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Abstract: Acuteliver failure (ALF) has a high mortality rate and is characterized by massive hepatocyte destruction.
Although microRNAs (miRNAs) play an important role in manyliver diseases, the role of miRNAs in ALF develop-
ment is unknown. In this study, the murine ALF model was induced by intraperitoneal injection of D-galactosamine/
lipopolysaccharide (D-GalN/LPS). Compared with saline-treated mice, miR-24 was distinctly down-regulated post
D-GalN/LPS challenge in vivo and D-galactosamine/tumor necrosis factor (D-GalN/TNF) challenge in vitro, which
was confirmed by quantitative real-time polymerase chain reaction. Meanwhile, the mRNA and protein levels of the
BH3-only-domain-containing protein BIM were upregulated after challenge both in vivo and in vitro. Previous studies
have demonstrated that hepatocyte apoptosis is a distinguishing feature of D-GalN/LPS-associated liver failure. In
this study, D-GalN/LPS-challenged mice showed higher alanine aminotransferase and aspartate aminotransferase
levels, more severe liver damage, increased numbers of apoptotic hepatocytes and higher levels of caspase-3 com-
pared with saline-treated mice. In D-GalN/TNF-treated BNLCL2 cells, miR-24 overexpression attenuated apoptosis.
Furthermore, miR-24 overexpression reduced BIM mRNA and protein levels in vitro. Taken together, these findings
demonstrate that miR-24 regulates hepatocyte apoptosis via BIM during ALF development, suggesting that miR-24
is a novel onco-miRNA that may provide potential therapeutic targets for ALF.
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Introduction

Acute liver failure (ALF) is a fatal liver disease
that is associated with high mortality rates
worldwide (40%-80%) [1]. Autoimmune hepati-
tis, alcohol consumption, viral hepatitis, and
hepatotoxinsare confirmed ALF trigger fac-
tors [2]. The best treatment for ALF is liver
transplantation [3], but the lack of donor livers
often limits transplantation. During ALF devel-
opment, necrosis and hepatocyte apoptosis
are key pathologic traits, but the precise under-
lying mechanism remains to be elucidated [4].

MicroRNAs (miRNAs) are non-coding RNA mol-
ecules of 22-26 nucleotides that regulate ge-
ne expression [5]. By interacting with the 3’
untranslated region (UTR) of target mRNAs,
negatively influencing protein expression by
destabilizing the message or inhibiting tran-
slation [6-10]. miRNAs take part in a number of

biological processes including development,
differentiation, cell proliferation, apoptosis and
metabolism [11-13]. It has also been reported
that miRNAs play an important role in liver
regeneration and might contribute to spontane-
ous ALF recovery [14]. miR-24 plays a critical
role in many biological processes including ery-
throid differentiation, DNA-repair, cell cycle reg-
ulation and programmed cell death [15-20].
Previous reports have shown that mir-24 nega-
tively regulates apoptosis in frogs and mice
[24]. It has also been reported that miR-24 is
involved in hepatocellular carcinogenesis [22],
hepatic lipid accumulation [23] and liver stem
cell differentiation [18]. Although mir-15 and
mir-16 play important roles in ALF development
[24], the role of the mir-24 in this disease is
unknown, as is whether there is a link between
mir-24 and hepatocyte apoptosis. In this study,
we demonstrate that mir-24 regulates hepato-
cyte apoptosis in a murine ALF model.
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Table 1. Sequences for qRT-PCR amplification primers

Liver enzymes measure-

ue FP: 5-CTCGCTTCGGCAGCACA-3’
RP: 5-AACGCTTCACGAATTTGCGT-3’
B-Actin  FP: 5’-CTAGGCACCAGGGTGTGAT-3’
RP: 5-TGCCAGATCTTCTCCATGTC-3’
TNF-a  FP: 5’-CCACCACGCTCTTCTGTCTAC-3’
RP: 5-TGGCTACAGGCTTGTCACT-3’
IL-6 FP: 5-CCACTTCACAAGTCGGAGGCTTA-3’
RP: 5-GCAAGTGCATCATCGTTGTTCATAC-3’
Bim FP: 5’-CACCAGCACCATAGAAGAA-3’
RP: 5’-ATAAGGAGCAGGCACAGA-3’

ments

The serum levels of alani-
ne aminotransferase (ALT)
and alanine aminotransfer-
ase (AST) are indexes of he-
patocellular injury. ALT and
AST activity were measured
in the serum of mice by a
standard autoanalyzer (Hita-
chi 7600-10, Hitachi, Tokyo,

miR-24 RT: 5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCTGTTCCT-3’ Japan).

