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Abstract

Background: Metabolic dysfunction–associated steatotic liver disease

(MASLD) is an increasingly prevalent condition and a major risk factor for

chronic liver damage, potentially leading to steatohepatitis and HCC. It is

already known that patients with MASLD show increased systemic and

hepatic iron concentrations as well as perturbed lipid metabolism, suggesting

the involvement of ferroptosis in the development and progression of

MASLD. Consequently, inhibition of ferroptosis represents a potential

therapeutic option for patients with MASLD.

Methods: We investigated whether liver parenchymal cell–specific deletion

(LPC-KO) of the pro-ferroptotic gene acyl-CoA synthetase long-chain family

member 4 (ACSL4LPC-KO) reduces MASLD onset and progression in mice.

ACSL4LPC-KO and wild-type littermates were fed a choline-deficient high-fat

diet (CD-HFD) or a Western diet for 20 weeks (CD-HFD and Western diet) or

40 weeks (CD-HFD only) to monitor MASLD progression and metabolic

syndrome development.

Results: In contrast to the recently published studies by Duan et al, our

results show no significant differences between ACSL4LPC-KO and wild-type

mice with regard to the development of MASLD or the progression of

metabolic syndrome. Furthermore, no differences were observed in meta-

bolic parameters (ie, weight gain, glucose tolerance test, hepatic steatosis)

or MASLD-associated inflammatory response.
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Conclusions: Our analyses, therefore, suggest that loss of ACSL4 has no

effect on the progression of MASLD induced by CD-HFD or the Western diet.

The discrepancy between our and previously published results could be due

to differences in the diets or the influence of a distinct microbiome, so the

results obtained with hepatocyte-specific ACSL4LPC-KO should be taken

with caution.
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INTRODUCTION

Obesity and its associated complications are a growing
global public health challenge. As such, the incidence of
metabolic dysfunction–associated steatotic liver disease
(MASLD), as a hepatic manifestation of metabolic
disease, has increased in recent years.[1,2] MASLD is
defined as increased hepatic steatosis, either due to
increased alcohol consumption or dietary fat intake. An
increase in steatosis can result in liver damage and
inflammation, which is known as metabolic dysfunction–
associated steatohepatitis (MASH). If left untreated, this
can progress to cirrhosis and HCC.[3] The therapeutic
options available for these patients are severely limited.
Only a minority of patients are able to achieve lifestyle
modification with consequent loss of body weight.[4] In
contrast, bariatric surgery is highly invasive and associ-
ated with complications.[5] Consequently, there is an
urgent need for noninvasive therapeutic approaches.
Despite considerable efforts that have been made in
metabolic science in the past years, no drug has been
approved for use in patients with MASLD. Programmed
cell death has previously been linked to the pathogenesis
of MASLD/MASH. However, preclinical studies on the
best studied programmed cell death forms apoptosis[6,7]

and necroptosis[8,9] showed contradictory results. Fer-
roptosis, a form of regulated necrotic cell death driven by
iron-dependent lipid peroxidation, has been implicated in
the pathogenesis of MASLD.[10]

The susceptibility of cells to ferroptosis is, among
others, influenced by intracellular iron levels[11] and the
composition of the lipid membrane, with high levels of
polyunsaturated fatty acids in phospholipids promoting
ferroptosis.[12,13] Patients with MASLD or MASH display
elevated serum and liver iron levels, indicative of an
increased ferroptosis sensitivity.[14] Furthermore, acyl-
CoA synthetase long-chain member 4 (ACSL4), which
may contribute to ferroptosis susceptibility by preferably
activating long-chain polyunsaturated fatty acids that
can then be esterified into phospholipids of cellular
membranes,[12] is upregulated in patients with hepatic
steatosis.[15] Based on this, it has recently been shown
that the inhibition of ferroptosis through hepatocyte-
specific knockout of ACSL4 in mice protects against

developing obesity and associated steatosis when fed a
high-fat/high-cholesterol/high-fructose diet (42% kcal
fat, 42% kcal cholesterol with drinking water containing
sucrose and fructose), a methionine-choline–deficient
diet, or a high-fat diet (60% kcal fat).[16]

