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Lipid storage droplet protein S reduces sodium palmitate-induced
lipotoxicity in human normal liver cells by regulating
lipid metabolism-related factors
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Abstract. Lipid storage droplet protein 5 (LSDPY) is specifi-
cally expressed in tissues with high oxidative metabolism such
as liver and heart. The present study aimed to explored the role
of LSDP5 in sodium palmitate-induced lipotoxicity in LO2
normal human liver cells. LO2 cells were treated with various
concentrations of sodium palmitate (25, 50, 75, 100, 125 and
150 pmol/l) for 12, 24 and 48 h, and cell viability was deter-
mined by Cell Counting Kit-8. Subsequently, LO2 cells were
exposed to 100 gmol/l sodium palmitate for 48 h to induce
lipotoxicity (Model). Lipotoxicity Model LO2 cells were
also transfected with pPCMV5-LSDP5 overexpression vector,
and reactive oxygen species (ROS) production, mitochon-
drial membrane potential (MMP) and apoptotic rates were
measured. The contents of non-esterified fatty acid (NEFA),
malondialdehyde (MDA) and superoxide dismutase (SOD)
were also measured. The expression levels of LSDPS5, and
apoptosis-, mitochondrial-, lipid metabolism-related factors
were detected using reverse transcription-quantitative poly-
merase chain reaction and western blot assays. The results
indicated that sodium palmitate exposure inhibited cell
viability and induced lipotoxicity in LO2 cells. LSDP5 over-
expression decreased ROS and apoptotic rates, and reduced
NEFA and MDA content. LSDPS5 transfection rescued the
loss of MMP and elevated SOD content in lipotoxicity Model
LO2 cells. In addition, LSDP5 upregulated the expression
levels of B-cell lymphoma-2, acetyl-CoA carboxylasel/2 and
fatty acid synthase (Fas), whereas the expression levels of
activated-caspase-3, Bcl-2-associated X protein, cytochrome c,
cytochrome ¢ oxidase subunits IV, carnitine palmitoyltrans-
ferase la and peroxisome proliferator-activated receptors a
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levels were downregulated. LSDP5 may produce a protective
effect on sodium palmitate-induced lipotoxicity in LO2 cells
by regulating lipid metabolism-related factors.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is a clinico-
pathological syndrome that is characterized by fatty deposits
in the liver cells; it is caused by genetic, environmental and
metabolic stress-associated factors (1). In China, the incidence
of NAFLD is increasing, and NAFLD is one of the major
diseases that seriously threatens public health (2); NAFLD is
able to cause hepatocellular carcinoma (3,4). The prevalence
of NAFLD is 17-33% in the Americas and the prevalence
of nonalcoholic steatohepatitis (NASH), a type of NAFLD,
accounts for ~10-20%. Noticeably, the incidence rate of
cirrhosis among patients with NASH, within 10-15 years,
reaches as high as 15-25% (5,6). At present, it is believed that
the core factor leading to NASH is lipotoxicity (7).

A number of studies have demonstrated that free fatty
acid (FFA) produce a toxic effect, which contributed to liver
cell dysfunction and apoptosis (8-10). When the level of FFA
exceeds the oxidative and metabolic capacity of the liver, lipids
accumulate in the liver and inflammatory factors are released,
subsequently initiating apoptotic signals, increasing the sensi-
tivity of hepatocytes to inflammatory reactions and various
injury factors. This damage will ultimately lead to hepatocel-
lular dysfunction or death that is called lipotoxicity (11,12). In
liver cells, excessive amounts of fatty acids are mainly stored
in lipid droplets (LD) (13); therefore, the abnormal metabolism
of LD is closely related to lipotoxicity.

LD are a major storage site for neutral lipids in cells, and
are widely found in bacteria, fungi, plants and animals (14,15).
LD is considered a simple structure of energy storage;
however, it has been reported that LD serves a role in diseases,
including obesity and fatty liver (16). Structurally, LD is
composed of neutral lipid and phospholipid, which contains
many LD-related proteins embedded in the phospholipid
monolayer; according to previous studies, these proteins
serve a vital role in maintaining the stability and metabolic
processes of LD (17,18). Lipid storage droplet protein 5
(LSDP5; also known as myocardial lipid droplet protein or
oxidative tissue-enriched PAT protein) is mainly distributed
in tissues with high oxidative metabolism, such as liver, heart
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and skeletal muscle (19-21). In addition, LSDP5 is a member
in PAT family of lipid droplet proteins (19). A number of
previous studies have reported PAT family proteins serve a
regulatory role in lipid droplet metabolism and in maintaining
lipid balance in cells (22,23). However, the specific function
and mechanism of LSDP5 in hepatocellular lipid metabolism
is still not fully understood.

