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Abstract 

Fas-induced apoptosis is a central mechanism of hepatocyte damage during acute and chronic hepatic 
disorders. Increasing evidence suggests that circadian clock plays critical roles in the regulation of cell 
fates. In the present study, the potential significance of REV-ERBα, a core ingredient of circadian clock, in 
Fas-induced acute liver injury has been investigated. The anti-Fas antibody Jo2 was injected 
intraperitoneally in mice to induce acute liver injury and the REV-ERBα agonist GSK4112 was 
administered. The results indicated that treatment of GSK4112 decreased the level of plasma ALT and 
AST, attenuated the liver histological changes, and promoted the survival rate in Jo2-insulted mice. 
Treatment with GSK4112 also downregulated the activities of caspase-3 and caspase-8, suppressed 
hepatocyte apoptosis. In addition, treatment with GSK4112 decreased the level of Fas and enhanced the 
phosphorylation of Akt. In conclusion, treatment with GSK4112 alleviated Fas-induced apoptotic liver 
damage in mice, suggesting that REV-ERBα agonist might have potential value in pharmacological 
intervention of Fas-associated liver injury. 
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Introduction 
Fas, a death receptor also known as CD95, is 

constitutively and abundantly expressed in liver, 
which signals the extrinsic apoptotic pathway and 
induces excessive hepatocyte apoptosis [1, 2]. The 
abnormally activated Fas-induced apoptosis has been 
identified as a central mechanism of hepatocyte 
damage during acute and chronic hepatic disorders 
such as virus hepatitis, alcoholic liver disease, 
nonalcoholic fatty liver disease and ischemia/ 
reperfusion-induced liver injury [3-5]. Fas-induced 
liver damage can be well mimicked in experimental 
animal studies via injection of anti-Fas antibody (Jo2) 
in mice, which induces severe hepatocyte apoptosis 
and fulminant liver injury [6, 7]. Fas-induced acute 
hepatic injury in mice has been widely used to 

investigate the pathogenesis and pharmacological 
targets of hepatic disorders in experimental studies 
[7-9]. 

The circadian clock is essential for the 
maintenance of homeostasis during a diverse of 
physiological processes, such as sleep-wake cycle, 
feeding-fasting rhythm, rhythmic change of body 
temperature, levels of hormones, levels of glucose and 
lipid, et al [10, 11]. Recently, the regulatory function of 
circadian clock on cellular fate has been concerned 
[12, 13]. REV-ERBα is a core ingredient of circadian 
clock and acts as a repressor in maintaining the 
circadian clock [14]. Some studies have found that 
activation of REV-ERBα promoted apoptosis in gastric 
cancer cells and in palmitate-induced preadipocytes 
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[15, 16]. On the contrary, deletion of the REV-ERBα 
gene also increase apoptosis of neurons in internal 
granule cell layer during postnatal cerebellar 
development [17]. Therefore, REV-ERBα might be a 
profound regulator of apoptosis, but whether it also 
regulate Fas-induced apoptosis remains unknown. 

In the present study, to investigate the potential 
roles of REV-ERBα in Fas-induced acute liver damage, 
REV-ERBα was activated by using the REV-ERBα 
agonist GSK4112. GSK4112 is a selective REV-ERBα 
agonist that has been widely used to explore the roles 
of REV-ERBα in the regulation of circadian clock- 
associated physiological and pathophysiological 
events [18-21]. In the present study, the potential 
effects of GSK4112 on the degree of hepatic damage, 
hepatocyte apoptosis, and the underlying mechanism 
were investigated. 

Materials and methods 
Reagents 

REV-ERBα agonist GSK4112 was obtained from 
Cayman Chemical (Ann Arbor, MI, USA). Anti-Fas 
antibody Jo2 were supplied by BD Bioscience 
(Franklin Lakes, NJ, USA). The aspartate 
aminotransferase (AST) and alanine aminotransferase 
(ALT) activity detection kits were sourced from 
Nanjing Jiancheng Bioengineering Institute (Nanjing, 
China). The caspase-3 and caspase-8 activity detection 
kits and the Fas antibody were obtained from 
Beyotime Institute of Biotechnology (Jiangsu, China). 
The antibodies, such as β-actin, cleaved caspase-3, 
Akt, and p-Akt, were obtained from Cell Signaling 
Technology (Danvers, MA, USA). The In situ Cell 
Death Detection Kit was sourced from Roche 
(Indianapolis, IN, USA). 