In the present study, we set out to investigate the
effects of a conditional liver parenchymal cell (LPC)-
specific ACSL4 knockout (ACSL4LPC-KO) in mice fed
with a choline-deficient high-fat diet (CD-HFD) and a
Western diet (WD). These diets are known to efficiently
recapitulate the key features of human metabolic
syndrome, which encompasses weight gain and the
development of glucose intolerance.[17] Notably, no
differences were observed between ACSL4LPC-KO and
wild-type (WT) mice with regard to the development of
MASLD or metabolic syndrome. Our findings, therefore,
challenge the prevailing view on the involvement of
ferroptosis in the development of MASLD and under-
score the necessity of employing diverse dietary
regimens in the quest for innovative therapeutic
approaches.

METHODS

Mice

Acsl4tm1a(EUCOMM)Wtsi mice were obtained from Infra-
frontier (EMMA strain EM:05887). These were subse-
quently crossed with Flp-deleter mice to remove the
FRT-flanked lacZ/neomycin cassette to obtain mice
only harboring the loxP-site–flanked Acsl4 alleles
(designated Acsl4tm1c(EUCOMM)Wtsi). Mice carrying
LoxP-site–flanked alleles of Acsl4 were crossed to
alfpAlb-Cre transgenic mice[18] that express the Cre
recombinase regulated by both mouse albumin regula-
tory elements and α-fetoprotein enhancers to generate
LPC-specific ablated mice. In all experiments, litter-
mates carrying the respective loxP-flanked alleles but
lacking expression of Cre recombinase were used as
WT controls. The Cre recombinase is expressed in a
hemizygous state. For 4-HNE staining, the liver of Alb-
creERT2;Gpx4fl/fl mice on a standard diet (SD) 5 days
after tamoxifen injection served as positive control.
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For 4-HNE staining, the liver of tamoxifen-induced
hepatocyte-specific GPX4 KO (Alb-creERT2;Gpx4fl/fl)
mice was used as a positive control 5 days after
tamoxifen injection (GPX4Δhep).[19]

Diet

In all experiments, 6-week-old male mice were fed a CD-
HFD (Research Diets; D05010402), a WD (Research
Diets; D16022301i), or an SD (Ssniff; V1534-30099) for
varying time intervals as indicated. At the end of the
feeding protocol, mice were fasted for at least 12 hours
before being euthanized.

Glucose tolerance test

Mice were fasted overnight for 12 hours. On the next day,
2 mg of glucose per gram body weight was i.p. injected,
and tail blood was taken at the indicated time points.
Glucose levels were determined using a hand-held
glucose analyzer (Contour XT Bayer) for the indicated
time points.

Serum-analysis

Serum ALT, AST, GLDH, LDH, cholesterol, and
triglycerides were measured by standard procedures
in the Laboratory Diagnostic Center (LDZ) of the RWTH
University Hospital Aachen.

RNA isolation and complementary DNA
synthesis

RNA isolation and complementary DNA (cDNA) syn-
thesis were conducted in accordance with the manu-
facturer’s protocol using the RNeasy Mini Kit (Qiagen)
for RNA isolation. The purity and concentration of the
RNA were determined spectrophotometrically on the
NanoDrop at an absorbance of 260 nm/280 nm. To
obtain cDNA, 1 μg of RNA per experimental sample was
processed with the QuantiTect cDNA Synthesis Kit
(Qiagen) according to the manufacturer’s instructions.
For subsequent processing by real-time polymerase
chain reaction (RT-PCR), the cDNA was diluted with
nuclease-free water to a concentration of 10 ng/µL.

Oligonucleotides

The oligonucleotides were purchased from MWG
Biotech and were used for quantitative expression
analysis by PCR. According to the manufacturer’s
instructions, the oligonucleotides were dissolved in a

solution of 100 pg/µL. For practical reaction application,
the corresponding primer pairs were diluted again,
resulting in a final concentration of 0.4 pg/µL. The
sequences of the primers can be found in Supplemental
Figure S3, http://links.lww.com/HC9/B962.