In the present study, it was hypothesized that LSDP5 may
produce a protective effect on the liver cells with lipotoxicity
by regulating lipid metabolism. An in vitro model of lipotox-
icity was established by treating LO2 normal human liver cells
with sodium palmitate. The effects of LSDP5 on lipid metabo-
lism, oxidative stress, apoptosis and mitochondrial function in
sodium palmitate-induced LO2 cells were examined.

Materials and methods

Cell culture. LO2 normal human liver cells were purchased
from Procell Life Technology Co., Ltd. (Wuhan, China).
Cells were cultured in Dulbecco's modified Eagle's medium
(DMEM; Huayueyang Biology, Beijing, China) that contained
10% foetal bovine serum (HyClone; GE Healthcare Life
Sciences, Logan, UT, USA) and 100 U/ml streptomycin and
100 pg/ml penicillin (Beijing Solarbio Science & Technology
Co., Ltd., Beijing, China) in a Forma CO, incubators (Thermo
Fisher Scientific, Inc., Waltham, MA, USA) with 5% CO,
at 37°C.

Preparation of sodium palmitate solution. Solid sodium palmi-
tate was purchased from Heowns Biochemical Technology
Co., Ltd. (Tianjin, China). The sodium palmitate was dissolved
in BSA solution, which was subsequently diluted in DMEM,;
the final concentrations of sodium palmitate were 25, 50, 75,
100, 125 and 150 pmol/I.

Cell transfection and treatment. The pCMV5-LSDP5 and
pCMV5-NC plasmids were obtained from Genewiz Inc.
(Suzhou, China). LO2 cells (1x10° ml) were transfected
with 2 ug of pCMV5-LSDP5 or pCMV5-NC plasmid using
Lipofectamine® 2000 transfection reagent (Thermo Fisher
Scientific, Inc.). The experiments comprised four groups:
i) Control group, which was treated with 0.1% PBS; ii) Model
group, which was treated with 100 gmol/l sodium palmitate;
iii) Model + negative control (M + NC) group, which was
treated with 100 gmol/l sodium palmitate transfected with
pCMV5-NC plasmid and ; and iv) Model + LSDP5 group
(M + LSDP5), which was transfected with pCMV5-LSDP5
plasmid and treated with 100 xmol/l sodium palmitate at 37°C
for 24 h.

Cell Counting Kit-8 (CCK-8) viability assay. CCK-8 (Beijing
Saichi Biological Technology Co., Ltd., Beijing, China) was
used to detect cell viability, following the manufacturer's
protocol. Briefly, cells (3.5x10° cells/well) were cultured
in 96-well plates in a humidified incubator with 5% CO,
at 37°C. Following a protocol from a previous study (24),
cells were treated with sodium palmitate at 25, 50, 75, 100,
125 or 150 ymol/l and incubated for 12, 24 or 48 h. Following
incubation, CCK-8 reagent was added into each well and the
cells were incubated in humidified environment with 5% CO,
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at 37°C for 2 h. Absorbance was measured at 450 nm using a
SpectraMax iD3 microplate reader (Molecular Devices, LLC,
Sunnyvale, CA, USA).

