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Abstract. Non‑alcoholic steatohepatitis (NASH) is a fatty 
liver disease that is not caused by alcohol consumption and 
is characterized by fatty degeneration, inflammation and 
hepatocellular damage. Therefore, predicting future fibrosis 
is critical in the early stages of NASH to prevent disease 
progression. The present study examined histological changes 
in the liver as well as microRNA (miR/miRNA) expression 
changes in the liver and serum of NASH mice model to 
identify potential biomarker candidates that could predict 
early fibrosis. This study used 6‑week‑old C57BL/6NJcl male 
mice and fed the control with a standard solid diet (CE‑2) for 
breeding and propagation and NASH groups with a high‑fat 
diet [choline‑deficient high‑fat and 0.1% (w/v) methionine 
supplemented diet], respectively. Agilent Technologies miRNA 
microarray was used to investigate microRNA expression in 
the liver and serum. Hematoxylin and eosin staining of the 
livers of the NASH group mice during the second week of 
feeding revealed fatty degeneration, balloon‑like degeneration 
and inflammatory cell infiltration, confirming that the mice 
were in a state of NASH. The livers of the NASH group mice 
at 6 weeks of feeding showed fibrosis. Microarray analysis 
revealed that miRNAs were upregulated and 47 miRNAs 
were downregulated in the liver of the NASH group. Pathway 
analysis using OmicsNet predicted miR‑29 to target collagen 
genes. Furthermore, miR‑29 was downregulated in the livers 
of NASH‑induced mice but upregulated in serum. These find‑
ings suggested that lower miR‑29 expression in NASH‑induced 
liver would increase collagen expression and fibrosis. Early 
liver fibrosis suggests that miR‑29 leaks from the liver into 
the bloodstream, and elevated serum miR‑29 levels may be a 
predictive biomarker for early liver fibrosis.

Introduction

Nonalcoholic fatty liver disease (NAFLD) is a condition in 
which the liver of individuals with little or no history of alcohol 
consumption has excessive fatty deposits (1). In 2023, NAFLD 
affects approximately 30% of the adult population worldwide, 
making it a common chronic liver disease (2). Nonalcoholic 
steatohepatitis (NASH) is a type of NAFLD characterized by 
fatty liver degeneration, inflammatory cell infiltration, and 
balloon‑like cell degeneration; persistent inflammation can 
lead to liver fibrosis (3‑4). The risk of cirrhosis and hepato‑
cellular carcinoma rises as fibrosis progresses, and the liver 
fibrosis stage of NASH is an important prognostic factor (3‑5).

A liver biopsy is frequently used to confirm NASH diag‑
nosis and determine the stage of liver fibrosis (6,7). A liver 
biopsy is required to distinguish NASH, but the number of 
patients with suspected NASH is growing, and performing 
the procedure on all patients is difficult (5). Furthermore, liver 
biopsy is an effected tool for diagnosing NASH. Additionally, 
the tissue sampled by liver biopsy does not reflect the condition 
of the entire liver, and variability in histologic characteristics 
between samples is a challenge  (8). Furthermore, there is 
interobserver variability when evaluating sampled tissue (9). 
Hence, there is an increased demand for noninvasive alterna‑
tives to invasive liver biopsy (10).

Biomarker testing using blood samples is known to be less 
invasive. Major biomarkers include the liver enzymes aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT). 
These are known as common liver injury markers; specifically, 
ALT has been used to estimate the degree of fibrosis progres‑
sion in NASH (11). However, ALT is not a NASH‑specific 
biomarker because it also fluctuates in various diseases other 
than NASH (12). Furthermore, scoring systems, such as the 
AST to platelet ratio index, Fib‑4 index, and NAFLD fibrosis 
score, which assess fibrosis by combining multiple measures, 
are useful in determining the severity of fibrosis in NASH 
but have not been used for its definitive diagnosis  (13‑15). 
Furthermore, the cytokeratin 18 fragment (CK18), which has 
recently gained attention as a NASH biomarker, has been 
shown to help distinguish between simple fatty liver (NAFL) 
and NASH in patients with NAFLD (16‑17). However, CK18 
has not been used for definitive diagnosis, and issues among 
reagent kits of variability and low sensitivity have been 
reported (17,18). Therefore, developing a new noninvasive test 
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for definitive NASH diagnosis and early liver fibrosis detection 
in NASH is desirable.