FP: 5’-ACACTCCAGCTGGGTGGCTCAGTTCAGCAG-3’
RP: 5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAG-3’

Hematoxylin and eosin stain-

Materials and methods
Animals

Male BALB/c mice weighing 18-22 g (6-8 weeks
old) were purchased from Beijing Vital River
Laboratory Animal Technology Co. Ltd. (Beijing,
China) and housed under laboratory conditions
with free access to food and water. Animals
were treated as recommended in the Guide for
the Care and Use of Laboratory Animals. All ani-
mal experiments were approved by the Nanjing
Medical University Laboratory Animals Care
and Use Committee.

Experimental ALF model

Experimental mice were intraperitoneally inject-
ed with 800 mg/kg D-galactosamine (D-GalN)
(Sigma-Aldrich, St. Louis, MO, USA) and 10 ug/
kg lipopolysaccharide (LPS) (Sigma-Aldrich)
aspreviously described [25], meanwhile the
three control groups were separately adminis-
tered the same doses of D-GalN, LPS or saline
only. The challenged mice were sacrificed at
different time points (0, 1, 3, 5, 7, 9 and 24 h)
for blood and liver tissue. Serum was used
for biochemical analyses and ELISA before sac-
rifice. Liver tissue was collected for miRNA an-
alysis, qRT-PCR andwestern blot; the remain-
ing tissues were used for histopathology and
immunohistochemistry.

Cytokine assays

Serum tumor necrosis factor-alpha (TNFa) and
interleukin-6 (IL-6) levels were measured in the
D-GalN/LPS-challenged mice at various time
points using the Valukine ELISA kit (R&D
Systems, Minneapolis, MN, USA).
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ing

Liver tissues were recovered, fixed in 10% buff-
ered formalin and embedded in paraffin.
Sections (5 mm thick) were affixed to slides,
deparaffinized and stained with hematoxylin
and eosin for morphologic examination under
light microscopy.

Immunohistochemical caspase-3 analysis

Caspases are key mediators of apoptosis, and
caspase-3, is a death protease [26]. Paraffin-
embedded liver sections were treated with pH
9.0 antigen retrieval buffer (Dako, Glostrup,
Denmark) at 100°C for 10 min. The slides were
then incubated with rabbitanti-mouse cas-
pase-3 antibody (1:200) (Abcam, Cambridge,
UK) for 1 h at room temperature, then washed
three times in Tris-buffered saline (TBS). Finally,
they were incubated with Envision-polymer
horseradish peroxidase (HRP) rabbit antibody
(Dako) for 1 h at room temperature. Peroxid-
ase activity was confirmed using diaminoben-
zidine.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

Total RNA was isolated from liver tissues and
cultured cells using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA), reverse-transcribed, and
the resulting cDNA was used with miRNA-spe-
cific TagMan primers and TagMan Universal
PCR Master Mix (Advanced Biotechnologies
Inc., Eldersburg, MD, USA) to determine miRNA
expression, with RNUBB as the endogenous
control. Quantitative real-time PCR analysis
was performed using SYBR Green qPCR Mas-
ter Mix (Applied Biosystems, Foster City, CA,
USA) and a Step One Plus real-time PCR system
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(Advanced Biotechnologies Inc.). The levels of
murine BIM, TNFa and IL-6 expression were
normalized to b-actin. All reactions were per-
formed in triplicate and repeated three times.
All primer sequences are given in Table 1. The
comparative threshold cycle (Ct) method was
used to measure relative changes in expr-
ession; 2%4¢T represents the fold change in
expression, as previously described [27].