Animals 
Male C57BL/6 mice, weighing 18-22 g and 6-8 

wk old, were procured from Chongqing Medical 
University. Throughout the experiment, the mice 
were maintained at specific room (20-25 °C, 12 h 
dark/12 h light rhythm and 45-55% relative 
humidity), and were provided with water and diet 
freely. All handling procedures about animal were 
authorized by the Ethics Committee of Chongqing 
Medical University. 

Experimental model 
To establish Fas-induced acute hepatic damage, 

BALB/c mice were treated with Jo2 (0.5 μg/g, 
dissolved in normal saline (NS)) by intraperitoneal 
(i.p.) injection. To evaluate the effect of GSK4112 in 
Fas-induced hepatic damage, 32 mice were randomly 
allocated into four different groups (8 mice/group). In 

the Fas group, the mice were treated with Jo2 to 
establish Fas-induced hepatic damage. In the 
GSK4112+Fas group, GSK4112 (25 mg/kg, dissolved 
in DMSO) was injected intraperitoneally at 0.5 h 
before Jo2 exposure. The selected dosage of GSK4112 
was depended on the preliminary experiments. The 
control group and the GSK4112 group were 
administered with the uniform dose of solvent or 
GSK4112 respectively. The animals were executed at 6 
h after the treatment of Jo2 or NS. The blood was 
obtained for the detection of plasma index, such as 
ALT and AST. The livers were collected for the 
evaluation of morphological change, and other 
analysis. For assessing the role of GSK4112 on 
mortality, 40 mice were randomly divided into two 
different groups (20 mice/group), the Fas group and 
the GSK4112+Fas group. The mice were observed 
every 6 h for 7 day following Jo2 administration, and 
the survival rate was analyzed. 

Histological evaluation 
To observe the histological change of hepatic 

damage, the obtained liver was fixed with buffered 
paraformaldehyde. The fixed specimens were 
embedded with paraffin. Then the paraffin waxes 
containing liver tissue were sliced into sections (4 
μm). We stained the sections with hematoxylin and 
eosin (H&E), and then observed it in light microscopy. 
The histological abnormalities of the liver were 
blindly scored according to the method as previous 
described with slight modifications [22]. Briefly, the 
histological changes were graded on a scale of 0-3 (0, 
normal; 1, mild; 2, moderate; 3, severe). 

Aminotransferase Analysis 
To assess the degree of hepatic damage, the 

reagent kits were used to measure the levels of ALT 
and AST in plasma according to the program afforded 
by manufacturer (Nanjing Jiancheng Bioengineering 
Institute). 

Caspase activity assay 
To detect the caspase activity, liver homogenates 

were prepared. The reagent kits were used to measure 
the activity of caspase-8 and caspase-3 according to 
the program afforded by manufacturer (Beyotime 
Institute of Biotechnology). 

TUNEL assay 
To analyze the level of apoptosis in liver 

sections, Terminal deoxynucleotidyl transferase dUTP 
nick end labeling (TUNEL) was carried out with In 
situ Cell Death Detection Kit (Roche), according to the 
program afforded by manufacturer. 
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Figure 1. GSK4112 attenuated Fas-induced hepatic histological damage. The livers were collected at 6 h after Jo2 exposure. The liver tissues were embedded with 
paraffin and sliced into sections. The sections were stained with hematoxylin and eosin, and then observed in light microscopy. (a) The typical sections of each group are 
displayed. (b) The histological abnormalities of the liver were semi-quantified. **P < 0.01 compared with the Fas group (Jo2 +/GSK4112 -). n = 4. 

