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 Background: Excessive alcohol consumption can cause hepatocellular injury. ATPase II (ATP8A1) can display an ATP-dependent 
phospholipid translocase activity. However, the function of ATP8A1 in hepatocyte injury is still unclear. In the 
present study we explored the effect of ATP8A1 on ethanol-induced hepatocyte injury.

 Material/Method: A human hepatocyte strain, HL-7702, was pretreated by ethanol with gradient concentration for 2, 4, 8, and 
12 h, and were then divided into 6 groups after the cells were transfected. We detected cell viability by use of 
the Cell Counting Kit-8 (CCK-8) assay. Reactive oxygen species (ROS), apoptosis rate, and mitochondrial mem-
brane potential (MMP) were measured using flow cytometry. We used quantitative reverse transcription-poly-
merase chain reaction (qRT-PCR) and Western blot to measure the mRNA and protein expression, respectively.

 Results: Ethanol inhibited the viability of HL-7702 cells and suppressed the expression of ATP8A1 in dose- and time-
dependent manners. Furthermore, over-expression of ATP8A1 reduced the level of ROS and the apoptosis rate 
and recovered the MMP. Additionally, over-expressed ATP8A1 regulated the protein and mRNA levels of apop-
tosis-related molecules. Moreover, over-expression of ATP8A1 enhanced the phosphorylation of phosphati-
dylinositol 3-kinase (PI3K) and protein kinase B (Akt).

 Conclusions: Over-expression of ATP8A1 alleviated ethanol-induced hepatocyte injury. Moreover, the PI3K/Akt signaling path-
way appears to participate in inhibition of ethanol-induced hepatocyte apoptosis and may provide a candidate 
target for the treatment of alcoholic liver diseases (ALD).
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Background

Alcoholic liver disease (ALD) is considered to be associated with 
the alcohol abuse and unhealthy lifestyle [1]. Excessive alcohol 
intake can trigger hepatocyte injury and death by apoptotic 
pathways [2]. Moreover, excessive alcohol use can contribute 
to mitochondrial damage, depressed adenosine triphosphate 
(ATP) synthesis rate, and an impaired oxidative phosphoryla-
tion system [3]. Ethanol can promote the accumulation of re-
active oxygen species (ROS) in hepatic mitochondria, which 
are a group of reactive, short-lived, oxygen-containing species. 
Excessive ROS impairs some organisms, resulting in cell death 
for both tumors and healthy cells [4]. Generally, hepatocyte 
apoptosis is caused by exposure to ethanol [5].

Apoptosis can be caused through the mitochondrial pathway 
and the death receptor pathway [6]. In the former, cytochrome C 
(a pro-apoptotic protein) can bind Apaf-1 and procaspase-9 to 
form an apoptosome. The agminated procaspase-9 can acti-
vate caspase-9 and caspase-3 to initiate apoptosis [7,8]. Bcl-2- 
and Bcl-2-associated X protein (Bax) in the Bcl-2 gene family 
have opposite effects [9]. Bcl-2 can inhibit cell apoptosis by 
preventing the release of cytochrome C from the mitochon-
dria to the cytoplasm, while Bax is an antagonist of Bcl-2 [10]. 
Moreover, as a cleavage enzyme, caspase-3 can induce cell 
apoptosis [11,12]. Fas and Fas ligand (Fasl) are tumor necrosis 
factors that can induce the death receptor pathway. Fas/Fasl 
can recruit Fas-associated death domain-containing protein 
(FADD) and procaspase-8 to form the death-inducing signaling 
complex (DISC), and then the autoproteolysis and activation of 
procaspase-8 can activate Caspase-3, leading to apoptosis [13].

