304.6 Both
studies suggest such antifibrotic effects to be caused by
direct (inhibition of de novo lipogenesis in the HSC) and
indirect (less lipotoxicity) mechanisms.

An aspect that is not addressed by the current study, but
worth further exploration, is to test whether ACC1/2 inhi-
bition impacts hepatocarcinogenesis. ACC and de novo
lipogenesis have been linked to the development of hepa-
tocellular carcinoma (HCC), and pharmacologic ACC inhibi-
tion reduced HCC progression in rat models.9 Such a tumor-
suppressing activity of ACC inhibitors could provide
particular value for patients with NASH that are at risk for
HCC.

The perspective of blocking NAFLD pathogenesis via ACC
inhibition at different levels (hepatocyte defattening,
diminishing inflammation, stellate cell deactivation, and
potentially also limiting tumorigenesis) is intriguing.
Although the current work highlights the prospects of PF-
05221304 in the battle against NAFLD/NASH, the preclini-
cal data do not allow immediate translation into clinical
scenarios. Clinical data using the ACC1/2 inhibitor firsoco-
stat raised important safety concerns. In a randomized
controlled phase 2 trial with 126 participants, asymptomatic
grade 3 or 4 triglyceride elevations (>500 mg/dL) were
observed in 16 patients receiving firsocostat 20 mg (n ¼ 7)
or 5 mg (n ¼ 9).5 Same as for the PF-05221304 compound,6

this side effect was not seen in the rodent model.8 In
addition, increasing fatty oxidation by ACC2 inhibition may
result in increased accumulation of mitochondrial acetyl-
CoA and activation of pyruvate carboxylase, which could
promote increased hepatic gluconeogenesis.10 Although
ACC-induced hypertriglyceridemia could be mitigated by
fish oil or fibrates, the immediate consequences for glucose
metabolism and the long-term cardiovascular effects
require proper investigations.

The study by Ross et al6 provides encouraging effects of
PF-05221304 administration, through diminishment of
steatosis, hampering of inflammatory outcome, and reduc-
tion of HSC-activation in rodent models (Figure 1). This
work supports the future clinical exploration of PF-
05221304, which is already suggested to be safe, well-
tolerated, and with preliminary beneficial effects for pa-
tients with NAFLD in clinical trials.11,12 Nonetheless, safety
signals from competing ACC inhibitors in clinical develop-
ment favor the concept of integrating ACC inhibition in a
combinatorial therapeutic approach to mitigate risks and
preserve benefits in the treatment of NASH.
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