 

Western blot analysis 
The protein level of cleaved caspase-3, Fas, Akt 

and p-Akt were analyzed by Western blot. In brief, the 
liver tissues were lysed, and the tissue proteins were 
extracted by the kits of protein extraction according to 
the program afforded by manufacturer (Beyotime 
Institute of Biotechnology). The concentration of 
extracted protein was determined by the BCA protein 
assay kit (Pierce Biotechnology). Following this, the 
proteins with equal amount from each tissue were 
separated in a polyacrylamide-sodium dodecyl 
sulfate gel, after that, the proteins were transferred 
onto a nitrocellulose membrane. The membranes were 
incubated respectively with primary antibodies, such 
as cleaved caspase-3, Fas, Akt, p-Akt and β-actin, 
overnight at 4 °C. The next day, the membranes were 
incubated with the second antibody. Finally, the 
target blots were visualized by the ECL 
chemiluminescence system. 

Statistical analysis 
The experimental data were expressed as mean ± 

standard deviation (SD). The statistical difference of 
groups was evaluated using one-way ANOVA with 
the Tukey’s post hoc test. The difference of survival 
rate was evaluated by the Kaplan-Meier curve and 
log-rank test. The analysis result, P < 0.05, was 
considered to be statistical significance. 

Results 
GSK4112 attenuated Fas-induced hepatic 
damage 

According to the histological examination in 
liver sections, the control group and the GSK4112 
group showed normal histological structure, but 
anti-Fas antibody Jo2 induced serious liver damage, 
including destruction of hepatic lobule, hepatocyte 

necrosis and hemorrhage (Fig. 1). While in the 
GSK4112+Fas group, the degree of liver damage was 
obviously ameliorated (Fig. 1). The plasma ALT and 
AST are considered as the representative biochemical 
indicators of hepatic lesion [23]. Consistent with the 
histological abnormalities, the plasma ALT and AST 
increased significantly following Jo2 exposure, 
whereas treatment with GSK4112 suppressed the 
increase of ALT and AST in Jo2-exposed mice (Fig. 2). 
In addition, treatment with GSK4112 markedly 
improved the survival rate of Jo2-exposed mice (Fig. 
3). 

 

 
Figure 2. GSK4112 decreased plasma ALT and AST induced by Jo2 
exposure. The level of plasma alanine aminotransferase (ALT) (a) and aspartate 
aminotransferase (AST) (b) were evaluated at 6 h after Jo2 exposure. n = 8. CON: 
control. *P < 0.05, **P < 0.01 compared with the Fas group (Jo2 +/GSK4112 -). 
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Figure 3. GSK4112 reduced mortality induced by Jo2 exposure. The survival 
of the experimental animals was observed every 6 h for 7 day following Jo2 
administration, and the survival rate was assessed by the Kaplan-Meier curve and 
log-rank test. n = 20. **P <0.01 compared with the Fas group (Jo2 +/GSK4112 -). 

 
Figure 4. GSK4112 decreased caspase activity after Jo2 exposure. The livers 
were collected at 6 h after Jo2 exposure. The activity of caspase-8 (a) and caspase-3 
(b) in the liver were evaluated. n = 8. CON: control. *P < 0.05, **P < 0.01 compared 
with the Fas group (Jo2 +/GSK4112 -). 

 

GSK4112 suppressed Fas-induced hepatocyte 
apoptosis 

Caspase-8 is regarded as an initiator caspase, 
which can activate downstream caspases and trigger 
apoptosis [24]. As expected, the challenge with Jo2 
increased the activity of caspase-8 in liver tissue, but 
treatment with GSK4112 significantly suppressed 
caspase-8 activity in Jo2-exposed liver (Fig. 4a). 
Caspase-3 is considered as a major executor caspase in 
apoptosis [24]. In this study, the activity of caspase-3 
in liver elevated obviously after Jo2 exposure, but 

treatment with GSK4112 markedly suppressed the 
caspase-3 activity in Jo2-exposed mice (Fig. 4b). 
Consistently, the protein level of cleaved caspase-3 in 
liver increased notably after Jo2 exposure, which was 
reversed by the treatment with GSK4112 (Fig. 5). 
Accompanied with the activation of caspase-3, the 
TUNEL analysis showed that hepatocyte apoptosis 
also elevated markedly following Jo2 exposure, but 
this alteration was reversed by GSK4112 (Fig. 6). 

 

 
Figure 5. GSK4112 suppressed the level of cleaved caspase-3 induced by 
Jo2 exposure. The livers were collected at 6 h after Jo2 exposure. The protein level 
of cleaved caspase-3 in liver was assessed by Western blot. n = 4. CON: control. **P 
< 0.01 compared with the Fas group (Jo2 +/GSK4112 -). 