The PI3K/Akt pathway, a vital anti-apoptotic pathway in cells, 
can suppress apoptosis by regulating the death receptor path-
way and the mitochondrial pathway [14]. The PI3K/Akt path-
way can regulate the expression of many anti-apoptotic genes 
by its downstream transcription factor [15]. As a major down-
stream target of PI3K, Akt can phosphorylate multiple proteins 
to regulate cell survival [16,17]. A previous study suggested that 
p-Akt can phosphorylate the death promoter Bad to preserve 
mitochondrial integrity by promoting Bcl-2 [18]. Meanwhile, 
Bcl-2 can prevent Bax from conformational changes to inhibit 
apoptosis [19]. Many studies have revealed that inhibition of 
the PI3K/Akt pathway activates Fas-mediated apoptosis in gas-
tric, colon, and prostate cancer [20–22]. Briefly, PI3K/Akt sig-
naling may provide an effective strategy to relieve ethanol-in-
duced hepatocyte injury.

ATP8A1 (formally termed ATPase II) is an amino phospholipid 
acyl transferase (APLT), whose activity can be stimulated by 
transport phosphatidylserine (PS) and phosphatidyl ethanol-
amine (PE). ATP8A1 is able to move PS across the leaflets of 
the vesicle membrane in presence of ATP [23,24]. It has also 

been documented that the over-expression of ATP8A1 helps 
maintain transmembrane lipid homeostasis in the liver [25]. 
However, the effect of ATP8A1 on ethanol-induced hepatocytic 
injury is still unknown. In the present study, we explored the 
role of the ATP8A1 in ethanol-induced hepatocytic injury.

Material and Methods

Cell culture

The human hepatic cell line HL-7702 was obtained from the 
Cell Bank of the Institute of Biochemistry and Cell Biology 
(Shanghai, China). HL-7702 cells were grown in RPMI-1640 
medium supplemented with 10% fetal bovine serum (FBS), 
50 U/mL penicillin, and 50 mg/mL streptomycin at 37°C with 
5% CO2 (all from Invitrogen, Carlsbad, CA, USA).

Transfection of HL-7702 cells

Cells at a density of 4×105 cells were seeded into 6-well plates. 
After culturing for 24 h, the medium was replaced by Opti-MEM 
(Invitrogen) and cultured. The pIRES2-EGFP-ATP8A1 and con-
trol vector were designed and cloned by Takara Biotechnology 
(Dalian) Co., Ltd. Plasmids were transfected according to the 
Lipofectamine 2000 protocol (Invitrogen, Grand Island, NY, 
USA). After incubation for another 48 h, the treated cells were 
used for further study.

CCK-8 assay

Cell viability was performed using CCK-8 (Beyotime, Beijing, 
China). Cells were cultivated in 96-well plates at a density of 
3000 cells, followed by treatment on the fresh media containing 
0, 50, 100, 150, 200, 250, and 300 mM of ethanol for 2, 4, 8, 
12, and 24 h. When the incubation was over, the CCK-8 was 
added and cultured for 4 h. The absorbance was detected at 
450 nm. After cell transfection, the experiment was divided 
into 6 groups and the cell viabilities were determined at 12, 
24, and 48 h.

Intracellular ROS levels

Using fluorescence-activated cell sorting (FACS) analysis to 
detect ROS levels in HL-7702 cells treated by ethanol, cells in 
each group were centrifugated and then incubated in 10 μM 
diluted 2’,7’-dichlorofluorescin diacetate (DCFH-DA) in the dark 
for 20 min. Cells were washed 3 times, and binding buffer was 
added. The cells were detected by FACS Calibur flow cytometry 
(Becton Dickinson, Franklin Lakes, NJ, USA) and the results were 
analyzed by Cyflogic software (Cyflogic Team, Turku, Finland).
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Analysis of cell apoptosis

The Annexin V-FITC Apoptosis Detection Kit (Biovision, USA) 
was prepared for cell apoptosis. HL-7702 cells in each group 
were stained by Annexin V-fluorescein isothiocyanate (FITC) 
and PI and incubated in the dark at room temperature. Cells 
were washed with PBS and resuspended. The fluorescence 
was immediately analyzed by flow cytometry using fluores-
cence channels FL1H and FL2H. Cells in the lower left quarter 
represented normal cells. Cells in the right lower quarter and 
right upper quarter correspond to early apoptotic cells and late 
dead cells, respectively.