Non-esterified fatty acid (NEFA) assay. The content of
NEFA was measured using a NEFA Detection kit (Wako
Pure Chemical Industries, Ltd., Osaka, Japan), following the
manufacturer's protocol. Briefly, cells were treated with drugs
and grouped as aforementioned. Following treatments, 22 yM
[9,10-*H]oleate was added to cells for 4 h. Cells were subse-
quently washed two times with PBS and cultured in DMEM
for 4 h. The cells were digested with 0.25% EDTA-trypsin
(Beijing Solarbio Science & Technology Co., Ltd.), resus-
pended in DMEM and centrifuged with 1,000 x g for 10 min.
The supernatant was transferred into a clean centrifuge
tube. Lipid was extracted from supernatant using N-hexane:
Isopropanol solution (3:2) and a thin layer chromatography
silica gel plate (25). The silica gel of containing NEFA frac-
tion was scraped from the silica gel plate and dissolved in
N-hexane: Isopropanol solution (3:2). Scintillation solution
was added and the *H-labeled NEFA protein content in the
cells was measured using a L6500 liquid scintillation counter
(Beckman Coulter, Inc., Brea, CA, USA). NEFA protein
concentration was detected using a Bradford protein assay kit
(Beyotime Institute of Biotechnology, Haimen, China).

Cell apoptosis assay. An Annexin V-fluorescein isothio-
cyanate (FITC)/propidium iodide (PI) Apoptosis Detection
kit (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was
used to determine the rates of cell apoptosis, following the
manufacturer's protocol. Briefly, cells (5x10* cells/well) were
cultured overnight in 6-well plates in a humidified incubator
with 5% CO, at 37°C. Cells were treated with drugs and
grouped as aforementioned. The cells were washed two times
with cold PBS, centrifuged at 300 x g at 4°C for 5 min and
resuspended in 1X Binding Buffer. Subsequently, the cells
were stained with Annexin V-FITC/PI staining solution in
the dark at room temperature for 10-15 min. Apoptotic cells
were detected using an A28999 flow cytometer (Thermo
Fisher Scientific, Inc.) and analyzed with BD CellQuest™ Pro
Software version 1.2; BD Biosciences, San Jose, CA, USA).

Reactive oxygen species (ROS) assay. ROS activity was
determined with a ROS assay kit (Beyotime Institute of
Biotechnology), following the manufacturer's protocol. Briefly,
cells were treated with drugs and grouped, as aforementioned.
Subsequently, the cells were incubated with 2',7'-dichlorofluo-
rescein diacetate at 37°C for 25 min. The cells were washed
three times with PBS, and ROS was detected using a flow
cytometer and analyzed by Summit Software V4.3 (Dako;
Agilent Technologies, Inc., Santa Clara, CA, USA).

Mitochondrial membrane potential (MMP) assay. MMP was
measured using aJC-1 kit (Beyotime Institute of Biotechnology),
following the manufacturer's protocol. Briefly, cells were
treated with drugs and grouped, as aforementioned. Following
treatments, cells were digested with 0.25% EDTA-trypsin,
re-suspended in DMEM and stained with JC-1 solution at 37°C
for 20 min. Subsequently, cells were centrifuged at 600 x g at
4°C for 3 min. The supernatant was discarded and cells were
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washed two times with PBS. MMP was detected by a flow
cytometer with analysis software version 1.2 (BD CellQuest™
Pro Software; BD Biosciences).

ELISA. Levels of oxidative stress-related factors were respec-
tively measured using an MDA Elisa kit (cat. no. E-EL-0060c,
Elabscience, Wuhan, China) and an SOD ELISA kit
(cat. no. S0109; Beyotime Institute of Biotechnology),
following the protocols of the manufacturer. Briefly, cells were
treated with drugs and grouped, as aforementioned. Following
treatments, cells were digested with 0.25% EDTA-trypsin,
centrifuged at 800 x g for 6 min. The cells (1x10° ml) were
re-suspended in DMEM and added to wells at 37°C for 24 h.
A total of 100 pl biotinylated antibody (included in kits) was
added and the cells were incubated at 37°C for 30 min. Cells
were washed three times with PBS, followed by the addition of
the termination solution into wells. Absorbance was measured
at 450 nm using a microplate reader (Skanlt software V3.1,
Thermo Fisher Scientific, Inc.).