MicroRNAs (miRNAs) are short single‑stranded RNAs 
with 21‑23 nucleotides. MiRNAs bind to the 3'‑UTR region 
of target mRNAs, inhibit mRNA translation into proteins, 
and regulate gene expression (19). Recently, miRNAs have 
been released from cells and are involved in intercellular 
communication  (20). Furthermore, miRNAs are known to 
change expression in various diseases, and their potential 
as biomarkers is promising (20,21). This study focused on 
miRNAs to find biomarkers that can detect NASH‑induced 
liver fibrosis caused early on.

Materials and methods

Mice. We purchased a total of 75  male 5‑week‑old 
C57BL/6NJcl mice (body weight, 20.6±0.7 g) from CLEA 
Japan. All mice were housed in a conventional animal room 
with 12/12‑h light/dark cycle. Treatment began after a 1‑week 
acclimatization period. Mice were observed 2‑3 times per day 
for monitoring, and health or behavior abnormalities were not 
observed during the rearing period. The NASH model group 
was fed a choline‑deficient high‑fat (CDAHFD) supplemented 
with 0.1% (w/v) methionine (Research Diets Inc., A06071302). 
The control group was given a commercial standard diet 
called CE‑2 (CLEA Japan). It was not suitable for the purpose 
of this study, where we wanted to confirm even the appear‑
ance of fibrosis, because fibrosis does not appear with a simple 
high‑fat diet, even after long‑term feeding. In addition, the 
methionine/choline‑deficient diet is not suitable for long‑term 
rearing because of the significant weight loss of the mice and 
increased risk of mortality. Therefore, this diet was used in this 
study to create a NASH model mouse, which has less weight 
loss and is suitable for long‑term observation.

Both groups were fed and watered ad libitum, with replace‑
ments once a week. All mice were kept under the conditions 
described above for 1‑12 weeks after feeding, with five mice 
assigned to each week. The sample size was determined to 
provide adequate statistical treatment. Sampling was done up 
to 12 weeks after feeding to check the progression of fibrosis. 
Blood samples from five mice were collected using cardiac 
blood sampling under anesthesia with the inhalation anes‑
thetic solution isoflurane (Pfizer) at the end of the 0‑, 1‑, 2‑, 4‑, 
6‑, 8‑, 10‑, and 12‑week after feeding. Sampling for the control 
and NASH groups was conducted on the same day. Anesthesia 
was administered via inhalation from a small animal anes‑
thesia machine (Muromachi Kikai) that was vaporized to a 
concentration of 4‑5% and maintained at 2‑3%. The cervical 
dislocation was used for euthanasia, and death was determined 
by the cessation of respiration and heartbeat. 

Under anesthesia, 0.5‑1.0 ml of blood was received from 
the heart, and all mice were promptly cervically dislocated to 
minimize distress. For this study, the criteria for applying the 
humane endpoint were symptoms of anguish (e.g., self‑injury, 
abnormal posture, breathing problems, squealing), long‑term 
abnormal appearance (e.g., diarrhea, bleeding, vulvar smears), 
and rapid weight loss (>20% in a few days). No mice during 
this study required a humane endpoint prior to study termina‑
tion. The start of anesthesia to the end of blood collection took 
<10 min per animal. Death was confirmed by respiratory and 

cardiac arrest. Blood samples were serum‑separated imme‑
diately after collection. Blood samples were then placed in 
a Microtainer (Becton Dickinson), and the coagulated blood 
was centrifuged at 6,000 G for 3 min to separate the serum. 
Livers were removed from euthanized mice. The experiments 
with mice were performed twice during the study period and 
we have confirmed that the data in this study are reproduc‑
ible. The Hirosaki University Ethics Committee for Animal 
Experiments approved this experiment, which followed the 
Hirosaki University Guidelines for Animal Experiments 
(Approval No. AE01‑2023‑004).

Tissue fixation and tissue block preparation. Liver tissues 
that had been excited after perfusion fixation were fixed with 
4% (w/v) paraformaldehyde for 48 h and paraffin‑embedded 
blocks were prepared using a Sakura‑sealed automatic fixation 
and embedding device (Sakura Finetek Japan) and Tissue‑Tek 
TEC5 (Sakura Finetek Japan).