 

GSK4112 down-regulated the level of Fas in 
Jo2-exposed liver 

In Fas-induced apoptosis, ligation of Fas induces 
the activation of caspase-8 and finally triggers cell 
apoptosis [2]. Consistent with the suppressed 
activation of casepase-8 and the reduced TUNEL- 
positive cells, the present study found that treatment 
with GSK4112 down-regulated the level of Fas in 
Jo2-induced liver injury (Fig. 7). 

GSK4112 enhanced Akt activity in 
Jo2-challenged liver 

It is well known that Akt plays a crucial role in 
suppressing apoptosis. Akt functions as a crucial 
regulator that prevents Fas-induced activation of 
caspase-8 [25]. As shown in Fig. 8, treatment with 
GSK4112 significantly upregulated the level of p-Akt 
in Jo2-exposed liver. 
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Figure 6. GSK4112 attenuated hepatocyte apoptosis after Jo2 exposure. The livers were collected at 6 h after Jo2 exposure. The sections of liver tissue were prepared 
and detected by TUNEL assay. The dark-brown nucleus indicates apoptotic cells. (a) The typical sections of each group are displayed (original magnification ×200). (b) The 
numbers of TUNEL-positive cells in 10 randomly selected field were counted under a microscope. *P < 0.05 compared with the Fas group (Jo2 +/GSK4112 -). n = 4. CON: 
control. 

 

 
Figure 7. GSK4112 down-regulated the level of Fas in Jo2-exposed liver. 
The livers were collected at 6 h after Jo2 exposure. The protein level of Fas in liver 
was detected by Western blot, and the relative level of Fas was assessed. n = 4. CON: 
control. *P < 0.05 compared with the Fas group (Jo2 +/GSK4112 -). 

 
Figure 8. GSK4112 enhanced Akt activity in Jo2-exposed liver. The livers 
were collected at 6 h after Jo2 exposure. The protein level of Akt and p-Akt in liver 
was assessed by Western blot, and the relative level of p-Akt/total Akt was assessed. 
n = 4. CON: control. **P < 0.01 compared with the Fas group (Jo2 +/GSK4112 -). 
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Discussion 
Recently, the effects of circadian clock in 

pathophysiologic processes have been highly 
concerned [12, 26]. It has been found that some 
elements of circadian clock can regulate inflammatory 
response and apoptosis [27-30], but the effects of 
REV-ERBα in acute hepatic injury and hepatocyte 
apoptosis remain unclear. The present study found 
that treatment with REV-ERBα agonist GSK4112 
provided beneficial effects in mice with Fas-induced 
liver damage, because GSK4112 suppressed the levels 
of plasma ALT and AST, attenuated the liver 
histological changes, and promoted the survival rate 
in Fas-induced mice model. Based on the above 
results, REV-ERBα might play a protective role in 
Fas-induced liver injury. 

Activation of Fas induces severe hepatocyte 
apoptosis in mice [6, 7]. In the process of apoptosis, 
caspase-3 is the crucial downstream executor [24]. 
Once caspase-3 is cleaved and activated, it cleaves a 
mass of cellular substrates, and leads to cell apoptosis 
[24]. In the principle of Fas-induced apoptosis, 
ligation of Fas results in the formation of 
death-inducing signaling complex (DISC) [2, 31]. The 
DISC induces the autocatalytic processing and 
activation of caspase-8 [2, 31]. Subsequently, the 
activated caspase-8 cleaves and activates the effector 
caspases-3, and finally triggers cell apoptosis [2, 31]. 
In the present study, treatment with GSK4112 
suppressed the activity of caspase-8, caspase-3 and 
the level of cleaved caspase-3 in Fas-challenged mice. 
Consistent with the results, TUNEL assay also shown 
that GSK4112 decreased hepatocyte apoptosis in 
Fas-induced liver injury. Hence, the protective role of 
REV-ERBα in liver injury maybe attribute to its 
suppressive effects on hepatocyte apoptosis. 