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). Cells were treated with drugs and grouped,
as aforementioned. Total RNA was extracted using TRIzol®
Reagent (Takara Biotechnology Co., Ltd., Dalian, China).
RNA (1 ug) was used to synthesize cDNA using an RT Master
Mix kit (Takara Biotechnology Co., Ltd.) and the following
parameters: 85°C for 15 min, followed by 4°C for 10 min.
SYBR Premix Taq 11 kit (Takara Biotechnology Co., Ltd.) was
used for amplifying cDNA, and the 50 pl reactions were set
up as follows: 25 ul SYBR-Green Mix, 1 ul forward/reverse
primers (Table I), 19 ul ddH,O and 4 ul cDNA. PCR ther-
mocycling conditions were: 85°C for 15 min; followed by
30 cycles at 85°C for 20 sec and 65°C for 45 sec; and 85°C for
20 sec, at 37°C for 2 min. f-actin was used as a loading control
for the normalization of expression. The formula 2°44¢ was
used to calculate relative mRNA expression levels (26).

Western blot assay. Cells were treatment as aforemen-
tioned and subsequently washed twice with PBS, lysed in
Radioimmunoprecipitation Assay Buffer (high) (Beijing
Solarbio Science & Technology Co., Ltd.) to obtain protein
extracts. Protein concentrations were detected by a Bradford
protein assay kit. Proteins (20 pg/lane) were separated by
10% SDS-PAGE. Proteins were transferred to polyvinylidene
fluoride membranes (Hangzhou Renomem Technology Co.,
Ltd., Hangzhou, China). Subsequently, the membranes were
blocked in 5% non-fat milk for 2 h at room temperature. The
membranes were incubated with primary antibodies against
LSDP5 (1:1,000; cat. no. ab222811; Abcam, Cambridge, UK),
active-caspase-3 (1:2,000; cat. no. AF-605-NA; R&D Systems,
Inc.,Minneapolis, MN,USA), B-cell lymphoma-2 (Bcl-2; 1:800;
cat.no. AF810; R&D Systems, Inc.), Bcl-2-associated X protein
(Bax; 1:1,000; cat. no. AF820; R&D Systems, Inc.,), cyto-
chrome ¢ (Cytc; 1:1,000; cat. no. MAB897; R&D Systems, Inc.),
Cytc oxidase subunits I'V (Cox IV; 1:1,200; cat. no. MAB6980;
R&D Systems, Inc.), carnitine palmitoyltransferase la (CPTla;
1:1,200; cat. no. ab83862; Abcam), acetyl-co A carboxylasel
(ACC1; 1:1,000; cat. no. 4190; Cell Signaling Technology,
Inc., Danvers, MA, USA), ACC2 (1:1,000; cat. no. 8578; Cell
Signaling Technology, Inc.), anti-Fas (1:1,000, cat. no. 3180; Cell
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Table I. Sequences of forward and reverse primers used for
reverse transcription-quantitative polymerase chain reaction.

Gene Primer sequence (5'-3")

LSDP5 F: GTGATCAGACAGCTCAGGACCCT
R: CGATTCACCACATTCTGCTG
Active-caspase-3 F: TGCCCAAGTGACTGACATCA
R: CATCCCCATTGACTGTGCAG

Bax F: GACCCGGTGCCTCAGGATGC

R: AGGTCAGCTCATCATGCTTG
Bcl-2 F: GTGGAGGAGCTCTTCAGGGA

R: GTCTGTGTCCACGGCGGCAA
Cytc F: CCAAATCTCCACGGTCTGTTC

R: ATCAGGGTATCCTCTCCCCAG
Cox IV F: CGGCGTGACTACCCCTTG

R: TGAGGGATGGGGCCATACA
CPTla F: TGTCCAAGTATCTGGCAGTCG

R: CATAGCCGTCATCAGCAACC
ACC1 F: TTTGTTTGGTCGTGACTG

R: CCCAGCACTCACATAACC
ACC2 F: GACGCCCGAGGATCTGAAG

R: GGGACAGGGACGTACTGATC
Fas F: ATGACAGGAGATGGAAGG

R: CTGACTTCCACCAGCAGC
PPARa F: CGGCGTGACTACCCCTTG

R: TGAGGGATGGGGCCATACA
B-actin F: GACTCCTATGTGGGTGACGA

R: ACGGTTGGCCTTAGGGTTCA

ACC, acetyl-co A carboxylase; Bax, Bcl-2-associated X protein;
Bcl-2, B-cell lymphoma-2; Cox IV, cytochrome c oxidase subunits I'V;
CPTla, carnitine palmitoyltransferase la; Cytc, cytochrome c;
F, forward; Fas, fatty acid synthase; LSDPS5, lipid storage droplet
protein 5; PPARa, peroxisome proliferator-activated receptors a;
R, reverse.