Changes of the mitochondrial membrane potential (MMP)

Changes of MMP were determined by Rh123 (Sigma, St. Louis, 
MO, USA). HL-7702 cells in each group were resuspended by 
PBS, followed by incubation with 10 μM Rh123 for 0.5 h in 
the dark at 37°C. Fluorescence intensity was analyzed by flow 
cytometry.

Quantitative reverse transcription-polymerase chain 
reaction (qRT-PCR)

Total RNA was isolated according to the manufacturer’s pro-
tocol (Invitrogen, Carlsbad, CA, USA) a reverse transcription 
was performed using the protocol of for SuperScript III reverse 
transcriptase (Takara, Japan). Primer specificity was verified by 
NCBI Primer-BLAST. The primers were synthesized (Shanghai 
Sangon Biological Engineering Technology Company Limited, 
China) as shown in Table 1. Amplification reactions were per-
formed on the ABI 7500 Real-Time PCR (Applied Biosystems, 
Foster City, CA, USA). The conditions were: 95°C for 15 min, 
40 cycles of 95°C for 15 s, and 60°C for 60 s. GAPDH served 
as a reference gene and the data were evaluated by the 2–DDCt 
method. Each sample was detected at least 3 times.

Western blot assay

Total proteins were isolated using lysis buffer (Beyotime, Beijing, 
China), and the concentrations were measured by BCA protein 
assay (Thermo Scientific, Rockford, IL, USA). After separation 
by sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE), total proteins were transferred onto polyvinyli-
dene difluoride membranes (Millipore, Bedford, MA, USA). for 
incubation overnight at 4°C with following treatment with spe-
cific primary antibodies: anti-ATP8A1 (1: 5000, Abcam), anti-
Bcl-2, anti-Bax (1: 100, Santa Cruz Biotechnology), anti-GAPDH 
(1: 500, Santa Cruz Biotechnology), anti-Fas, anti-Fasl (1: 500, 
Bioworld technology, Inc., Louis Park, MN), anti-p-PI3K, anti-
PI3K, anti-p-Akt and anti-Akt antibody (1: 200, Cell Signaling 
Technology). After washing in PBS, goat anti-rabbit second 
antibody (1: 3000, Rockland, Gilbertsville, PA, USA) was incu-
bated with membranes for 1 h. The proteins were detected 
using the Odyssey Infrared Imaging System (Version 2.1.12, 
LI-COR, Lincoln, NE).

Statistical analysis

Values are expressed as mean ± standard deviation (SD). 
Statistical differences were analyzed using the t test and one-
way analysis of variance (ANOVA). Differences with a P value 
less than 0.05 were regarded as statistically significant.

Results

The effects of ethanol on cell viability and expression of 
ATP8A1

HL-7702 cells were used to evaluate the stress of ethanol. 
Compared with the control group, cell viability decreased with 
increasing concentrations of ethanol in time- and dose-depen-
dent trends (Figure 1A). qPCR results showed that the mRNA 
expression of ATP8A1 increased slightly at 50 mM, and then 
declined (Figure 1B). Western blot results showed that, with 

Gene Forward primers (5’-3’) Reverse primers (5’-3’)

ATP8A1 ACATGCACTATGAACCCACA TGAGTTCTGCCCATAAGCAA

Fas TATCACCACTATTGCTGGAGTCATG TCAATGTGTCATACGCTTCTTTCTT

Fasl CTCTGGAATGGGAAGACACCTATG GCAAGATTGACCCCGGAAGTATA

Bcl-2 GAGCAGACGGATGGAAAAAGGA CAGGGCAAAGAAATGCAAGTGA

Bax GGTCTATAATGCGTTTTCCTTACGT AGAGCTAGGGTCAGAGGGTCATC

Caspase-3 AAGAACTTAGGCATCTGTGGGCA TTCAGGACAAACATCACAAAACCA

GADPH TGAACGGGAAGCTCACTGG GCTTCACCACCTTCTTGATGTC

Table 1. Summary of the qRT-PCR primers.
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the increased concentration of ethanol, the protein expression 
of ATP8A1 was gradually reduced (Figure 1C), and it was de-
creased significantly when the ethanol dosage reached 200 mM 
(**P<0.01, ## P<0.01; Figure 1D). Therefore, the treatment of 
200 mM ethanol for 4 h was used in subsequent experiments.