Western blots

Total proteins from liver tissues or cells were
lysed in lysis buffer (Beyotime, Nantong, China),
separated on a 10% sodiumdodecyl sulfate-
polyacrylamide gel and transferred to an Im-
mobilon-P-polyvinylide nedifluoride membrane
(Millipore, Danvers, MA, USA). After blocking
the membranes in 5% skim milk for 1 h, they
were incubated with anti-BIM (Abcam), anti-
caspase-3 (Abcam) or anti-B-actin antibody
(Abcam) overnight at 4°C. After washing with
TBS/Tween-20, the membranes were incubat-
ed for 2 h at room temperature with HRP-
conjugated goat anti rabbit IgG (1:2000, Sigma-
Aldrich). Immunoreactive bands were detected
with an ECLwestern blotting detection system
(Pierce/Thermo Fisher, Waltham, MA, USA) by
enhanced chemiluminescence.

Cell lines and the in vitro induction of hepato-
cyte apoptosis

Normal murine embryonic liver cells (BNLCL2)
were purchased from the Cell Bank of the
Chinese Academy of Sciences (Beijing, China)
and cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM, Invitrogen, Carlsbad, CA, USA)
supplemented with 10% fetal bovine serum,
4 mM glutamate and 1,000 U/ml penicillin/
streptomycin (Gibco/Invitrogen). To induce he-
patocyte apoptosis, 1 mg/ml D-GalN (Sigma-
Aldrich) and 100 ng/ml TNFa (Sigma-Aldrich)
were added to the culture medium; mock treat-
ed cells were grown in culture medium only.
Part of the experimental group were collected
for total RNA extraction and western blots,
while the remainder were used for apoptosis
assays using the Annexin-V-FITC Apoptosis
Detection Kit (KeyGEN, Nanjing, China) accord-
ing to the manufacturer’s instructions. Annexin-
V-positive, Pl-negative cells were defined as
early apoptotic cells, whereas the necrotic cells
were Annexin-V-negative, Pl-positive. Analyses
were performed on a Beckman Gallios Flow
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Cytometer (Beckman Coulter, Brea, CA, USA).
Each measurement was repeated three times.

Plasmid construction and luciferase assays

BNLCL2 Cells (5%10% were seeded in 24-well
plates and cultured for 24 h. BIM reporter lucif-
erase plasmid (100 ng), pGL3-BIM-3'UTR (wt/
mut), or control luciferase plasmid, and 5 ng
pRL-TK Renilla plasmid (Promega, Madison, WI,
USA) was transfected into the cells using
Lipofectamine 2000 (Invitrogen) according to
the manufacturer’s instruction. Luciferase and
Renilla signals were measured 48 h after trans-
fection using a Dual Luciferase Reporter Assay
Kit (Promega) according to the manufacturer’s
protocol.

Cell transfection

BNLCL2 cells were cultured in a six-well culture
plate at a density of 2-4x10° cells per well
for 24 h, then the cells were transfected with
100 n MmiR-24 mimic, 200 n MmiR-24 inhi-
bitor (GenePharma, Shanghai, China) using
Lipofectamine 2000 (Invitrogen) according to
the manufacturer’s instructions for 24 h. The
negative controls included 100 nM non-specific
mimic, 200 nM non-specific inhibitor and FAM-
negative control miRNA (GenePharma). Each
measurement was performed at least three
times.

Statistical analysis

All data are presented as the means = SD
(standard deviation) from at least three inde-
pendentexperiments. Unpaired Student’s t test
wasused to determine the significance, using
Prism 6 (GraphPad, San Diego, CA, USA) soft-
ware. P values <0.05 were considered statisti-
cally significant.