Hematoxylin and eosin (HE) staining. Paraffin‑embedded 
tissue blocks were thinly sliced to a 4‑µm thickness and attached 
to glass slides. We deparaffinized tissue sections with xylene 
and ethanol then rinsed them with water for 5 min. Nuclear 
staining was conducted in Meyer's hematoxylin solution 
(Fujifilm Wako) for 1 min, followed by color removal in warm 
water for 10 min. The samples were then stained with 0.5% 
(w/v) eosin Y in 80% (v/v) ethanol solution (Fujifilm wako) 
for 10 sec, rinsed with water to remove the excess staining 
solution, and fractionated with 75% (v/v) ethanol. The samples 
were treated with ethanol and xylene before being sealed with 
Marinol (Muto Chemical) and cover glass (Matsunami Glass).

Sirius red staining. Glass slides with paraffin‑embedded 
sections attached were rinsed with running water for 5 min 
following deparaffinization and hydrophilic treatment. Sirius 
red staining solution was created by combining 100 ml of 
saturated picric acid solution with 3 ml of 1% (w/v) Sirius red 
solution (Fujifilm Wako). The glass slides were rinsed under 
running water for 5 min after being stained with Sirius red 
staining solution for 10 min to remove the color. The slides 
were then dehydrated using ethanol, permeated with xylene, 
and sealed with Marinol (Muto Chemical) and cover glass 
(Matsunami Glass).

Immunohistochemical staining. Glass slides with paraffin 
sections attached were rinsed with water for 5 min following 
deparaffinization and hydrophilic treatment. Glass slides were 
treated with 3% (v/v) H2O2 for 5 min before being rinsed 
in water for 5  min to deactivate endogenous peroxidase. 
Incubation was made in citrate buffer (pH of 6.0) at 115˚C 
for 5 min to activate antigen. Glass slides were then washed 
with Tris‑buffered saline (TBS) buffer (25 mM of Tris‑HCl 
and 150 mM of NaCl, pH of 7.2) for 5 min before incubating 
with a drop of blocking solution [5% (v/v) sheep serum in 
TBS buffer] on glass slides for 30 min at room temperature. 
Anti‑α‑smooth muscle actin (α‑SMA) rabbit monoclonal 
antibody (Cell Signaling Technologies, cat.  19245S) was 
diluted 500‑fold in blocking solution, applied to glass slides, 
and incubated at room temperature for 60 min. The liquid 
on the glass slides was removed, washed 3 times with TBS 
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buffer for 5 min, and then incubated dropwise with EnVision + 
System‑HRP‑labeled polymer anti‑rabbit (Dako, cat. K4003) 
for 60 min at room temperature. The liquid on the glass slides 
was removed, washed three times with TBS buffer for 5 min, 
and colored with 3,3'‑diaminobenzidine tetrahydrochloride 
solution (Sigma‑Aldrich). Glass slides were washed with 
water, nuclear stained with Meyer's hematoxylin solution 
(Muto Chemical) for 1 min, and the color was removed by 
washing with warm water for 10 min. They were dehydrated 
with ethanol, permeated with xylene, and sealed with Marinol 
(Muto Chemical) and covered glass.

Pathological evaluation. A scoring system has been used 
to assess the histology of NAFLD/NASH in humans  (22). 
Matsumoto et al  (23) reported a histological evaluation of 
NAFLD/NASH in mice fed the same CDAHFD diet as us, 
similar to the human scoring system. In this study, we also 
used the histological examination of the liver described by 
Matsumoto et al (23).

Biochemical tests. Serum AST and ALT were determined 
by pocH‑100iV Diff (Sysmex) at the Hirosaki University 
Laboratory Animal Facility.

RNA extraction. Total RNA was extracted from livers and 
200 µl of serum using ISOGEN II (Nippon Gene) as per the 
manufacturer's instructions. The total RNA concentration 
in livers was measured using a NanoDrop spectrophotom‑
eter (NanoDrop Technologies). All total RNA from livers 
had 260/280  nm absorbance ratios ranging from 1.8‑2.0. 
Ethachinmate (Nippon Gene) was used to precipitate total 
RNA from serum. A Quant‑iT RiboGreen RNA Reagent and 
Kit (Thermo Fisher Scientific, Inc.) was used to determine the 
total RNA concentration from serum.