Over-expression of ATP8A1attenuated hepatocyte injury

To analyze the role of ATP8A1 in hepatocyte injury, we trans-
fected the HL-7702 cells with an ATP8A1-plasmid and NC-
vector. The efficiency of ATP8A1 over-expression vector was 
confirmed by significant enhancement of the ATP8A1 protein 
and the mRNA level (Figure 2A, 2B). Cell viability was sub-
stantially increased by the over-expression of ATP8A1 at 12, 
24, and 48 h. Interestingly, with the prolongation of the time, 

cell viability was gradually increased by ATP8A1 over-expres-
sion (Figure 2C).

Up-regulated ATP8A1 protected HL-7702 cells from 
damage caused by ethanol

Flow cytometry assay showed that ATP8A1 over-expression re-
duces the ROS level and apoptosis rate and restored MMP levels 
(Figure 3A–3C). The over-expression of ATP8A1 markedly reduced 
the ethanol-induced ROS generation (Figure 3D). Furthermore, 
when the cells were exposed to ethanol, the total number of 
apoptotic cells was increased by approximately 18.33%, while 
up-regulated ATP8A1 inhibited cell apoptosis by about 10.4% 
(Figure 3E). Meanwhile, the over-expression of ATP8A1 clearly 
improved the level of MMP impaired by ethanol (Figure 3F).
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Figure 1.  Ethanol improved hepatocyte injury. (A) Cells were cultivated with ethanol at gradient concentrations (50, 100, 150, 200, 
250, and 300 mM) for 2, 4, 8, and 12 h. CCK-8 assay was used to detect viability of HL-7702 cells. ** P<0.01 compared 
with control group;  # P<0.05,  ## P<0.01 compared with ethanol-treated group for 2 h; ^ P<0.05,  ^^ P<0.01 compared with 
ethanol-treated group for 4 h. (B) The mRNA level of ATP8A1 was concentration-dependent. (C) Representative Western blot 
result showing expression of ATP8A1 after ethanol treatment for 4 h. (D) Protein expression of ATP8A1 showed differential 
expression levels under gradient ethanol concentration. * P<0.05, ** P<0.01 compared with control group;  # P<0.05,  
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Effects of over-expressed ATP8A1 on apoptosis-related 
molecules in HL-7702 cells

To explore the mechanism of ethanol-induced apoptosis, the 
levels of mRNAs related to apoptosis were measured (Figure 4A). 
Fas/Fasl, the death receptors that initiate apoptosis, presented 
an upward trend when HL-7702 cells were exposed to ethanol. 
Moreover, over-expressed ATP8A1 significantly inhibited the eth-
anol-induced activation of Fas/Fasl. The expression of Bcl-2 (an 
anti-apoptotic gene) was decreased, while the expression level 
of Bax (a pro-apoptotic gene) and Caspase-3 was improved after 
ethanol (200 mM) treatment. However, the expressions of Bcl-2, 
Bax, and Caspase-3 were largely reversed by the over-expres-
sion of ATP8A1. In addition, Western blot analysis highlighted a 
protein trend that was similar to mRNA expression (Figure 4B).

The protective effect of ATP8A1 over-expression in HL-
7702 cells was associated with the PI3K/AKT signaling 
pathway

