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Abstract

Background The global incidence of metabolic dysfunction-associated fatty liver disease (MAFLD) is increasing
annually, which has become a major public-health concern. MAFLD is typically associated with obesity, hyperlipemia,
or metabolic syndrome. Dietary induction is one of the most common methods for preparing animal models of
MAFLD. However, there are phenotypic differences between methionine-choline-deficient diet (MCDD) and high fat
diet (HFD) models.

Methods To explore the differences in hepatic fatty acid metabolism between MCDD and HFD induced MAFLD, we
analyzed serum and liver tissue from the two MAFLD models.

Results We found that liver fat accumulation and liver function damage were common pathological features in both
MAFLD models. Furthermore, in the MCDD model, the expression of hepatic fatty acid transport proteins increased,
while the expression of hepatic fatty acid efflux proteins and mRNA decreased, along with a decrease in blood

lipid levels. In the HFD model, the expression of hepatic fatty acid uptake proteins, efflux proteins and efflux mRNA
increased, along with an increase in blood lipid levels.

Conclusion Impaired fatty acid oxidation and increased hepatic fatty acid uptake play key roles in the pathogenesis
of the two MAFLD models. The inverse changes in de novo lipogenesis and fatty acid efflux may represent an
important pathological mechanism that leads to the phenotypic differences between the MCDD and HFD models.
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Introduction

Metabolic dysfunction-associated fatty liver disease
(MAFLD) is a type of metabolic stress-induced liver
damage that is strongly associated with insulin resis-
tance and genetic susceptibility. This condition includes
metabolic dysfunction-associated fatty liver, metabolic
dysfunction-associated steatohepatitis (MASH), cirrho-
sis, and hepatocellular carcinoma. The global prevalence
of MAFLD among adults is approximately 25% [1]. About
20% MAFLD patients progress to the MASH, which is
one of the main causes of cirrhosis and hepatocellular
carcinoma [2].

Methods for preparing animal models of MAFLD
include dietary induction, gene knockout, and chemical
interventions, etc. [3] Dietary induction is convenient
and economical, and it includes various types such as
methionine-choline-deficient diet (MCDD), high-fat diet
(HFD), western diet (WD), high-cholesterol diet (HCD),
and choline-deficient L-amino-defined diet (CDAA) [4].
Among these, MCDD and HFD feeding are commonly
used to study human MAFLD/MASH; however, there
are phenotypic differences between the two MAFLD
models. MCDD-fed mice can simulate the process of
metabolic dysfunction-associated fatty liver, MASH, and
even liver fibrosis [5]. Although most MAFLD patients
are accompanied with obesity [6, 7], MCDD feeding for
8 weeks reduced the body weight of mice by about 40%
[3, 8-10]. HFD are higher in fat content and HFD-fed
mice exhibit obesity, insulin resistance, hepatic steatosis,
and liver inflammation, which are similar to the progres-
sion characteristics of MAFLD/MASH patients [11, 12].
HED feeding can simulate the metabolic abnormalities
and oxidative stress associated with MAFLD, but it is less
effective at progressing to advanced stages such as liver
fibrosis [5].

Disruption of fatty acid metabolism can lead to lipid
accumulation, obesity, hyperlipidemia, MAFLD, and
other related diseases [13]. The liver plays a key role in
maintaining systemic carbohydrate and lipid homeosta-
sis [14]. According to previous reports, the de novo syn-
thesis, transportation, and oxidation of fatty acids in the
liver are important factors for maintaining the fatty acid
metabolism homeostasis in the body [4]. To choose suit-
able and rigorous animal models and develop therapeu-
tic drugs for clinical studies of MAFLD, this study was
designed to provide a deeper comparative analysis of the
common and specific pathological mechanisms of fatty
acid metabolism in MCDD and HFD models.

Materials and methods

Animals and diets

The animal protocol was approved by the Animal
Care and Utilization Committee of Shanghai Uni-
versity of Traditional Chinese (authorization code:
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PZSHUTCM2212070004). All experiments in this study
were performed following the ARRIVE guidelines for
reporting experiments involving animals [15]. All meth-
ods were carried out in accordance with relevant guide-
lines and regulations. Male wild-type C57BL/6] mice
aged 8 weeks were purchased from Shanghai Xipuer-Bei-
kai Experimental Animal Co, Ltd (license number: SCXK
(Shanghai) 2018-0006, lot number: 20180006044350) and
maintained in the Experimental Animal Center of Shang-
hai University of Traditional Chinese Medicine. All mice
were housed at 23 ~24 ‘C with controlled humidity (60%
+ 10%) and with free access to food and drinking water.
Mice were fed with MCDD (21-kcal% fat, AO2082002BR,
Research Diets), or HFD, (42-kcal% fat, TP26300, Nan-
tong TROPHY Feed Technology Co. Ltd), or a standard
chow (12.4-kcal% fat, 1010085, Jiangsu Xietong Pharma-
ceutical Bio-engineering Co., Ltd).