Signaling Technology, Inc.), peroxisome proliferator-activated
receptors o (PPARa; 1:100; cat. no. PP-H0723-00) and B-actin
(1:2,000; cat. no. MAB8969) on the rocking table at 4°C over-
night. Subsequently, the membranes were washed 2-3 times
with PBS and 0.05% Tween-20 for 6 min, followed by incu-
bation with the following horseradish peroxidase-conjugated
secondary antibodies at 37°C for 60 min: Mouse anti-goat
immunoglobulin G (1:7,000; cat. no. 31107; Invitrogen;
Thermo Fisher Scientific, Inc.), anti-Mouse IgG Secondary
Antibody (1:1,000; cat. no. HAF007; R&D Systems, Inc.) and
mouse anti-rabbit (1:7,000; cat. no. 31213; Invitrogen; Thermo
Fisher Scientific, Inc.). The membranes were washed 2-3 times
with PBST, and the proteins were visualized using Enhanced
Chemiluminescent Detection Reagent (Taixin Biotechnology,
Beijing, China). B-actin was treated as a loading control for
normalization. The blot density was analyzed by Quantity One
software version 4.6.2 (Bio-Rad Laboratories, Inc., Hercules,
CA, USA).
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Figure 1. Sodium palmitate represses the viability of LO2 cells. (A) CCK-8 assay was performed to determine the effects of various concentrations of sodium
palmitate (25, 50, 75, 100, 125 and 150 gmol/l) on LO2 human liver cells treated for 12, 24 and 48 h. "P<0.05 and ""P<0.01 vs. Control. (B) CCK-8 assay
was used to measure the effect of LSDP5 on cell viability in LO2 cells treated with 100 #mol/l sodium palmitate for 48 h (Model). "P<0.05 vs. Control;
"P<0.05 vs. Model. LSDP5, lipid storage droplet protein 5; M, model; NC, negative control.

Statistical analysis. Data were analysed by SPSS 13.0 software
(SPSS, Inc., Chicago, IL, USA); results were expressed as the
mean + standard deviation. The differences between groups
were analysed using one-way analysis of variance followed
by a Dunnett's post-test. Each experiment was independently
repeated in triplicate. P<0.05 was considered to indicate a
statistically significant difference.

Results

LSDPS5 increases the viability of sodium palmitate-treated
LO2. CCK-8 analysis was performed to examine cell viability
to assess the lipotoxic effects of sodium palmitate on LO2
cells. The data revealed that viability remained relatively
stable when LO2 cells were treated with sodium palmitate at
low doses (25 and 50 ymol/l) for a short period of treatment
(12 and 24 h; Fig. 1A). Viability was significantly inhibited in
cells treated with 125 and 150 gmol/l of sodium palmitate for
48 h, compared with untreated control cells at the same time
(P<0.01; Fig. 1A). Treatment with 100 gmol/l sodium palmi-
tate for 48 h also significantly inhibited viability, compared
with the respected Control cells (P<0.05; Fig. 1A), and this
concentration and incubation time was used in subsequent
experiments as the lipotoxicity Model.

Model cells were transfected with LSDP5 overexpression
vectors, which resulted in a significant increase in viability
compared with untransfected Model cells (P<0.05; Fig. 1B).
RT-gPCR and western blot assays were conducted to examine
the LSDP5 mRNA and protein expressions levels, respec-
tively, in LO2 Model cells transfected with pCMV5-LSDP5
plasmid (Fig. 2). The expression levels of LSDP5 mRNA and
protein were significantly increased in cells transfected with
pCMV5-LSDP5 (both P<0.05; Fig. 2A and B, respectively),
which indicated successful transfection of the LSDPS over-
expression vector in LO2 cells. Notably, the expression levels
of LSDP5 were slightly reduced in untransfected Model cells,
compared with Control cells (Fig. 2).