Quantitative real-time polymerase chain
reaction

RT-PCR was conducted on the ViiA7 qRT-PCR system
(Applied Biosystems/Thermo Fisher Scientific) in 96-well
microtiter plates utilizing the oligonucleotide primers
previously described. Each reaction batch comprised a
total volume of 25 µL, comprising 1.2 µL cDNA (10 ng/µL),
12.5 µL GoTaq qPCR Master Mix (Promega), 9.3 µL
nuclease-free H2O, and 1 µL of each of the correspond-
ing sense and antisense primers (10 pmol/µL). The PCR
reaction cycles included a single step of 2 minutes at 50°
C, an initial denaturation at 95°C for 10 minutes, followed
by 40 cycles, each cycle consisting of 15 seconds at 95°
C (denaturation) and 1 minute each at 60°C (annealing
and elongation). A melting curve analysis was conducted
for quality assurance purposes following each run,
comprising 15 seconds at 95°C, 1 minute at 60°C, and
15 seconds at 95°C. For each experimental condition, 2
ΔCt values were determined by RT-PCR, and the
arithmetic mean was calculated.

Western blot analysis

Liver tissue was homogenized in NP-40 lysis buffer using a
tissue grind pestle (Kontes). Cell debris were removed by
centrifugation for 10 minutes with 10,000 rpm and 4°C,
thereby gaining protein lysates. These were resolved
by reducing SDS-polyacrylamide gel electrophoresis,
transferred to PVDF membrane and analyzed by immuno-
blotting as described.[20] Membranes were probed with
anti-ACSL4 (Invitrogen) and anti-GAPDH (Bio-Rad). As
secondary antibodies, HRP-conjugated anti-rabbit (ACSL4)
and HRP-conjugated anti-mouse (GAPDH) were used.

Histological examination and evaluation

Liver tissue was fixed with paraformaldehyde (4%) and
paraffin-embedded. Resulting paraffin sections (3 µm)
were stained with hematoxylin and eosin or various
primary and secondary antibodies, followed by diamino-
benzidine staining. The following antibodies were used:
antibodies against F4/80 (BMA Biomedicals AG, 1:120),
B220 (BD Pharmingen, 1:3000), and CD3 (Zytomed,
1:250). The analysis was conducted using QuPath. 4-
HNE staining was performed using VECTASTAIN Elite
ABC-HRP Kit (PK-6101) and anti-4-HNE monoclonal
antibody (HNEJ-2; Jaica, 1:200).
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Frozen liver tissue was embedded in a tissue
embedding medium and sectioned at a thickness of
15 μm using a cryostat. The sections were stained with
Oil Red O (Sigma; O0625) following the manufacturer’s
protocol to visualize lipid content. Nuclear staining was
performed by immersing the slides in hematoxylin
solution (Sigma; GHS316) for 1 minute.

The histological scoring system for NAFLD, the old
nomenclature of MASLD, was performed according to
the NAS scoring system.[21]

Liquid chromatography-mass
spectrometry

Extracts of mouse liver tissue samples (ca. 50 mg) were
dried under nitrogen after being dissolved and homoge-
nized in 1 mL ethanol/PBS (85%/15%) by precellys
ceramic beads (CK 14S) using the Minilys homogenizer
(Bertin Technologies). The dried extracts were dissolved
in 1 mL solvent mixture (acetonitrile/2-propanol; 1/1). For
tandem mass spectrometric analysis (QTRAP 5500,
sciex), the SPLASH Lipidomix Mass Spec Standard
(Avanti) includes the isotopically labeled internal stan-
dards of the lipid classes and was added to the samples
before extraction. A flow injection analysis method and an
isocratic mode were used. The mobile phase consisted of
acetonitrile/2-propanol/dichloromethane (45:45:10, vol/
vol/vol). An analytical UHPLC (ExcionLC AD; sciex) was
coupled to MS/MS. The lipid classes PE and lysophos-
phatidylethanolamine (LPE) were measured by a neutral
loss scan of 141 m/z, and phosphatidylcholine (PC) and
LPC were measured by a precursor ion scan of 184 m/z.
The following mass ranges were chosen: 580–880m/z for
PE, 380–580 m/z for LPE, 600–900 m/z for PC, and
400–600 m/z for LPC. Positive ionization mode was
performed for the lipid analysis. The software LipidView
(V1.2; Sciex) was used for the identification and quanti-
fication of the detected lipid compounds.[22]

Ethics approval

All animal experiments were approved by the Federal
Ministry for Nature, Environment and Consumers’
Protection of the state of North Rhine-Westphalia and
were performed in accordance to the respective
national, federal, and institutional regulations. The
authors confirm that all experiments were done in
accordance to the ARRIVE guidelines.