miRNA microarray analysis. The miRNA Complete Labeling 
and Hyb kit was used to label miRNAs in 2.5 ng of serum total 
RNA and 100 ng of liver total RNA. The microRNA Spike In 
Kit (cat. no. 5190‑1934; Agilent Technologies, Inc.) was used 
to conduct quality checks on the microarray experiments. The 
RNA samples were labeled with Cyanine 3 (Cy3) fluorescent 
dye per the manufacturer's instructions. The Cy3‑labeled 
miRNA was incubated for hybridization with miRNA micro‑
array slides (SurePrint G3 Mouse 8x60‑K miRNA microarray 
slides (cat. no. G4872A; Agilent Technologies, Inc.) at 55˚C 
and 20  rpm for 20  h. Cy3 fluorescence signals on glass 
slides were detected using a SureScan microarray scanner 
(cat. no. G4900DA; Agilent Technologies, Inc.), and fluores‑
cence quantification was done with Agilent Feature Extraction 
12.0 (Agilent Technologies, Inc.). As a method of evaluating 
Spike‑In, Agilent Feature Extraction 12.0 was used to ensure 
that the calculated values of LabelingSpike‑InSignal and 
HybSpike‑InSignal were both >2.5. A 90% shift normalization 
was conducted using the obtained data, and GeneSpring GX14.5 
software was used for expression analysis. These data were 
registered with the Gene Expression Omnibus (https://www.
ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE252035).

Prediction of miRNA target genes. OmicsNet (https://www.
omicsnet.ca/) was used to predict the target genes and functions 

of miRNAs whose gene expression in the liver is affected by 
NASH.

Statistical analysis. The Shapiro‑Wilk test confirmed that 
each population exhibited a normal distribution. An F test 
was also performed to confirm the variance of the two groups, 
and all data were confirmed to be equal variance. Values were 
expressed as mean ±2 standard deviation. Each sample size 
was determined to be sufficient at n=5 because the standard 
deviation was sufficiently small. Significant differences in 
liver weight, AST, and ALT levels between the control and 
NASH groups were determined using Student's t‑test. P‑values 
of <0.05 indicate significant differences and are marked with 
an asterisk in each graph.

Results

Changes in biochemical components and liver tissue structure 
in NASH mice. We showed the changes in body weight of mice 
fed the Control or CDAHDF diet (Fig. SI). Serum AST and 
ALT levels, which are markers of liver injury, of the control 
and NASH groups were measured from 0 to 12 weeks after 
starting a high‑fat diet (Fig.  1A, B). Both AST and ALT 
levels in the NASH group were significantly higher than 
those in the control group after 1 week of feeding a high‑fat 
diet. Liver weights were then measured from 0 to 12 weeks 
after the beginning of the high‑fat diet (Fig. 1C). The NASH 
group had a higher liver weight over time, with significant 
increases at 4 weeks and 8‑12 weeks of feeding compared to 
the control group.

Histological changes in the livers of NASH‑induced mice. 
HE, Sirius red, and α‑SMA immunohistochemical staining 
were used to confirm histopathological changes in the liver 
of NASH‑induced mice (Fig. 2). The stained images in the 
control group consistently showed normal liver histology up 
to 12 weeks of feeding, regardless of staining method. HE 
staining revealed fatty degeneration, balloon‑like degenera‑
tion, and inflammatory cell infiltration throughout the liver at 
2 weeks of feeding in the NASH group, with similar findings at 
6 weeks. Sirius red staining revealed clear fibrosis at 6 weeks. 
Further, α‑SMA immunohistochemical staining revealed 
numerous positive cells at 6 weeks of feeding. The observa‑
tion was continued for 12 weeks, but there were no significant 
changes compared to the tissue at 6 weeks.

The above staining results were used to calculate scores for 
hepatic steatosis, inflammation, ballooning‑like degeneration, 
and hepatic fibrosis (Table I). At 1 week of feeding, the score 
was evaluated as follows: Steatosis grade 2, Inflammation 
grade 1, Ballooning grade 0, and Fibrosis grade 0. At 2 weeks of 
feeding, the animals were classified as having Steatosis grade 
3, Inflammation grade 2, Ballooning grade 2, and Fibrosis 
grade 0. Six weeks of feeding were assessed as Steatosis grade 
3, Inflammation grade 3, Ballooning grade 3, and Fibrosis 
grade 2. These pathological analyses suggest that mouse livers 
at 2‑6 weeks of CDAHDF feeding are in the early stages of 
fibrosis due to NASH.