Results
Liver injury in the D-GalN/LPS-induced mice

Challenged mice were injected with D-GalN/
LPS, while control mice were administered
D-GalN or LPS alone, or saline to evaluate liver
injury. The mice were then sacrificed at specific
time points (0, 1, 3, 5, 7 and 9 h) to obtain
blood and liver samples to examine liver
enzymes, histopathology and inflammatory
cytokines. In the challenged mice, the morta-
lity rate was 60% and 80% at 7 h and 24 h,
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Figure 1. Liver injury and Histopathology. Serum ALT (A) and AST (B) release increased gradually and peaked at 7
h post D-GalN/LPS challenge, compared with D-GalN, LPS or saline injections (values are expressed as IU/ml). The
mRNA and serum concentrations of TNFa (C), IL-6 (D) in the challenged group increased obviously at 1 hand 7 h
time points compared with saline-treated group. (E) Representative hematoxylin- and eosin-stained tissues. No ab-
normity was detected at saline-treated group. (F) Increased inflammatory cells, slightly congested sinusoids and he-
patocellular disintegration were detected at the 5 h time point post D-GalN/LPS-challenge. (G) Extreme damage in
the liver tissue at 7 h post D-GalN/LPS-challenge. Results are presented as mean + SD; **P<0.01 and ***P<0.001
versus the control group. There are four groups, D-GalN/LPS, D-GalN, LPS, and saline, with six time points (O, 1, 3,
5, 7 and 9 h) for each group. There were three mice per time point for each group.

respectively, while no deaths were detected in (Figure 1A) and AST (Figure 1B) levels showed
the three control groups (data not shown). gradual elevation after D-GalN/LPS stimula-
Serum ALT and AST levels are standard bio- tion, peaking significantly at 7 h (P<0.001,
markers for evaluating liver injury, and both ALT D-GalN/LPS group vs control groups). Mean-
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Figure 2. miR-24 downregulation and BIM upregulation. gRT-PCR analysis of miR-24 (A) and BIM (B)at5hand 7 h
post D-GalN/LPS challenge compared with saline-treated group. (C) Westernblottinganalysis of BIM protein expres-
sion in the control and experimental groups. (D) Signal was quantified and data was normalized to b-actin. Results
are presented as mean + SD; *P<0.05, **P<0.01 and ***P<0.001 versus the control group.

while there was no obvious change in ALT and
AST levels in D-GalN-, LPS-, or saline-challeng-
ed controls.

TNFa and IL-6 play important roles in hepato-
cyte apoptosis, which has been identified in
D-GalN/LPS-induced liver failure [28]. TNFx
mRNA levels in the challenged group at 1 h
(P<0.01) and 7 h (P<0.001) were significantly
higher compared with the saline-treated group
(Figure 1C); accordingly serum concentrations
of TNFa in the challenged group were higher
than the saline-treated group at 1 h (P<0.001)
and 7 h (P<0.001). A similar pattern was de-
tected for IL-6 (Figure 1D). No other changes in
TNFa and IL-6 protein and mRNA levels were
detected at the other time points (data not
shown). Hematoxylin and eosin histopathology
of saline-treated mice showed no changes
(Figure 1E), while increased inflammatory cells,
slightly congested sinusoids and hepatocellular
disintegration were detected at the 5 h (Figure
1F) time point in the livers of D-GalN/LPS-
challenged mice. Severe congestion, hepato-
cellular disintegration throughout the entire
liver and large numbers of inflammatory cells
were found in the ALF mice at 7 h (Figure 1G).
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miR-24 downregulation and BIM upregulation
in the ALF model

The levels of miR-24 and BIM mRNA expression
were confirmed by qRT-PCR in the ALF model
and saline-treated mice; miR-24 expression
was highly down-regulated at 5 h (P<0.05) and
7 h (P<0.01) in the ALF model compared with
saline-treated mice (Figure 2A). Hepatic BIM
MRNA expression was distinctly higher at 5 h
(P<0.01) and 7 h (P<0.01) post D-GalN/LPS
challenge compared with the control group
(Figure 2B). Consistent with the qRT-PCR re-
sults, hepatic BIM protein levels were up-regu-
lated in the ALF model at 5 h (P<0.01) and 7 h
(P<0.001) compared with the control group
(Figure 2C, 2D).