Statistical analysis and general
experimental design

The data were analyzed using PRISM software (Graph-
Pad Prism 8 Software, Inc.) and are expressed as the

mean with SD if indicated. The statistical significance
between the experimental groups was assessed using
an unpaired 2-sample t test and a Mann-Whitney test.

RESULTS

ACSL4LPC-KO fails to provide protection
against the development of metabolic
syndrome on CD-HFD

To study the effect of ferroptosis inhibition in MASLD,
we deleted the pro-ferroptotic regulator ACSL4 specif-
ically in liver parenchymal cells (ACSL4LPC-KO)
(Figure 1A). As expected, ACSL4LPC-KO mice exhibited
specific alterations in the lipid profile of whole liver
tissue, including the accumulation of lysophosphatidyl-
choline 16:0 and LPE 16:0 and 18:0, revealing a
functional knockout[23] (Figure 1A and Supplemental
Figure S1, http://links.lww.com/HC9/B962). To function-
ally dissect the specific outcome of impaired ferroptosis
in MASLD, ACSL4LPC-KO and WT littermates were fed
with CD-HFD for either 20 or 40 weeks. As shown in
Figure 1C, CD-HFD feeding resulted in weight gain over
the 20-week and 40-week feeding period. However, no
differences were observed between ACSL4LPC-KO and
WT mice in terms of relative weight gain or absolute
weight (Figures 1C, D). This was also accompanied by
a similar weekly feed intake (Figure 1E).

Since obesity and MASLD often is accompanied by
the development of type II diabetes, we next examined
the impact of ACSL4LPC-KO in glucose tolerance test
under CD-HFD. CD-HFD resulted in impaired glucose
tolerance compared to mice fed an SD. In accordance
with the previously observed outcomes, the deletion of
ACSL4 did not improve glucose tolerance in either the
20-week feeding group (Figure 1F) or the 40-week
feeding group (Figure 1G).

To summarize, the knockout of Acsl4 in liver
parenchymal cells does not protect against diet-induced
weight gain and its consequences.

ACSL4LPC-KO does not protect mice from
developing MASLD and associated hepatic
injury