Experimental design

After 1 week of acclimation, the wild-type C57BL/6]
mice (n=32) were randomly divided into four groups:
(1) MCDD-fed control group (MN, # =38), (2) MCDD-fed
model group (MCDD, n=8), (3) HFD-fed control group
(HN, n=8), and (4) HFD-fed model group (HED, n=38).
MCDD group were fed with a MCDD for six weeks [16].
The HFD group were received HED for twelve weeks
[17]. The MN and HN groups were fed with a standard
chow for 6 and 12 weeks, respectively (Fig. 1).

Sample collection

At the end of the experiment, all mice in each group were
fasted overnight, weighed and then anesthetized with
3% sodium pentobarbital through intraperitoneal injec-
tion. Blood samples were collected and centrifugated at
3000 rpm for 20 min at 4 °C and then stored at -80 °C
until analysis. The liver tissues were rapidly harvested and
weighed. The left liver lobe tissues were freshly collected
and fixed in 4% paraformaldehyde for further processing.
The other parts of the liver samples were immediately
frozen in liquid nitrogen and stored at -80 °C until fur-
ther analysis.

Biochemical analysis

Serum levels of alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), alkaline phosphatase (ALP),
total cholesterol (TC), triglyceride (TG), high density
lipoprotein cholesterol (HDL-C), low density lipoprotein
cholesterol (LDL-C) were determined at Center for Drug
Safety Evaluation and Research, Shanghai University of
Traditional Chinese Medicine according to the manu-
facturer’s instructions of the commercial kits determined
on an automatic biochemical analyzer (TBA-40FR,
TOSHIBA, Japan).
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Fig. 1 Scheme of the experiment

Hepatic free fatty acids (FFA) and TG were measured
according to the instructions of the manufacturer of com-
mercial kits (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China).

Histopathological evaluation

The liver tissue samples were immersed in 4% para-
formaldehyde to achieve adequate fixation, dried, and
embedded in paraffin to produce paraffin slices. Hema-
toxylin and eosin (H&E) and Oil Red O were used to
stain the slices, and a light microscope was used to exam-
ine and take pictures of the pathological characteristics of
the liver tissue. Image J software was used to semi-quan-
titatively measure positively stained area of Oil Red O
staining. Histological features of the liver were evaluated
according to the Kleiner scoring system as previously
described [18], and the sum of these pathological features
was used to estimate the MAFLD activity score (NAS).

RNA isolation and quantitative RT-PCR

Total liver RNA was isolated by the TRIzol reagent and
used for cDNA synthesis based on the manufacturer’s
protocol (BioTNT, China). Then qRT-PCR was operated
using a CFX Connect Real-time PCR system (BIO-RAD,
USA). The level of the internal reference (-actin) gene
was used as the internal control for normalization of the
results, and each mRNA expression was calculated via
the 2744¢" method [19]. The following primers of target
genes (purchased from BioTNT, China): mouse Fas alpha
Forward CCC GCT GTT TTC CCT TGC T, mouse Fas
beta Forward ATC AGT TTC ACG AAC CCG CCT;
mouse ApoB100 alpha Forward TGC TCA CAA GGC
AAC ACT AAA, mouse ApoB100 beta Forward GCA
TTC AAC TCA TTC TCC AGC; mouse MTTP alpha
Forward CCA CCA GAA TCG TAA GGT TCA, mouse

MTTP beta Forward GGA CAG CAG GAT GTT CTT
CAC; mouse p-actin alpha Forward CCT CTA TGC
CAA CAC AGT, mouse B-actin beta Forward AGC CAC
CAA TCC ACA CAG.