Changes in miRNA expression in the liver of NASH mice 
model. To investigate the changes in miRNA expression caused 
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by NASH development, miRNA microarray analysis was 
performed on livers from the NASH mice model. We inves‑
tigated miRNA expression in the liver of NASH model mice 
at 2 weeks of feeding, a NASH state in which fibrosis is not 
readily visible, based on stained images of liver tissue. Table II 
lists the miRNAs with an expression difference of more than 
1.5‑fold compared to the control group. Nine miRNAs were 
upregulated, while 47 miRNAs were downregulated.

The 47 miRNAs predicted to be downregulated by miRNA 
microarray analysis in the liver of the NASH group were 
analyzed using OmicsNet. The target genes of these miRNAs 
and their associated functions were linked by lines. In the 
enlarged figure, green circles indicated miRNAs, red circles 
indicated target genes, and blue circles indicated target genes 
involved in fibrosis. The relationship between miRNAs and 
target genes associated with fibrosis predicted a link between 
the miR‑29‑3p family and collagen genes in the 47 miRNAs 
(Fig. 3). A search of the OmicsNet Reactome database for 
fibrosis‑related functions revealed ‘collagen formation’ and 
‘collagen biosynthesis and modifying enzymes’ (Table SI). 
Collagen genes play roles in both of these functions, and 
the miR‑29 family was identified as miRNAs that regulate 
collagen genes.

Changes in miRNA expression in the serum of NASH mice 
model. We performed miRNA microarray analysis in the 
serum of the NASH mice model at 2 weeks of feeding. Table III 
shows the miRNAs that had a more than 1.5‑fold difference in 
expression between the NASH and control groups. Twenty‑one 

miRNAs were upregulated, while seven were downregulated. 
Among the miR‑29 family, miR29a‑3p and miR‑29c‑3p, which 
were linked to collagen genes by OmicsNet results, were 
upregulated in NASH model mouse serum.

Discussion

The current study discovered that microarray analysis in a 
NASH mice model at an early fibrosis the appeared found 
a link between NASH‑induced liver fibrosis and miR‑29 
(miR‑29a‑3p and miR‑29c‑3p). Expression of these miRNAs 
was reduced in the livers of NASH mice fed a high‑fat diet for 
2 weeks but increased in serum, suggesting that these miRNAs 
were released into the blood from the NASH‑induced livers.

MiR‑29 contains miR‑29a, miR‑29b, and miR‑29c, all 
of which have different sequences. MiR‑29a and miR‑29c 
are encoded on distinct chromosomes in humans and 
mice, respectively. MiR‑29 regulates gene expression, 
specifically cellular gene expression profiles and protein 
synthesis. The miR‑29 family is important in a variety 
of biological processes and has been studied concerning 
diseases and cancers. Previous research has shown that the 
miR‑29 family regulates gene expression in fibrosis  (24), 
neurodegenerative diseases (25), and breast cancer (26). In 
particular, the miR‑29 family has recently received attention 
for its crucial role in the process of multiorgan fibrosis (24). 
MiR‑29 binds to the 3'‑UTR of collagen genes, inhibiting 
collagen protein expression. Wang  et  al  (27) found that 
reduced miR‑29 expression by TGF‑β/SMAD signaling in 

Figure 1. Changes in serum markers of liver injury and liver tissue structure in NASH‑induced mice. (A) AST levels in serum. (B) ALT levels in serum. Mice in 
the control and NASH groups had their AST and ALT levels measured as liver injury markers from 0 to 12 weeks after beginning a high‑fat diet feeding with 
pocH‑100iV Diff (Sysmex) according to the manufacturer's instructions. (C) Liver weight changes between the control and NASH groups. Values are presented 
as mean ±2 standard deviation (SD) (each n=5). *P<0.05, **P<0.01 and ***P<0.001 compared with the control. AST, Aspartate aminotransferase; Aspartate 
aminotransferase, Alanine aminotransferase.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  28:  285,  2024 5