As described above, CD-HFD not only leads to weight
gain and the development of metabolic syndrome but
also to MASLD with subsequent liver damage. To
investigate the influence of liver parenchymal cell–
specific knockout of Ascl4 on the development of
MASLD with progression to MASH, we further charac-
terized the hepatic phenotype of mice under CD-HFD.
Macroscopic and histopathological examination of the
liver showed pronounced steatosis, but no differences
between ACSL4LPC-KO and WT mice after 20 and 40
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F IGURE 1 ACSL4LPC-KO has no impact on weight gain and glucose tolerance under CD-HFD. (A) ACSL4 protein levels in the livers of
ACSL4LPC-KO and loxP-flanked control mice fed normal chow were assessed by Western blot. (B) ACSL4LPC-KO resulted in distinct alterations in
the lipid profile of whole liver tissue in LPCh and LPE species, as measured through LC/MS. (C, D) ACSL4LPC-KO showed similar weight gain
compared to WT under CD-HFD over the indicated time period, both in terms of relative weight gain (C) and absolute weight (D). (E) Feed intake
was lower in CD-HFD than in SD, but did not differ between ACSL4LPC-KO and WT. (F, G) CD-HFD led to impaired glucose tolerance compared to
SD measured by glucose tolerance tests. In 20-week-old (F) and 40-week-old mice (G) fed with indicated diets, no difference between ACSL4LPC-
KO and WT was observed. Mann-Whitney U test, * for p ≤ 0.05. Abbreviations: ACSL4LPC-KO, liver parenchymal cell–specific deletion of pro-
ferroptotic gene acyl-CoA synthetase long-chain family member 4; CD-HFD, choline-deficient high-fat diet; LC-MS, liquid chromatography-mass
spectrometry; LPCh, lysophosphatidylcholine; LPE, lysophosphatidylethanolamine; SD, standard diet; WT, wild-type.
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F IGURE 2 ACSL4LPC-KO does not protect against liver injury or the development of MASLD, despite providing protection against lipid
peroxidation. (A) ACSL4LPC-KO mice and WT mice both develop steatosis hepatitis after 20 and 40 weeks of feeding. (b) No difference between
ACSL4LPC-KO and WT in the development of steatohepatitis was observed in the NAS score on histology in 20-week-old and 40-week-old mice.
(C) As indicated by 4-HNE staining, pronounced lipid peroxidation was detected in WT mice compared to ACSL4LPC-KO mice when fed a CD-HFD
for 40 weeks and a WD for 20 weeks. The liver of tamoxifen-induced hepatocyte-specific GPX4 KO (Alb-creERT2;Gpx4fl/fl) mice was used as a
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weeks of CD-HFD were observed (Figure 2A). In line,
the NAS score also demonstrated no differences
between the 2 groups (Figure 2B). Importantly, 4-
hydroxynonenal, a highly toxic aldehyde product of lipid
peroxidation recently validated as a specific in vivo
marker for ferroptosis induction,[24,25] was increased in
livers of WT mice compared to ACSL4LPC-KO mice
(Figure 2C). The liver of tamoxifen-induced hepatocyte-
specific GPX4 KO (Alb-creERT2;Gpx4fl/fl) mice was
used as a positive control 5 days after tamoxifen
injection (GPX4Δhep). Furthermore, serum cholesterol
and triglyceride levels were found to be similar in WT
and ASCL4LPC-KO mice (Figures 2D, E). Since the
progression of MASLD to MASH is associated with liver
damage, we next measured the serum parameters for
liver injury (AST, ALT, and GLDH) in mice fed with CD-
HFD and SD. While CD-HFD was associated with mild
hepatitis, there were also no differences between
ACSL4LPC-KO and WT mice in the group of 20 weeks
and 40 weeks of feeding (Figures 2D, E).

Together, both ACSL4LPC-KO and WT mice devel-
oped diet-induced liver damage as defined by MASLD
or MASH to the same extent.

ACSL4LPC-KO mitigates inflammation and
fibrogenesis induced by CD-HFD

As the progression of MASLD to MASH in humans is
accompanied by intrahepatic inflammation with an
accumulation of immune cells, we further sought to
characterize inflammation upon CD-HFD feeding. It has
already been described that the infiltration of different
immune cells, particularly lymphocytes, contributes to
the phenotype observed in CD-HFD.[17] Of note, we
could not detect differences between ACSL4LPC-KO and
WT mice regarding the amount of infiltrating CD3+ T
lymphocytes, cytotoxic CD8+ T cells or CD4+ T-helper
cells, B220+ B lymphocytes, or F4/80+ macrophages
(Figures 3A–C and Supplemental Figure S2, http://links.
lww.com/HC9/B962). We further examined the expres-
sion of the indicated cytokines and alarmins in the
whole liver tissue of mice fed with CD-HFD. Again, no
differences in hepatic inflammation induced by CD-HFD
between ACSL4LPC-KO and WT mice could be observed
(Figure 3D).

Since both Duan et al paper and similar studies[16,23]

have shown that ACSL4 alters the expression of genes
associated with hepatic fibrogenesis and hepatic lipid
deposition, we next examined the extent to which the
expression of selected genes differs between KO and

WT mice in our diet model. The expression levels of
fibrosis- and lipid-deposition–associated genes were
examined using quantitative RT-PCR, which once again
demonstrated that genes promoting hepatic fibrogenesis
and hepatic lipid deposition were not significantly down-
regulated in ACSL4LPC-KO mice compared to WT mice
(Figure 3E).

Taken together, these findings suggest that
ACSL4LPC-KO in our dietary model does not affect
hepatic inflammation, fibrogenesis, or lipid metabolism
in the progression of MASLD and MASH.

ACSL4LPC-KO does not provide protection
against weight gain when mice are
subjected to WD

To exclude the possibility of a methodological effect,
WT and ACSL4LPC-KO mice were subjected to a WD,
which also resulted in weight gain and the development
of a metabolic syndrome. However, as illustrated in
Figure 4, the ACSL4LPC-KO does not confer protection
against weight gain, whether assessed in absolute or
relative terms and was not different from the WT
littermates.