Western blot analysis

Fast-frozen liver tissues were weighed, completely
homogenized, and lysed. Equal amounts of protein
determined using BCA kits were separated on 10% SDS-
PAGE; transferred onto PVDF membranes; blocked with
5% BSA; and incubated with the diluted primary antibod-
ies sterol regulatory element binding proteins (SREBP-1c,
sc-13551, Santa Cruz, USA), fatty acid synthase (FAS,
C20G5, CST, USA), peroxisome proliferators activated
receptor a (PPARa, ab215270, Abcam, UK), acyl-coen-
zyme A oxidase 1 (ACOX1, ab184032, Abcam, UK),
recombinant apolipoprotein B100 (ApoB100, ab20737,
Abcam, UK), recombinant microsomal triglyceride trans-
fer protein (MTTP, ab75316, Abcam, UK), carnitine pal-
mitoyl transferase-la (CPT1a, ab128568, Abcam, UK),
fatty acid translocase CD36 (CD36, ab124515, Abcam,
UK), acetyl CoA carboxylase 1 (ACC1, 21923-1-AP, Pro-
teintech, USA), glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH, 60004-1-Ig, Proteintech, USA), fatty acid
transport protein 2 (FATP2, 14048-1-AP, Proteintech,
USA) overnight at 4°C. Afterwards, the membrane was
washed with TBST and incubated with a secondary anti-
body (Beyotime Institute of Biotechnology, China). The
blotted protein bands were detected by chemilumines-
cent assay kit, and the protein expression levels were nor-
malized to GAPDH (Proteintech) by densitometry using
the Image] software (http://rsb.info.nih.gov/ij; National
Institutes of Health, Bethesda, MD, USA).
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Fig. 2 Liver function and liver histopathological changes of mice in each group. (A) Body weight. (B) Liver weight and the liver weight to body weight
ratio of the experimental mice at the end of study. (C) Serum levels of ALT, AST and ALP. (D) H&E (left up panel) and Oil Red O (left down panel) staining for
hepatic sections representative images of quantification of liver steatosis by assessing the Oil Red O area ratio (right panel) 200x%, 100 um. E NAS scores.
Data were expressed as the means+SD. *P<0.05, **P<0.01 vs. MN group. *P<0.05, "P<0.01 vs. HN group. FC, fold change, model-to-normal group ratio.
MN, standard chow diet; MCDD, methionine-choline-deficient diet; HN, standard chow diet; HFD, high-fat diet

Statistical analysis

All Statistical analyses were performed using SPSS soft-
ware (Version 27.0, IBM, Armonk, NY, USA) and Graph-
Pad Prism (Version 8.0, San Diego, California, USA).
Data were evaluated by Unpaired t test and expressed as
mean + standard deviation (SD). Statistical significance
was defined as P<0.05.

Results

Liver fat accumulation and liver function damage in MCDD
and HFD models

Wild-type C57BL/6] male mice were fed MCDD for 6
weeks and HFD for 12 weeks to induce MAFLD. Com-
pared with the MCDD-fed control group (MN) group,
the body weight and liver weight of mice in the MCDD
group were significantly reduced, while the liver to body
weight ratio was significantly increased (2 <0.01). In com-
parison to the HFD-fed control group (HN) group, the
body weight, liver weight and liver to body weight ratio
of mice in the HFD group were significantly increased
(P<0.01) (Fig. 2A-B). Serum ALT, AST, and ALP activi-
ties were significantly increased in both the MCDD
group and HFD group (P<0.01) (Fig. 2C).

Histological analysis using H&E and Oil Red O stain-
ing of the liver tissue showed that the structure of liver
lobules in the MN group and HN group was intact, with
liver cords neatly arranged. In contrast, the MCDD
group exhibited large vacuolar steatosis in the central
vein area and inflammatory infiltrates in the liver lobules.
The HFD group displayed a mixed pattern of large and
small vacuolar steatosis, along with diffuse inflammation
and significant fat accumulation. Oil Red O staining also
demonstrated that the positive staining area, liver inflam-
mation, steatosis, ballooning, and total NAS scores were
significantly increased in both the MCDD group and the
HFD group compared to their respective control group
(P<0.01) (Fig. 2D-E).

Impaired fatty acid oxidation in MCDD and HFD models

Fatty acid oxidation is an important way for metaboliz-
ing fatty acids and producing ATP. Key proteins involved
in fatty acid oxidation include PPARq, carnitine pal-
mitoyltransferase la (CPTla), and ACOX1. Western
blot analysis revealed that the protein expressions of
PPARa, CPT1a, and ACOX1 in the liver tissues of both
the MCDD group and the HFD group were significantly
lower than those in the respective normal control groups

(P<0.01) (Fig. 3A-B). These findings suggested that fatty
acid oxidation was impaired in both MAFLD models.