Increased hepatocyte apoptosisin the ALF
model

The analysis of hepatocyte apoptosis is shown
in Figure 3, which shows caspase-3 immuno-
histochemistry and western blot data. While
there were no detectable caspase-3-positive
cells in the saline-treated group (Figure 3A),
caspase-3-positive cells were found in the liver

Am J Transl Res 2017;9(11):4925-4935
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Figure 3. Hepatocyte apoptosis analysis. Apoptosis was observed by caspase-3 immunohistochemical staining in
the liver tissues of D-GalN/LPS and saline treatment. A. In saline-treated group, no caspase-3+ cells was detected.B.
A small amount of caspase-3+ cells was found at 5 h post D-GalN/LPS challenge. C. A substantial increase in
caspase-3-positive staining was observed at 7 h post D-GalN/LPS challenge. D. Western blot analysis of caspase-3.
Compared with saline-treated group, thecaspase-3 protein expressionincreased obviously at 5 h and 7 h post D-
GalN/LPS challenge. E. The signal was quantified and data was normalized to b-actin. Results are presented as
mean + SD; **P<0.01 versus the control group.

of experimental mice at 5 h post-
challenge (Figure 3B). Further-
more, a substantial increase in
caspase-3-positive staining was
observed at 7 h post-challenge
(Figure 3C). To confirm these re-
sults, we performed western blot
analyses of caspase-3; the chal-

A miR-24 binding site

BIM coding region 3'URT

WT BIM 3URT: 5 UGUUUCACUCGUCAACUGAGGCA 3
mmu-miR-24: 3' GACAAGGACGACUUGACUCGGU
MUT BIM 3'URT: 5' UGUUUCACUCGUCAAACAUGACA 3'

B €. ¢ §1_5_ lenged mice showed increased
N S caspase-3 at both the 5 h (P<
£ 151 §1_0_ —_— N 0.01) and 7 h (P<0.01) time po-
PN N E ints compared with saline-treated
; < sl ﬂ ﬂ ﬂ mice (Figure 3D), which was co-
5059 g nsistent with the immunohisto-
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Figure 4. miR-24 targetes Bim mRNA3'UTR in hepatocytes. The data  (Fi8ure 4A), we used the lucifer-
from targetscan reveals that Bim is a predicted target gene of miR-24 ase report assay in BNLCL2 cells.
(A) The predicted binding sites of miR-24 targeting Bim mRNA3'UTR. pGL3-BIM-3'UTR (wt/mut) lucifer-
pGL3-BIM-3'UTR (wt/mut) luciferase report plasmids were transfected ase report plasmids and miR-24
wlth mlR-24 |nh|b|tor_(_B) or mlR-24 mimic (C) While miR-24 non-specific mimic, inhibitor, NSM, NSI were
inhibitor or non-specific mimic were transfected as control group. Data .

represent the mean value of three independent experiments. Mean +  transfected into cells. There was
SEM. **P<0.01, ***P<0.001 and N, P>0.05. no difference of luciferase activity
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between the cells transfect ed with Bim-3’'UTR-
mut and miR-24 inhibitor and the cells trans-
fected with Bim-3’'UTR-mut and miR-24 NSI
(Figure 4B). However, compared with the cells
transfected with Bim-3’'UTR and miR-24 NSI,
theluciferase activity elevated by more than
32% (P<0.001) in the cells transfected with
Bim-3’'UTR and miR-24 inhibitor (Figure 4B).
Furthermore, we found that the luciferase ac-
tivity in the cells transfected Bim-3'UTR and
miR-24 mimic was reduced by approximately
52% (P<0.01) compared the cells transfect-
ed with Bim-3'UTR and NSM (Figure 4C). We
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mimic  mimic