DISCUSSION

Ferroptosis is characterized by an iron-dependent,
unrestrained generation of lipid hydroperoxides in
cellular membranes, which subsequently leads to
membrane deterioration, membrane rupture, and cell
death.[26] ACSL4 may increase the cell’s susceptibility
to ferroptosis, as it preferably activates long-chain
polyunsaturated fatty acids (namely arachidonic acid
and adrenic acid) which upon esterification into phos-
pholipids by another class of enzymes may undergo
peroxidation, thereby contributing to phospholipid
autooxidation and cell membrane rupture.[12] Interest-
ingly, arachidonic acid has been demonstrated to be
upregulated in mice fed a methionine-choline–deficient
diet suggesting therapeutic potential in modulating
ferroptosis in MASLD.[27]

Indeed, pharmacological ferroptosis inhibitors (eg,
ferrostatin-1, liproxstatin-1, or Trolox) mitigate MASLD
and inflammation-associated MASH progression in
mice.[27–30] Moreover, rosiglitazone, a PPARγ agonist
and approved drug for the treatment of diabetes
mellitus, exerts its effect by inhibiting ACSL4 (as an
off-target effect) and ferroptosis, leading to weight loss,

positive control 5 days after tamoxifen injection (GPX4Δhep). (D, E) After 20 weeks (D) and 40 weeks (E), the CD-HFD led to an increase in serum
values showing liver damage (AST, ALT, GLDH, and LDH) and aberrant parameters of lipid metabolism (cholesterol) as indicated. No difference
could be detected between ACSL4LPC-KO and WT mice. Mann-Whitney U test, ** for p ≤0.01. Abbreviations: ACSL4LPC-KO, liver parenchymal
cell–specific deletion of pro-ferroptotic gene acyl-CoA synthetase long-chain family member 4; CD-HFD, choline-deficient high-fat diet; MASLD,
metabolic dysfunction–associated steatotic liver disease; WD, Western diet; WT, wild-type.
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and it has been described to ameliorate arsenic-
induced steatohepatitis in mice.[31–34] Examining the
distinct role of ACSL4 in the progression of MASLD,
Duan et al challenged ACSL4LPC-KO and WT mice with
3 different diets to induce the development of MASLD
and metabolic syndrome: (i) high-fat, high-cholesterol,
and high-fructose diet, (ii) methionine-choline–deficient
diet, and (iii) high-fat diet. They found that ACSL4LPC-KO

mice show increased mitochondrial respiration and

β-oxidation with increased catabolic fatty acid metabo-
lism, which protected against MASLD and metabolic
syndrome.[16]

In this work, we first challenged the role of ACSL4 in
the same ACSL4LPC-KO mouse model when subjected
to CD-HFD. The CD-HFD induces steatosis, inflamma-
tion, mild fibrosis, and weight gain when fed over 10
weeks.[35]

Unexpectedly, we did not observe a protective effect
in ACSL4LPC-KO mice with regard to the development of
MASLD or weight gain. Moreover, there were no
differences in hepatic injury, cholesterol metabolism,
or glucose tolerance. These contrasting results raise the
question of the underlying causes.

To rule out the possibility that the lack of a discernible
phenotype was due to a nonfunctional knockout of
ACSL4, we conducted a functional validation of the
knockout. We performed a mass spectrometry–based
lipidomic analysis to identify alterations in ACSL4-
related lipids. Consistent with existing literature,[23] we
observed an accumulation of LPC 16:0, as well as LPE
16:0 and 18:0 (Figure 1B). One methodological aspect
of the study by Duan et al is the unclear regulation of
Cre recombinase, as no information was available on
transgene integration or Cre expression status (heter-
ozygous or homozygous), which could have influenced
the phenotype. Moreover, it is well established that
variations in genetic background, potential influences
from the microbiome, or differences in husbandry
conditions across various animal facilities may contrib-
ute to disparate phenotypes.[36,37] However, to exclude
the possibility of a diet-related influence, a secondary
dietary regimen was implemented, which was not used
in the study by Duan et al. The WD has been shown to
induce weight gain and liver fibrosis, particularly when
consumed over extended periods.[38,39] In line with the
CD-HFD model, no differential outcomes were identified
between WT and ACSL4LPC-KO mice in the WD model
(Figure 4), suggesting that the diet is unlikely to be the
primary cause of the observed disparities between both
studies.