Fatty acid metabolism in MCDD and HFD models
Biochemical analysis indicated significant decreases in
serum total cholesterol (TC), triglycerides (TG), high-
density lipoprotein cholesterol (HDL-C), and low-den-
sity lipoprotein cholesterol (LDL-C) levels in the MCDD
group compared to the MN group. In contrast, the HFD
group exhibited significant increases in these parameters
compared to the HN group (Fig. 4A). Both the MCDD
and HFD groups exhibited significant increases in
hepatic free fatty acid (FFA) and TG levels compared to
their respective control groups, with a more pronounced
effect observed in the HED group (Fig. 4B).

Western blot analysis showed that the expressions of
CD36 and FATP2 in the liver tissue of both the MCDD
and HFD groups were significantly increased compared
to their respective control groups (P<0.01) (Fig. 4C).
Additionally, compared to the MN group and the HN
group, respectively, the expressions of ApoB100 and
microsomal triglyceride transfer protein (MTTP) pro-
teins in the liver tissue of the MCDD group were
decreased, while the expressions were increased in the
HFD group (P<0.01) (Fig. 4D). Consistently, the mRNA
expressions of ApoB100 and MTTP were decreased
in the MCDD group when compared to the MN group
(P<0.05, P<0.01), while the mRNA expressions of
ApoB100 and MTTP in the HFD group were increased
compared to the HN group (P <0.05) (Fig. 4E-F).

De novo lipogenesis is reduced in MCDD group and
increased in the HFD group

De novo lipogenesis in liver cells is an important source
of fatty acids in the body. SREBP-1c, FAS, and ACC1 are
key factors in regulating de novo lipogenesis. Compared
to the MN group, the protein expressions of SREBP-1c,
FAS, and ACC]1, as well as the mRNA expression of FAS
in liver tissue of the MCDD group, were significantly
reduced (P<0.01) (Fig. 5A-C). In contrast, compared to
the HN group, the expressions of SREBP-1c, FAS, ACC1
and the mRNA expression of FAS in the HFD group was
significantly increased (P<0.05, P<0.01) (Fig. 5A-C).

Discussion

Consistent with previous reports on MCDD and HFD-
induced MAFLD [20-26], mice developed mild inflam-
mation and liver fat accumulation within 2 weeks of
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intervention, followed by severe inflammation and
fibrosis of liver tissue after 4 to 6 weeks of intervention.
Methionine is an essential amino acid for the human
body, playing a pivotal role in physiological processes
such as maintaining cellular redox homeostasis [27]. A
deficiency in methionine can result in impaired pro-
duction of various metabolites, which may lead to rapid
weight loss in animals [28, 29]. The body weight and liver
weight of MCDD-fed mice were decreased, while those
of HFD-fed mice were increased [30-32]. Lipotoxic-
ity is one of the main causes of liver cell dysfunction in
MAEFLD [20]. HE staining and Oil Red O staining of the
liver confirmed that significant steatosis was observed in
both the MCDD and HFD groups. Serum ALT, AST, and
ALP results indicated liver function impairment in both
the MCDD and HFD groups, with greater liver damage
observed in the MCDD group.

Fatty acid oxidation is an important pathway of fatty
acid metabolism, including mitochondrial B-oxidation,
peroxisomal [B-oxidation, and microsomal w-oxidation
[21]. PPAR« is a widely expressed nuclear transcription
factor in the liver that is closely associated with fatty acid
oxidation and transport [33]. PPAR« activates down-
stream proteins such as CPT1a and ACOX1, synergisti-
cally promoting lipid and lipoprotein metabolism while
inhibiting obesity and liver fat accumulation [13, 34]. The
carnitine shuttle facilitates the import of long-chain fatty
acid into the mitochondria, as the mitochondrial inner
membrane is impermeable to them. This system includes
CPT1, acylcarnitine translocase (CACT), and CPT2 [35].
CPTl1a is localized in the outer mitochondrial mem-
brane, where it transporters long-chain acylcarnitines
into the mitochondrial matrix, and then CPT2 converts
long-chain acylcarnitines back to long-chain acyl-CoAs
[36, 37]. CPT1la is closely involved in mitochondrial
oxidation and is a key factor that regulates the entry of
fatty acids into the mitochondrial matrix. A decreased
expression of CPTla promotes liver damage and fat

accumulation [38]. ACOX1 is involved in the first step of
peroxisomal B-oxidation and is the rate-limiting enzyme
of the peroxisomal fatty acid oxidation system, preferen-
tially metabolizes straight-chain fatty acids [39]. Both the
MCDD and HFD groups had significantly lower protein
expression of PPARa, CPT1a, and ACOX1 in liver tissue
compared to the control group, suggesting that hepatic
fatty acid oxidation capacity was impaired in two of
MAFLD mice.