vascular smooth muscle cells promotes collagen synthesis. 
Ezhilarasan et al (28) recently discovered that miR‑29 plays 
a crucial role in liver fibrosis by regulating collagen gene 
expression in astrocytes in the liver. Matsumoto et al (29) 
discovered that miR‑29a suppressed human liver astro‑
cyte activation and reduced liver fibrosis. Interestingly, 
Lin et al (30) found that miR‑29 overexpression suppresses 
collagen genes, reducing liver fibrosis and inhibiting hepa‑
tocyte lipogenesis by lowing PPARγ levels. This suggests 
that miR‑29 not only suppresses liver fibrosis via collagen 
regulation but also controls NAFLD development. Our 
miRNA microarray results confirmed a reduction in miR‑29 
in NASH livers (Table  II). Analysis in conjunction with 
immunohistological analysis of the liver showed a decrease 
in miR‑29 expression in the liver after 2 weeks of consuming 
a high‑fat diet, a stage before α‑SMA positivity.

This study found that serum miRNA microarray 
analysis of mice fed a high‑fat diet showed increased serum 
miR‑29a‑3p and miR‑29c‑3p expression after 2  weeks of 

NASH induction (Table III). Several studies have identified 
miR‑29 as one of the microRNAs that are upregulated in 
serum in NASH/NAFLD and liver fibrosis (31‑34). Our find‑
ings support that point. Conversely, Jampoka et al (35) found 
that miR‑29a levels were lower in patient serum with advanced 
fibrosis, indicating s significant difference in serum miR‑29a 
levels in the advanced stage of liver fibrosis. Understanding of 
the behavior changes of serum miR‑29 during the progression 
of NASH/NAFLD‑induced liver fibrosis remained limited 
although miR‑29 has been linked to various types of fibrosis. 
Therefore, further study of serum miR‑29 is warranted in the 
future.

Some of the miRNAs in Tables II and III identified in this 
study include those previously reported by other researchers. 
The miRNA expression changes observed in this study are 
likely to be closely associated with liver fibrosis. However, 
many other miRNAs are also altered in expression at the 
same time, suggesting that fibrosis is regulated by a complex 
network of miRNAs and cytokines other than miR‑29, which 
are also associated with fibrosis. For example, TGF‑β/Smad 
has been detected in Table SI as a signal related to fibrosis 
other than collagen, and miR‑122‑5p is predicted to be a 
miRNA associated with this pathway. miR‑122‑5p has been 
reported to be associated with the TGF‑β signaling pathway in 
liver fibrosis (36,37). On the other hand, TNF‑α is known to be 
another molecule involved in liver fibrosis besides miRNAs, 
which induces liver fibrosis by causing activation of hepatic 
astrocytes  (38). Therefore, a comprehensive interpretation 
including molecules other than miRNAs will be required to 
fully understand the mechanism of fibrosis development.

The clinical significance of this study is that it may be 
possible to detect fibrosis in patients with suspected NASH 
without a liver biopsy, and that measurement of miR‑29 may 
aid in the diagnosis of early fibrosis. While the treatment of 
NASH generally involves improvement of the underlying 
disease, exercise, and diet, this study suggests a role for miR‑29 
in inhibiting fibrosis, which may allow miR‑29 to be used as 
a treatment for NASH. Replenishing the liver with miR‑29 as 
a new treatment may improve or inhibit the progression of 
liver fibrosis.

In this study we identified miR‑29 as an early marker of 
NASH liver fibrosis in mice. Although miRNAs are highly 
conserved between humans and mice, the dynamics of 
miRNAs in blood may differ in human NASH versus mice. 
A previous study found that miR‑29 levels are elevated in 
NAFLD/NASH serum in humans (34), but the blood dynamics 
of miR‑29 in patients with NASH have been reported only in 

Figure 2. Histological changes in control and NASH groups at 1, 2 and 
6 weeks after starting a high‑fat diet. (A) Hematoxylin and eosin staining. 
The NASH group showed numerous small vacuoles in the liver parenchyma, 
fatty degeneration, hepatocyte ballooning and inflammatory cell infiltration 
2 weeks after feeding a high‑fat diet. (B) Sirius red staining. Microfibrosis 
was observed in the liver at 6 weeks after feeding a high‑fat diet in the NASH 
group. (C) α‑SMA immunostaining. Positive cells were detected 6 weeks 
after feeding a high‑fat diet in the NASH group. Scale bars, 100 µm. NASH, 
Non‑alcoholic steatohepatitis.

Table I. Histological examination of the NAFLD/NASH liver 
in mice.