Figure 5. miR-24 overexpression attenuate apo-
ptosis in BNLCL2 cells. BNLCL2 cells were trans-
fected with miR-24 mimic or non-specific mimic,
followed by various incubation times with D-GalN/
TNF or mock treatment, and thenstained with
Annexin V-FITC and propidium iodide. Represen-
tative apoptosis flow cytometry data for the dif-
ferent conditions are shown. Apoptotic cells were
AnnexinV+/Pl-. The panel showed blank treat-
ment (A), D-GalN/TNF challenge for 24 h (B) or
36 h (C) The cells were transfected with miR-24
non-specific mimic (D), then treated with DMEM
only.The cells transfected with miR-24 mimic
were treated with D-GalN/TNF for 24 h (E) or 36 h
(F). Data represent the mean value of three inde-
pendent experiments. Mean £ SEM. NSM versus
BLANK, N, P>0.05; D/T24 h+miR-24 mimic ver-
sus D/T24 h, ** P<0.01; D/T36 h+miR-24 mimic
versus D/T36 h, *** P<0.001.

observed no difference in luciferase activity
between the cells transfected with Bim-3'UTR-
mut and miR-24 mimic and the cells trans-
fected with Bim-3'UTR-mut and miR-24 NSM
(Figure 4C). From these data, weconclude that
miR-24 targeted Bim mRNA3’UTR in hepato-
cytes during acute liver failure.

miR-24 overexpression attenuated apoptosis
in vitro

From the aforementioned results, it was next
necessary to investigate whether miR-24 regu-
lated hepatocyte apoptosis in vitro. The apop-

Am J Transl Res 2017;9(11):4925-4935
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Figure 6. miR-24 mimic reduces BIM expression in BNLCL2 cells. A. gRT-PCR analysis of miR-24 at different time
points post D-GalN/TNF challenge. B. BIM qRT-PCR analysis in BNLCL2 cells transfected with miR-24 mimic or miR-
24 non-specific mimic, then followed by stimulation of D-GalN/TNF for 36 h, while the blank group were treated only
with DMEM. C, D. BIM western blotting in BNLCL2 cells transfected with miR-24 mimic or miR-24 non-specific mimic.
Data represent the mean value of three independent experiments. Mean + SEM. N, P>0.05; *P<0.05; **P<0.01;

***pP<0.001.

totic rate was 3.53% in the control group (Figure
5A), while flow cytometry data showed an ap-
optotic rate of 11.07% and 17.74% in BNLCL2
cells 24 h (Figure 5B) and 36 h (Figure 5C)
after D-GalN/TNF stimulation, respectively. Wh-
ile there was no change in the apoptotic rate
when BNLCL2 cells were transfected with a
non-specific mMiRNA mimic (Figure 5D) com-
pared with controls, miR-24 mimic resulted in
a decreased apoptotic rate 24 h (6.87%) (Fig-
ure 5E) and 36 h (9.31%) (Figure 5F) after
D-GalN/TNFa stimulation.

miR-24 mimic attenuated BIM expression in
vitro

Consistent with the in vivo results (Figure 2B),
in vitro experiments revealed that miR-24 was
down-regulated 36 h after D-GalN/TNF chal-
lenge compared with controls (P<0.001) (Figure
6A). Conversely, BIM mRNA was up-regulated
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36 h post D-GalN/TNF challenge (P<0.05) (Fig-
ure 6B), which also correlated withour in vivo
data (Figure 2B). No significant difference in
BIM mRNA levels were detected in the cells
transfected with non-specific miRNA mimics
post D-GalN/TNF challenge (Figure 6B); how-
ever, BIM mRNA was downregulated in cells
transfected with miR-24 mimic post D-GalN/
LPS challenge (P<0.05) (Figure 6B). Accordingly,
BIM protein expression was down-regulated
in cells transfected with miR-24 mimic 36 h
post D-GalN/TNF challenge (Figure 6C, 6D)
(P<0.001). From the aforementioned data, we
conclude that miR-24 regulates BIM at both the
MRNA and protein levels in vitro.

Discussion
ALF induced by viral hepatitis,alcohol or other

hepatotoxic drugs are liver damaging process-
es, in which TNFa plays a critical role [29].

Am J Transl Res 2017;9(11):4925-4935
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Previous findings have suggested that miRNAs
play arolein regulating death receptors and
pro-and anti-apoptotic genes [30]. However,
the relationship between miRNAs and TNF-o-
dependent apoptosis has not been fully de-
monstrated in themurine ALF model. In light of
this, we speculated that miRNAs may regulate
hepatocyte apoptosis in ALF.