In agree with the results in the present study, 
treatment of REV-ERBα agonist SR9009 decreased the 
level of cleaved caspase-3 and the number of 
TUNEL-positive cells in the hippocampus in mice 
with the pilocarpine-induced status epilepticus [32]. 
In addition, treatment of GSK4112 inhibited the 
activation of caspase-3 in SH-SH5Y cells [33]. Previous 
studies have shown that mice lacking REV-ERBα gene 
enhanced apoptosis of neurons in the internal granule 
cell layer during postnatal cerebellar development 
[17]. These data indicate that REV-ERBα plays an 
important effect in suppressing apoptosis. 

To investigate the mechanisms through which 
GSK4112 suppresses the caspase cascade and 
hepatocyte apoptosis, the level of Fas has been 
determined. Interestingly, the present study found 
that treatment with GSK4112 down-regulated the 
level of hepatic Fas in Jo2-exposed mice, which might 
be responsible for the suppressed activation of 

casepase-8, the reduced TUNEL-positive cells and the 
alleviated liver injury in the present study. These 
results revealed the novel association between 
REV-ERBα and Fas in liver, but the underlying 
mechanisms remain to be further investigated. 

In addition to Fas level, the Akt pathway, which 
plays critical roles in cell survival and apoptosis [25], 
has been concerned. The activated Akt prevented 
DISC assembly by impairing recruitment of 
procaspase-8, which suppresses Fas-induced 
activation of caspase-8 and cellular apoptosis [34]. 
Previous study has found that treatment with SC79, 
an Akt activator, prevented the recruitment of 
procaspase-8 into the DISC, declined the activation of 
caspase-8, and alleviated apoptosis of hepatocytes 
induced by anti-Fas antibody [35]. In the present 
study, treatment with GSK4112 upregulated the level 
of p-Akt in Fas-induced liver injury. In agreement 
with our findings, a recent study found that treatment 
with the REV-ERBα agonist SR9009 regulated 
macrophage polarization via activation of the Akt 
pathway [36]. It has been reported that p53 is crucial 
for the upregulation of Fas expression in liver [37, 38], 
while Akt functions as a negative regulator of p53 [39, 
40]. Therefore, Akt-p53-Fas axis might be a potential 
mechanism contributing to the suppressive effects of 
REV-ERBα agonist GSK4112 on Fas. 

It is still a question how GSK4112 enhances the 
activity of Akt in acute hepatic injury. Previous 
studies have shown that PI3K and PTEN are major 
upstream regulator of AKT [41, 42]. When PI3K is 
activated by diverse growth factor, PI3K 
phosphorylates the phosphatidylinositol (4,5)- 
bisphosphate (PIP2) to generate the phosphatidyl-
inositol (3,4,5)-trisphosphate (PIP3), and then, PIP3 
activates AKT [41, 42]. However, the PI3K/AKT 
signaling pathway is negatively regulated by PTEN, 
which is able to dephosphorylate PIP3 and create 
PIP2, and inhibits the activation of AKT [41, 42]. It will 
be an important question whether PTEN/PI3K/Akt 
signaling pathway plays an important role in the 
protective effect of GSK4112 in acute hepatic injury. 

In the present study, treatment with GSK4112 
significantly improved the survival of Jo2-exposed 
mice, suggesting that GSK4112 as well as other 
REV-ERBα agonists might have potential value for the 
treatment with Fas-associated liver damage. 
However, treatment with GSK4112 could not 
completely prevent Jo2-induced mortality, implying 
that REV-ERBα partially regulate Fas-induced 
hepatocyte apoptosis and some REV-ERBα- 
independent molecular events responsible for Fas- 
induced apoptosis remain to be further investigated. 
In addition, it is possible that the pharmacological 
reagent used in the present study might have some 
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off-target effects. Therefore, the roles of REV-ERBα in 
acute liver injury should be further investigated in 
REV-ERBα knock-out mice. 

In conclusion, the present study found that 
treatment with the REV-ERBα agonist GSK4112 
effectively suppressed Fas-induced hepatocyte 
apoptosis and liver damage in mice, and the 
protective effects of GSK4112 might be associated 
with the reduced level of Fas and the enhanced 
activation of Akt. Although the molecular 
mechanisms underlying the association between 
REV-ERBα and Fas remain to be further investigated, 
the present study suggests that REV-ERBα agonist, 
including GSK4112, might have therapeutic benefits 
in Fas-associated hepatic disorders. 
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