As we examined the role of ACSL4LPC-KO under CH-
HFD, it should be noted that investigating ferroptosis in a
CD-HFDmodel may present certain challenges. In line, a
previous study has shown that deferoxamine, a common
ferroptosis inhibitor, was unable to mitigate liver injury in
mice fed a CD-HFD with ethanol.[27] In contrast, 2 other
ferroptosis inhibitors were found to inhibit cell death and
inflammation in the same dietary model: Trolox, a
derivative of vitamin E, and deferiprone, an iron
chelator.[27] In this context, it could be suggested that a

differences in inflammatory parameters (cytokines, distinct receptors, and alarmins) between ACSL4LPC-KO and WT mice fed with the CD-HFD for
40 weeks. (E) Analysis of distinct fibrogenesis and fat metabolism–associated genes in whole liver tissue after 40 weeks of CD-HFD showed no
difference between WT and ACSL4LPC-KO. Abbreviations: ACSL4LPC-KO, liver parenchymal cell–specific deletion of pro-ferroptotic gene acyl-CoA
synthetase long-chain family member 4; CD-HFD, choline-deficient high-fat diet; WT, wild-type.
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Western diet. (A, B) ACSL4LPC-KO showed similar weight gain com-
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pro-ferroptotic gene acyl-CoA synthetase long-chain family member 4;
CD-HFD, choline-deficient high-fat diet; WT, wild-type.
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choline-deficient diet limits the synthesis of PC, which is a
driver of ferroptosis, and thus reduces the protective
effect of ACSL4LPC-KO. However, it has been already
shown that dietary choline deficiency does not lead to a
decrease in hepatic PC in mice.[40]

Another hallmark of a CD-HFD is the absence of an
increase in serum triglycerides, as evidenced in this
study (Figures 2D, E). This phenomenon is attributed
to impaired synthesis of VLDL due to choline
deficiency. Consequently, the disruption of VLDL
synthesis leads to the accumulation of triglycerides
within the liver, ultimately resulting in the development
of steatosis.[41]

Moreover, it is worth mentioning that the observed
weight gain in the CD-HFD exceeded the weight gain
observed in the work of Duan et al[16] when fed a high-
fat diet (HFD) and HFD with added sucrose and
fructose in the drinking water, although the fat content
in the diets was comparable or even less (60% and 42%
vs. 45% for CD-HFD). In this regard, it is important to
highlight that the absence of choline per se does not
result in an increase in body weight.[42] In summary, it
can be concluded that the choice of diet cannot explain
the differing phenotypes.

The progression from MASLD to MASH, cirrhosis,
and eventually HCC is driven by increased intrahepatic
inflammation.[17,43] Given that ferroptosis, as a lytic form
of cell death, leads to immune activation,[44,45] and that
ferroptosis inhibitors have been shown to alleviate
inflammatory damage in mice,[28] we hypothesized that
ACSL4LPC-KO would attenuate hepatic inflammation and
subsequent fibrogenesis. However, even though lym-
phocytes and macrophages are known to be primary
cells involved in the pathogenesis of MASH,[43,46] no
differences were detected in the investigated cell types
(Figures 3A–C; Supplemental Figure S2, http://links.
lww.com/HC9/B962). Moreover, the expression of
distinct cytokines known to be involved in MASH
development, fibrogenesis, and lipid metabolism[16,23]

was unaffected by ACSL4LPC-KO (Figures 3D, E).
In conclusion, our study shows that the targeted

deletion of ACSL4 in LPC in mice fed a CD-HFD or WD
has no effect on the formation of a metabolic syndrome,
the development of MASLD, or, in the case of CD-HFD,
the inflammation and fibrogenesis that are decisive for
the progression to liver cirrhosis.

The exact reasons for these contradictory results of
our work and that of Duan et al remain elusive.
However, the discrepant results warrant careful consid-
eration of the experimental conditions, such as animal
husbandry and the choice of diet used.
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