To further explore the molecular mechanism underlying the 
protective effect of over-expressed ATP8A1 in HL-7702 cells, 
we examined the expression of proteins, including PI3K, p-PI3K, 
Akt, and p-Akt, by Western blot analysis (Figure 5A). After eth-
anol treatment, the p-PI3K/PI3K and p-Akt/Akt levels were 
significantly inhibited. Over-expressed ATP8A1 restored the 
PI3K phosphorylation suppressed by ethanol in HL-7702 cells. 
Moreover, ethanol inhibited the phosphorylation of Akt and 
was recovered by over-expressed ATP8A1, which is similar to 
the pattern of PI3K phosphorylation (Figure 5B).
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Figure 2.  Over-expressed ATP8A1 recovered the damage induced by ethanol. After cells were transfected with ATP8A1 and NC-vector, 
both the protein expression (A) and mRNA expression (B) of ATP8A1 in the over-expressed ATP8A1 group were relatively high 
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cells were transfected with NC-vector; ATP8A1 group: cells were transfected with over-expressed ATP8A1; Ethanol group: 
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^ P<0.05, ^^ P<0.01 compared with Ethanol group. 
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Figure 3.  ATP8A1 over-expression maintained survival of the ethanol-induced hepatocytes. (A–C) The levels of ROS, apoptotic cells, and 
MMP in each group were measured by flow cytometric analysis; (D–F) The statistical results of flow cytometric analysis are 
represented by the histogram. ** P<0.01 compared with control group;   ## P<0.01 compared with ATP8A1 group; ^^ P<0.01 
compared with Ethanol group. 

Discussion

The major result of this study is that over-expression of 
ATP8A1 markedly improved the viability of HL-7702 cells ex-
posed to ethanol (200 mM) for 4 h. Intracellular reactive oxy-
gen species levels and ethanol-induced apoptosis of HL-7702 
cells were significantly decreased and MMP was recovered by 

ATP8A1 over-expression. The effects of the ATP8A1 over-ex-
pression on ethanol-induced apoptosis appear to not only in-
volve down-regulation of Fas/Fasl and Caspase-3 and the in-
crease of Bcl-2/Bax ratio, but also enhanced phosphorylation 
of PI3K and Akt.
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Figure 4.  The protective effect of up-regulating ATP8A1 was related to apoptosis-related proteins. (A) The mRNA levels of Fas, Fasl, 
Bax, Bcl-2, and caspase-3 in each group were measured by qRT-PCR. (B) These apoptosis-related proteins expression levels 
were measured by Western blot. * P<0.05, ** P<0.01 compared with control group;  # P<0.05,  ## P<0.01 compared with 
ATP8A1 group; ^ P<0.05, ^^ P<0.01 compared with Ethanol group.
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Figure 5.  Over-expression of ATP8A1 might initiate the PI3K/Akt signaling pathway suppresses apoptosis. (A) The Western blot result 
of p-PI3K, PI3K, p-Akt, and Akt. (B) Quantitative analysis of p-PI3K/PI3K and p-Akt/Akt ratio. ** P<0.01 compared with control 
group;   ## P<0.01 compared with ATP8A1 group; ^^ P<0.01 compared with Ethanol group.
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Recently, it has been found that the inhibition of ethanol-in-
duced hepatocytic injury is significant for the treatment of ALD, 
as well as other methods [26]. It has been documented that 
ATP8A1 contributes to maintaining transmembrane lipid ho-
meostasis in liver cells [25]. Therefore, we selected ATP8A1 as 
the research object. We explored the possible role of ATP8A1 
in liver injury. In this study, the protective effect of over-ex-
pressed ATP8A1 in response to superfluous ethanol was eval-
uated. We found that the cell viability and the expression of 
ATP8A1 in hepatic HL-7702 cells showed a time- and dose-
dependent decrease. We also showed that transfection of 
ATP8A1 significantly improved the cell proliferation, indicat-
ing that up-regulated ATP8A1 exerts protective effects on eth-
anol-induced stress.

Acute and constant exposure to alcohol can result in excessive 
ROS in the liver mitochondrion [27], which can release pro-
apoptotic factors and generate free radicals. Overproduction 
of intracellular free radicals causes the collapse of MMP [26]. 
In the present study, we found that excessive ethanol expo-
sure caused over-accumulation of ROS, increased the apoptosis 

rate, and depressed MMP. Interestingly, over-expressed ATP8A1 
ameliorated accumulation of ROS, which can lead to mitochon-
drial damage in the liver [27]. Additionally, ATP8A1 over-ex-
pression suppressed the apoptosis rate and restored the col-
lapsed MMP, suggesting that over-expression of ATP8A1 might 
preserve mitochondrial integrity.