The D-GalN/LPS-induced murine ALF model is
dependent on TNFa production [31]. Our ALF
model was confirmed by histopathology and
biochemistry, through which we also revealed
that miR-24 was down-regulated and Bim was
upregulated. Furthermore, our data demon-
strated that miR-24 regulated the key apoptotic
gene BIM during ALF. Thus, we conclude that
miR-24 regulated hepatocyte apoptosis via BIM
in the murine ALF model. These findings are
consistent with previous reports, which found
that miR-24 regulated apoptosis by targeting
BIM in murine cardiomyocytes [21] and pan-
creatic carcinoma [32]. Therefore, we conclude
that the down-regulation of hepatic miR-24 also
contributes to hepatocyte apoptosis by regulat-
ing BIM in this ALF model.

mMiRNAs regulate protein expression by induc-
ing mRNA degradation and repressing transla-
tion [33]. In this study, we revealed that miR-24
targeted Bim mRNA3’UTR in hepatocytes using
the luciferase analysis system. Our data show-
ed that miR-24 mimic reduced the expression
of BIM mRNA and protein, which demonstrated
that miR-24 regulated hepatocyte apoptosis by
suppressing Bim viamRNA degradation and
translation.

BIM belongs to the pro-apoptotic BCL-2 family
and is located in the outer mitochondrial me-
mbrane, which contributes to TNF-a-induced
apoptotic signaling events [34, 35]. In our
experiments, miR-24 was down-regulated in
the ALF livers in vivo and in hepatocytes treated
with D-GalN/TNF in vitro. Conversely, we sh-
owed that BIM mRNA and protein levels were
up-regulated during ALF, both in vivo and in
vitro. Meanwhile, miR-24 overexpression re-
duced the mRNA and protein expression of
BIM. Similarly, miR-24 mimic attenuated the
apoptotic rate. These data are consistent with
the TargetScan database, which shows BIM is
a putative miR-24 target. Our findings suggest
that miR-24 regulates hepatocyte apoptosis by
suppressing BIM.
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Apoptosis can be triggered by the death recep-
tor (extrinsic) and the mitochondrial (intrinsic)
pathways [36]. TNF contributes to hepatocyte
apoptosis in ALF via the death receptor path-
way. During ALF, interactions between TNF and
TNF Receptor 1 trigger a series of intracellular
events, which culminate in the activation of
caspase-3, -8 and -9 [37]. Caspases are crucial
mediators of programmed cell death, and cas-
pase-3 is a frequently activated death protease
that catalyzes the specific cleavage of many
key cellular proteins [26]. We showed that TNF
was up-regulated in the liver tissue and serum
during ALF in vivo. The increased levels of ap-
optosis were also confirmed by progressively
increased numbers of caspase-3-positive cells
over time in the ALF livers.The level of cas-
pase-3 protein expression was also determined
by western blot. Taken together, our findings
demonstrate that apoptosis plays an important
role in ALF.

During in vivo and in vitro ALF, miR-24 was
down-regulated, while BIM was up-regulated.
Moreover, miR-24 overexpression reduced BIM
MRNA and protein levels. BIM induction by
palmitate induces apoptosis in hepatocytes
[38], which is a critical contributor to TNF-a-
induced hepatocyte apoptosis in vivo. We spec-
ulate that miR-24 overexpression reduces BIM
expression, which in-turn downregulates down-
stream genes, including caspase-3, conse-
quently attenuating hepatocyte apoptosis.
These data suggest that miR-24 regulates
hepatocyte apoptosis by BIM during ALF; how-
ever, the precise underlying mechanism that
connects miR-24 and BIM remains to be
explored. To this end, the upstream regions of
miR-24 are currently being investigated.

In summary, our research revealed that miR-24
regulates hepatocyte apoptosis via targeting
BIM. These findings may provide a new thera-
peutic strategy for ALF treatment.
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