Histopathological			 
changes	 1 week	 2 weeks	 6 weeks

Steatosis	 Grade2	 Grade3	 Grade3
Inflammation	 Grade1	 Grade2	 Grade3
Ballooning	 Grade0	 Grade2	 Grade3
Fibrosis	 Grade0	 Grade0	 Grade2
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a few cases and will need to be investigated in more detail in 
the future.

In humans, however, NAFLD/NASH is frequently linked 
to underlying conditions such as obesity, hypertension, dyslip‑
idemia, and diabetes (39,40). This study used mice without 
underlying diseases such as diabetes. In this study, miR‑29 

Table IⅠ. Differences in the expression levels of miRNAs in the 
liver of NASH model mice fed for 2 weeks.

miRNA name	 Accession no.	 Fold‑change	 Up/down

miR‑1224‑5p	 MIMAT0005460	 1.75	 Up
miR‑15b‑5p	 MIMAT0000124	 1.50	 Up
miR‑223‑3p	 MIMAT0000665	 2.43	 Up
miR‑342‑3p	 MIMAT0000590	 4.44	 Up
miR‑34a‑5p	 MIMAT0000542	 6.03	 Up
miR‑3960	 MIMAT0019336	 3.86	 Up
miR‑5126	 MIMAT0020637	 2.90	 Up
miR‑7118‑5p	 MIMAT0028133	 9.94	 Up
miR‑8110	 MIMAT0031416	 4.91	 Up
let‑7a‑5p	 MIMAT0000521	 ‑1.61	 Down
let‑7b‑5p	 MIMAT0000522	 ‑1.54	 Down
let‑7c‑5p	 MIMAT0000523	 ‑1.54	 Down
let‑7f‑5p	 MIMAT0000525	 ‑2.52	 Down
let‑7g‑5p	 MIMAT0000121	 ‑2.85	 Down
miR‑101a‑3p	 MIMAT0000133	 ‑4.63	 Down
miR‑101c	 MIMAT0019349	 ‑5.55	 Down
miR‑103‑3p	 MIMAT0000546	 ‑1.62	 Down
miR‑107‑3p	 MIMAT0000647	 ‑1.82	 Down
miR‑10a‑5p	 MIMAT0000648	 ‑1.84	 Down
miR‑122‑3p	 MIMAT0017005	 ‑5.11	 Down
miR‑122‑5p	 MIMAT0000246	 ‑2.87	 Down
miR‑126a‑3p	 MIMAT0000138	 ‑2.19	 Down
miR‑130a‑3p	 MIMAT0000141	 ‑1.59	 Down
miR‑148a‑3p	 MIMAT0000516	 ‑2.37	 Down
miR‑15a‑5p	 MIMAT0000526	 ‑2.50	 Down
miR‑16‑5p	 MIMAT0000527	 ‑1.71	 Down
miR‑192‑5p	 MIMAT0000517	 ‑3.87	 Down
miR‑193a‑3p	 MIMAT0000223	 ‑2.60	 Down
miR‑194‑5p	 MIMAT0000224	 ‑3.07	 Down
miR‑19a‑3p	 MIMAT0000651	 ‑3.79	 Down
miR‑19b‑3p	 MIMAT0000513	 ‑3.87	 Down
miR‑20a‑5p	 MIMAT0000529	 ‑2.02	 Down
miR‑20b‑5p	 MIMAT0003187	 ‑1.93	 Down
miR‑21a‑5p	 MIMAT0000530	 ‑1.82	 Down
miR‑22‑3p	 MIMAT0000531	 ‑2.34	 Down
miR‑23b‑3p	 MIMAT0000125	 ‑1.92	 Down
miR‑26a‑5p	 MIMAT0000533	 ‑2.09	 Down
miR‑26b‑5p	 MIMAT0000534	 ‑3.25	 Down
miR‑27b‑3p	 MIMAT0000126	 ‑1.93	 Down
miR‑29a‑3p	 MIMAT0000535	 ‑1.74	 Down
miR‑29b‑3p	 MIMAT0000127	 ‑2.28	 Down
miR‑29c‑3p	 MIMAT0000536	 ‑2.59	 Down
miR‑30a‑3p	 MIMAT0000129	 ‑2.37	 Down
miR‑30a‑5p	 MIMAT0000128	 ‑2.40	 Down
miR‑30b‑5p	 MIMAT0000130	 ‑2.83	 Down
miR‑30c‑5p	 MIMAT0000514	 ‑2.51	 Down
miR‑30d‑5p	 MIMAT0000515	 ‑1.68	 Down
miR‑30e‑5p	 MIMAT0000248	 ‑2.93	 Down
miR‑365‑3p	 MIMAT0000711	 ‑2.35	 Down
miR‑3963	 MIMAT0019341	 ‑2.83	 Down
miR‑3968	 MIMAT0019352	 ‑3.15	 Down