We also detected some molecules involved in an apoptosis path-
way. The pro- and anti-apoptosis members of the Bcl-2 family 
were reported to be pivotal regulators of cell apoptosis [28]. In 
the present study, we found that ethanol remarkably up-reg-
ulated Bax expression and down-regulated the level of Bcl-2, 
which might make collapsed MMP release Cytochrome C to ac-
tivate Caspase-3. However, ATP8A1 over-expression inhibited 
the expression of Bax and promoted the expression of Bcl-2, 
indicating that cell apoptosis might be inhibited by ATP8A1 
over-expression. Meanwhile, ATP8A1 over-expression decreased 
Caspase-3 activity, which further demonstrated that over-ex-
pressed ATP8A1 can attenuate ethanol-induced hepatocyte 
apoptosis by the mitochondrial pathway. Fas/FasL shows a pro-
motive effect on cell apoptosis [29]. In the present research, 
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the levels of Fas and Fasl were distinctly inhibited by over-ex-
pressed ATP8A1, proving the over-expression of ATP8A1 can 
inhibit apoptosis by suppressing Fas/Fasl. ATP8A1 translo-
cates PS to the cytosolic leaflet of membranes and PS is es-
sential for endosomal membrane traffic [30]. A high PS con-
centration in the cytoplasm side is essential to the activation 
of Akt [30,31]. Thus, we speculated that PI3K/Akt might be 
involved in ethanol-induced apoptosis. Once the phosphory-
lation of PI3K was activated by receptor tyrosine kinase, the 
p-PI3K finally activated Akt [32]. Activated Akt can activate 
downstream transcription factors to regulate apoptosis-re-
lated gene expression [33,34]. To explore the anti-apoptotic 
role of the PI3K/Akt signaling pathway, the levels of PI3K, 
p-PI3K, Akt, and p-Akt were detected. We found that ethanol 
could sharply attenuate the phosphorylation of PI3K and Akt. 
However, the p-PI3K/PI3K and p-Akt/Akt ratio were positively 
correlated with ATP8A1 over-expression, revealing that the 
PI3K/Akt signal pathway might participate in the suppression 
of ethanol-induced apoptosis in HL-7702 cells.

According to a previous study, the decreased expression of 
ATP8A1 can lead to the exposure of phosphatidyl ethanol-
amine to the cell surface [35]. Membrane lipid bilayer asym-
metry caused by the exposure of phosphatidyl ethanolamine 
is one of the signs of apoptosis [36,37]. Therefore, the possible 
mechanism for the protective effect of ATP8A1 may be by 

inhibition of PS externalization. The reduced PS externaliza-
tion then led to the decrease of ROS accumulation, the reduc-
tion of apoptosis, and activation of the PI3K/Akt pathway, and 
the ethanol-induced injury was finally mitigated. This specu-
lation needs further confirmation and we also do not rule out 
the possibility of other mechanisms.

Our study was limited in that our data were all from in vitro 
experiments. Deeper in vivo investigations or in other cell lines 
were worth undertaking to establish the role of ATP8A1 in he-
patocytic injury.

Conclusions

Over-expression of ATP8A1 may provide a critical protective 
effect on ethanol-induced hepatocytic injury mediated by both 
the mitochondrial pathway and the death receptor pathway. 
Furthermore, the PI3K/Akt signaling pathway might be asso-
ciated with the inhibition of ethanol-induced apoptosis. These 
results show that ATP8A1 may be a candidate gene in treat-
ment of ethanol-induced liver toxicity.

Conflict of interest

None.

References:

 1. Byrne CD, Targher G: NAFLD: A multisystem disease. J Hepatol, 2015; 62(1): 
S47–64

 2. Gao B, Bataller R: Alcoholic liver disease: Pathogenesis and new therapeu-
tic targets. Gastroenterology, 2011;141(5):1572-85.