Methionine is a component of antioxidants, and cho-
line is related to the synthesis of phosphatidylcholine
[40]. Methionine and choline are key factors in mito-
chondrial oxidation and the synthesis of very-low-den-
sity lipoproteins (VLDL) in the liver. Antioxidants help
inhibit oxidative stress and improve metabolic homeosta-
sis [41]. A deficiency of both will lead to impaired fatty
acid metabolism and TG transport in the liver, resulting
in increased liver TG accumulation [42, 43]. Significantly
decreased serum TC, TG, HDL-C, and LDL-C levels,
along with significantly increased liver FFA and TG levels
observed in MCDD mice were consistent with previous
literature findings [43].

HEFD feeding causes adipocyte hypertrophy and expan-
sion of adipose tissue [44]. Excessive intake of fatty acids
and carbohydrates due to HFD leads to calorie over-
load and upregulation of proteins involved in fatty acid
uptake, de novo synthesis, and lipid droplet formation
in the liver, resulting in increased TG synthesis [45, 46].
This study found significant increases in serum TC, TG,
HDL-C, LDL-C levels, as well as increased liver FFA and
TG contents in the HFD group, accompanied by signifi-
cant liver fat accumulation.

The proper functionality of hepatic fatty acid uptake
and efflux is closely related to the pathogenesis of
MAFLD. Free fatty acids produced by adipose tissue
lipolysis enter the liver through the bloodstream, con-
tributing to liver fat accumulation [7]. CD36, located
on the cell membrane, acts as a fatty acid transferase to



Wang et al. Biological Procedures Online (2025) 27:14 Page 7 of 11
ﬁ 10 FC: = g
= N S S .
s FC: 203 g %3 KC: 23 FC:
E %1 o020 it S re 1.80 £ 163
E Fe — i > 1.52 Il % [
i i e e
z ] & i Eo.z " g :
S L0y =z T ¥
3 FCG: 3] = 2
- . 0.56 — = 017 < E
€ 0.5 T — i o @
i all
@ 0.0- . T 2 0.0- E
TC TG $ 099 &s@
O 107 ] F =
= s FC: - =
S | e 1.66 ) 2
E 9 y — 2= 3
o 024 i 2
= — FC: £ s
z Hm 381 £ . :
T Lo} o ) =
2 FC: = = E
£ 0.5- T 0.57 = =
= =% -
: = 2 £
?n 0.0- T . == =
HDL-C LDL-C & 9 9 &~
F& ¢
AN
C = | MN -, N
.E _ MCDD W HED
2°1 rfc
£ 32
& *ok FE.:
CD36 °d & B e
: - i 1.71
FATP2 ; 70 kDa S 2 FC: T
F P = i = 0.77
0 -
- . &
= - T T
[=2 CD36 FATP2
D ;
2
2 37 FC:
MN MCDD HN HFD kS 2.09
oy w
E ] v 4 FC:
2 0.62 ﬁ 0.68
A r
MTTP |m ﬁ e ~| |' ’ . -| 99 kDa e 1 —
N s T
GAPDH |- | | ._-] 36 kDa =
- o= (= . <
o 0= T T
e~ ApoB100 MTTP

Fig. 4 Blood lipids, hepatic FFA and TG contents, the protein and mRNA expression of liver tissues. (A) Serum TC, TG, HDL-C and LDL-C levels were as-
sessed. (B) Hepatic FFA, TG levels were assessed. (C) Western blot results for CD36, FATP2 in liver samples. (D) Western blot results for ApoB100, MTTP in
liver samples. (E-F) ApoB100 and MTTP gene levels of liver samples were measured through gqRT-PCR, and normalized against (3-actin level. Data were
expressed as the means + SD. *P<0.05, **P<0.01 vs. MN group. *P<0.05, #P<0.01 vs. HN group. FC, fold change, model-to-normal group ratio. MN, standard
chow diet; MCDD, methionine-choline-deficient diet; HN, standard chow diet; HFD, high-fat diet