Table IⅠ. Continued.

miRNA name	 Accession no.	 Fold‑change	 Up/down

miR‑451a	 MIMAT0001632	 ‑3.66	 Down
miR‑5100	 MIMAT0020607	 ‑3.12	 Down
miR‑6366	 MIMAT0025110	 ‑1.66	 Down
miR‑6368	 MIMAT0025112	 ‑1.52	 Down
miR‑99a‑5p	 MIMAT0000131	 ‑1.62	 Down

miR, microRNA.

Table IⅡ. Differences in the expression levels of miRNAs in 
the serum of NASH model mice fed for 2 weeks.

miRNA name	 Accession no.	 Fold‑change	 Up/down

let‑7c‑5p	 MIMAT0000523	 1.59	 Up
let‑7i‑5p	 MIMAT0000122	 1.59	 Up
miR‑122‑5p	 MIMAT0000246	 26.58	 Up
miR‑130a‑3p	 MIMAT0000141	 1.73	 Up
miR‑148a‑3p	 MIMAT0000516	 5.00	 Up
miR‑16‑5p	 MIMAT0000527	 1.75	 Up
miR‑192‑5p	 MIMAT0000517	 8.60	 Up
miR‑21a‑5p	 MIMAT0000530	 2.85	 Up
miR‑22‑3p	 MIMAT0000531	 2.11	 Up
miR‑27a‑3p	 MIMAT0000537	 1.56	 Up
miR‑2861	 MIMAT0013803	 1.79	 Up
miR‑29a‑3p	 MIMAT0000535	 1.55	 Up
miR‑29c‑3p	 MIMAT0000536	 2.22	 Up
miR‑30a‑5p	 MIMAT0000128	 1.79	 Up
miR‑342‑3p	 MIMAT0000590	 3.03	 Up
miR‑3473f	 MIMAT0031390	 1.53	 Up
miR‑34a‑5p	 MIMAT0000542	 5.28	 Up
miR‑3960	 MIMAT0019336	 2.36	 Up
miR‑6931‑5p	 MIMAT0027762	 2.79	 Up
miR‑7118‑5p	 MIMAT0028133	 1.54	 Up
miR‑8110	 MIMAT0031416	 1.58	 Up
miR‑133a‑3p	 MIMAT0000145	 ‑3.03	 Down
miR‑133b‑3p	 MIMAT0000769	 ‑2.97	 Down
miR‑140‑3p	 MIMAT0000152	 ‑1.97	 Down
miR‑1897‑5p	 MIMAT0007864	 ‑1.69	 Down
miR‑486a‑5p	 MIMAT0003130	 ‑2.54	 Down
miR‑6366	 MIMAT0025110	 ‑1.86	 Down
miR‑7047‑5p	 MIMAT0027998	 ‑2.84	 Down

miR, microRNA. 
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was increased in the blood when mice without underlying 
disease were used in the early stages of fibrosis. However, the 
blood miR‑29 kinetics in mice with underlying disease are not 
clear. Also, the relationship between the underlying disease 
and miR‑29 is not clear at this time. The type of fat in the 
diet used for feeding may also affect the experimental results. 
Therefore, it is necessary to analyze the changes in miR‑29 
expression in mouse models with underlying diseases, such as 
diabetes, in the future. 

Also, although we used CDAHDF to rapidly induce NASH 
in this study, there are several known diets of laboratory 
animals that induce NASH, each with different fat components 
and other nutrients in the diet. It is possible that the type of fat 
that accumulates in the liver may differ depending on the diet 
used. Therefore, it is necessary to understand the differences 
in the types of fat that accumulate in the liver with different 
NASH‑inducing diets used and to verify in the future which 
diets are more similar to the fat components of the human 
NASH condition.
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