 3. Cunningham CC, Bailey SM. Ethanol consumption and liver mitochondria 
function. Biol Signals Recept, 2001; 10(3–4): 271–82

 4. Kim SH, Kim KY, Park SG et al: Mitochondrial ROS activates ERK/autopha-
gy pathway as a protected mechanism against deoxypodophyllotoxin-in-
duced apoptosis. Oncotarget, 2017; 8(67): 111581–96

 5. Canbay A, Friedman S, Gores GJ: Apoptosis: The nexus of liver injury and 
fibrosis. Hepatology, 2004; 39(2): 273–78

 6. Zeng L, Li T, C Xu D et al: Death receptor 6 induces apoptosis not through 
type I or Type II pathways, but via a unique mitochondria-dependent path-
way by interacting with bax protein. J Biol Chem, 2012; 287: 29125–33

 7. Jin Z, Eldeiry WS: Overview of cell death signaling pathways. Cancer Biol 
Ther, 2005; 4(2): 139–63

 8. Elmore S: Apoptosis: A review of programmed cell death. Toxicol Pathol, 
2007; 35(4): 495–516

 9. Chen HC, Masayuki K, Akane IY et al: An Interconnected hierarchical mod-
el of cell death regulation by the BCL-2 family. Nat Cell Biol, 2015; 17(10): 
1270–81

 10. Vafaiyan Z, Gharaei R, Asadi J: The correlation between telomerase activity 
and Bax/Bcl-2 ratio in valproic acid-treated MCF-7 breast cancer cell line. 
Iran J Basic Med Sci, 2015; 18(7): 700–4

 11. Salakou S, Kardamakis D, Tsamandas AC et al: Increased Bax/Bcl-2 ratio 
up-regulates caspase-3 and increases apoptosis in the thymus of patients 
with myasthenia gravis. Vivo, 2007; 21(1): 123–32

 12. Porter AG, Jänicke RU: Emerging roles of caspase-3 in apoptosis. Cell Death 
Differ, 1999; 6(2): 99–104

 13. Kischkel FC, Hellbardt S, Behrmann I et al: Cytotoxicity-dependent APO-1 
(Fas/CD95)-associated proteins form a death-inducing signaling complex 
(DISC) with the receptor. EMBO J, 1995; 14(22): 5579–88

 14. Perlman H, Pagliari LJ, Nguyen N et al: The Fas-FasL death receptor and PI3K 
pathways independently regulate monocyte homeostasis. Eur J Immunol, 
2015; 31(8): 2421–30

 15. Wei YS, Li DH, Liu WL, Jiang DM: Altered chondrocyte apoptosis status in 
developmental hip dysplasia in rabbits. Balkan Medi J, 2016; 33(6): 639–44

 16. Brunet A, Datta SR, Greenberg ME: Transcription-dependent and -indepen-
dent control of neuronal survival by the PI3K-Akt signaling pathway. Curr 
Opin Neurobiol, 2001; 11(3): 297–305

 17. Datta SR, Dudek H, Tao X et al: Akt phosphorylation of BAD couples surviv-
al signals to the cell-intrinsic death machinery. Cell, 1997; 91(2): 231–41

 18. Brazil DP, Park J, Hemmings BA: PKB binding proteins: Getting in on the 
Akt. Cell, 2002; 111(3): 293–303

 19. Sedlak TW, Oltvai ZN, Yang E et al: Multiple Bcl-2 family members dem-
onstrate selective dimerizations with Bax. Proc Natl Acad Sci USA, 1995; 
92(17): 7834–38

 20. Osaki M, Kase S, Adachi K et al: Inhibition of the PI3K-Akt signaling path-
way enhances the sensitivity of Fas-mediated apoptosis in human gastric 
carcinoma cell line, MKN-45. J Cancer Res Clin Oncol, 2004; 130(1): 8–14

 21. Zhu L, Derijard B, Chakrabandhu K et al: Synergism of PI3K/Akt inhibition 
and Fas activation on colon cancer cell death. Cancer Lett, 2014; 354(2): 
355–64

 22. Bertram J, Peacock JW, Tan C et al: Inhibition of the phosphatidylinositol 
3’-kinase pathway promotes autocrine Fas-induced death of phosphatase 
and tensin homologue-deficient prostate cancer cells. Cancer Res, 2006; 
66(9): 4781–88