Wang et al. Biological Procedures Online (2025) 27:14

A
MN

MCDD

Page 8 of 11

SREBP-1¢ |~ e sia

FAS

Il MN Il HN
= MCDD [ HFD
02 :
2 4 g
- A 5
o 197 4 L0
@ 1.57 =] #
= FC: i /M L 24 .
- p—( s w .
g ra B OFgg Fc: o Q3 0.56
= 0.62 4y 0.55 = [
; — i E l- *k
q; 1 *T* ok ok g -
= =
o 0- T T T 20 T
4 SREBP-1¢ FAS ACC1 &

S
S §
S &

Fig. 5 The expression of proteins and mRNA in the liver of mice in each group. (A-B) Western blot results for FAS, ACC1, SREBP-1c in liver samples. (C)
FAS gene levels of liver samples were measured through gRT-PCR, and normalized against 3-actin level. Data were expressed as the means + SD. *P<0.05,
**p<0.01 vs. MN group. #P<0.05, #¥P<0.01 vs. HN group. FC, fold change, model-to-normal group ratio. MN, standard chow diet; MCDD, methionine-

choline-deficient diet; HN, standard chow diet; HFD, high-fat diet

transport free fatty acids from outside the liver into hepa-
tocytes together with FATP2. Increased CD36 expres-
sion promotes fat accumulation in liver cells. CD36 is
involved not only the uptake of free tatty acids, but also
regulates SREBP1 proteolysis [47]. HFD-fed results in a
higher cellular input of fatty acids and less fatty acid out-
put via oxidation or export, resulting in fat accumulation
in hepatocytes [48]. Consistent with these findings, this
study also observed significant increases in the expres-
sion of CD36 and FATP2 proteins in the liver tissue of
mice in MCDD and HFD group, indicating increased
fatty acid uptake and decreased, accelerating the flow of

free fatty acids from the extrahepatic to the intrahepatic,
and thus leading to the accumulation of liver fat.

The size of the liver FFA pool is related to VLDL-TG
and de novo fatty acid synthesis [49]. VLDL is an impor-
tant carrier for transporting liver TG to the peripheral
blood. ApoB100 is the main structural component of
VLDL, and decreased ApoB100 expression inhibits the
transfer of liver TG to the periphery. MTTP is an endo-
plasmic reticulum lipid transfer protein that plays a key
role in lipoprotein assembly, assisting ApoB100 in the
lipidation of nascent VLDL and the transfer of neutral
lipids between vesicles [50]. This study found decreased
expression of ApoB100 and MTTP mRNA and proteins
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in the liver tissue of the MCDD group, leading to reduced
TG efflux from the liver, increased liver lipid accumula-
tion, decreased peripheral blood lipid levels, and severe
malnutrition. The HFD group showed increased expres-
sion of ApoB100 and MTTP mRNA and proteins, leading
to increased TG efflux, leading to a significant increase in
circulating blood lipid levels.

The elevated de novo synthesis of fatty acids is a crucial
step in the accumulation of TG in hepatocytes. Activated
SREBP-1c translocates to the nucleus and upregulates the
expression of downstream FAS and ACCI1, promoting
fatty acid synthesis [51]. The process of MCDD-induced
hepatic fat accumulation differs from the HFD-induced
mechanisms and is not directly linked to de novo lipogen-
esis [52]. We found that the expressions of FAS mRNA
and the proteins SREBP-1c¢, FAS, ACC1 in the liver tissue
of MCDD group mice were lower than that of the MN

group, whereas the expression of FAS mRNA and these
three proteins in the liver tissue of HFD group mice were
higher than that of the HN group. De novo lipogenesis
was reduced in MCDD group mice but increased in HFD
group mice, which may represent the specific pathologi-
cal mechanism for the phenotypic differences between
the two MAFLD mouse models. Increased de novo lipo-
genesis may be one of the important reasons for fat accu-
mulation in liver tissue and increased blood lipid levels in
HEFD group mice.

Conclusions

In summary, MCDD feeding can induce severe MASH-
related fibrosis in a short period, while HFD feeding can
induce mild liver injury that is similar to that observed
in the majority of MAFLD patients, albeit with a slower
progression over time. Hepatic fat accumulation and liver
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function impairment are common pathological features
of in both MAFLD diets. Impaired fatty acid oxidation,
and increased fatty acid uptake are shared pathological
mechanisms across both forms of MAFLD. The inverse
changes in de novo lipogenesis and fatty acid efflux may
represent an important pathological mechanism leading
to the phenotypic differences between MCDD-fed and
HFD-fed mice (Fig. 6).
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