 23. Daleke DL, Lyles JV: Identification and purification of aminophospholipid 
flippases. Biochim Biophys Acta, 2000; 1486(1): 108–27

8381
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Li Q. et al.: 
Over-expression of ATP8A1 alleviates hepatocyte injury
© Med Sci Monit, 2018; 24: 8372-8382

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



 24. Soupene E, Kemaladewi DU, Kuypers FA: ATP8A1 activity and phosphati-
dylserine transbilayer movement. J Receptor Ligand Channel Res, 2008; 1: 
1–10

 25. Chaubey PM, Hofstetter L, Roschitzki B, Stieger B: Proteomic analysis of 
the rat canalicular membrane reveals expression of a complex system of 
P4-ATPases in liver. PLoS One, 2016; 11(6): e0158033

 26. Xie X, Xu X, Sun C, Yu Z: Protective effects of cilostazol on ethanol-induced 
damage in primary cultured hepatocytes. Cell Stress Chaperones, 2017; 
(23):203–11

 27. Hoek JB, Cahill A, Pastorino JG: Alcohol and mitochondria: A dysfunctional 
relationship. Gastroenterology, 2002; 122(7): 2049–63

 28. Zhang J, He Z, Guo J et al: Sulfiredoxin-1 protects against simulated isch-
aemia/reperfusion injury in cardiomyocyte by inhibiting PI3K/AKT-regulated 
mitochondrial apoptotic pathways. Biosci Rep, 2016; 36(2): pii: e00325

 29. Zhong B, Hu Z, Tan J et al: Hsp20 protects against oxygen-glucose depriva-
tion/reperfusion-induced golgi fragmentation and apoptosis through Fas/
FasL pathway. Oxid Med Cell Longev, 2015; 2015(8): 606934

 30. Lee S, Uchida Y, Wang J et al: Transport through recycling endosomes re-
quires EHD1 recruitment by a phosphatidylserine translocase. EMBO J, 
2015; 34(5): 669–88

 31. Huang BX, Akbar M, Kevala K, Kim HY: Phosphatidylserine is a critical mod-
ulator for Akt activation. J Cell Biol, 2011; 192(6): 979–92

 32. Chen H, Wu G, Sun Q et al: Hyperbaric oxygen protects mandibular condy-
lar chondrocytes from interleukin-1b-induced apoptosis via the PI3K/AKT 
signaling pathway. Am J Transl Res, 2016; 8(11): 5108–17

 33. Xu J, Yi Y, Li L et al: Osteopontin induces vascular endothelial growth fac-
tor expression in articular cartilage through PI3K/AKT and ERK1/2 signal-
ing. Mol Med Rep, 2015; 12(3): 4708–12

 34. Cheng L, Zeng G, Liu Z et al: Protein kinase B and extracellular signal-regu-
lated kinase contribute to the chondroprotective effect of morroniside on 
osteoarthritis chondrocytes. J Cell Mol Med, 2015; 19(8): 1877–86

 35. Levano K, Punia V, Raghunath M et al: Atp8a1 deficiency is associated with 
phosphatidylserine externalization in hippocampus and delayed hippocam-
pus-dependent learning. J Neurochem, 2012; 120(2): 302–13

 36. Fadok VA, De CA, Daleke DL et al: Loss of phospholipid asymmetry and 
surface exposure of phosphatidylserine is required for phagocytosis of 
apoptotic cells by macrophages and fibroblasts. J Biol Chem, 2001; 276(2): 
1071–77

 37. Martin SJ, Reutelingsperger CP, Mcgahon AJ et al: Early redistribution of 
plasma membrane phosphatidylserine is a general feature of apoptosis 
regardless of the initiating stimulus: Inhibition by overexpression of Bcl-2 
and Abl. J Exp Med, 1995; 182(5): 1545–56

8382
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Li Q. et al.: 
Over-expression of ATP8A1 alleviates hepatocyte injury

© Med Sci Monit, 2018; 24: 8372-8382
LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