LSDPS5 suppresses the activity of oxidative stress in LO2 lipo-
toxicity Model cells. Compared with Control cells, Model cells
exhibited a significantly increased rate of ROS production

(P<0.001; Fig. 3A). Although the contents of NEFA and MDA
were increased (P<0.001; Fig. 3B and C, respectively), SOD
content was decreased (P<0.001; Fig. 3D) in Model cells
compared with Control. Conversely, LSDP5 overexpression
suppressed the oxidative stress of LO2 Model cells; it was also
demonstrated that LSDP5 reduced the ROS level and NEFA
and MDA content, and increased SOD, compared with the
untransfected Model group (P<0.05; Fig. 3).

LSDPS5 reduces apoptotic rates of LO2 Model cells. The
results demonstrated that the rate of apoptosis was signifi-
cantly increased (P<0.001; Fig. 4A), and the expression levels
of active-caspase-3 and Bax were also significantly increased
in Model cells compared with Control, whereas Bcl-2 expres-
sion levels were reduced compared with Control (P<0.05 or
P<0.01; Fig. 4B-D). In LSDP5-transfected Model cells, apop-
totic rates were significantly decreased, expression levels of
activated-caspase-3 and Bax were reduced, and Bcl-2 expres-
sion levels were increased compared with the Model group
(P<0.05 or P<0.01; Fig. 4).

LSDP5 reduces mitochondrial damage in Model cells. To
examine mitochondrial activity, the rate of MMP and the
expression levels of Cytc, Cox IV and CPT1A. The data indi-
cated that sodium palmitate reduced the MMP rate of LO2
cells and increased the expression levels of Cytc, Cox IV and
CPT1A, compared with Control. However, LSDP5 overexpres-
sion increased the rate of MMP and reduced Cytc, Cox IV and
CPTI1A expression levels compared with the untransfected
Model group (P<0.05; Fig. 5).

LSDP5 regulates lipid metabolism-related factors in LO2
Model cells. RT-qPCR and western blotting assays were
performed to determine the mRNA and protein expression
levels, respectively, of lipid metabolism-related factors. The
data indicated that the expression levels of ACC1, ACC2 and
Fas were significantly decreased, whereas PPARa expression
levels were increased following sodium palmitate treatment,
compared with Control cells (P<0.05 or P<0.01; Fig. 6).
However, LSDP5 overexpression upregulated the expression
levels of ACC1, ACC2 and Fas, and downregulated PPARa
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Figure 2. LSDPS5 expression in LO2 cells. (A and B) Experiments were divided into Control group (0.1% PBS treatment), Model group (100 zmol/l sodium
palmitate treatment), NC group (Model cells transfected with pCMV5-NC plasmid) and LSDP5 group (Model cells transfected with pCMV5-LSDPS5 over-
expression plasmid), and the (A) mRNA and (B) protein expression levels were determined reverse transcription-quantitative polymerase chain reaction and
western blotting, respectively; B-actin served as an internal control and for normalization. "P<0.05 vs. Model. LSDP5, lipid storage droplet protein 5; M, model,
NC, negative control.
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Figure 3. LSDPS5 suppresses the activity of oxidative stress in LO2 lipotoxicity Model cells. (A) The rate of ROS production was measured using an ROS
detection kit. (B) NEFA content was detected by NEFA detection kit. (C and D) The contents of (C) MDA and (D) SOD were analysed by ELISA. "P<0.05,
“P<0.01 and "*P<0.001 vs. Control; "P<0.05 and “'P<0.01 vs. Model. LSDP5, lipid storage droplet protein 5; M, model; MDA, malondialdehyde; NC, negative
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Figure 4. LSDP5 reduces apoptosis in LO2 lipotoxicity Model cells. (A) Apoptosis was detected by Annexin V-FITC/PI apoptosis detection kit. (B) mRNA
expression levels of Bax and Bcl-2 were measured by reverse transcription-quantitative polymerase chain reaction. (C and D) Protein expression levels
of active-caspase-3, Bax and Bcl-2 were measured by western blot assay; 3-actin was used as a loading control and for normalization. "P<0.05, “P<0.01
and ""P<0.001 vs. Control; "P<0.05 and “'P<0.01 vs. Model. Bax, Bcl-2-associated X protein; Bcl-2, B-cell lymphoma-2; FITC, fluorescein isothiocyanate;
LSDPS, lipid storage droplet protein 5; M, model; NC, negative control; PI, propidium iodide.
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Figure 6. LSDPS5 regulates lipid metabolism-related factors in LO2 lipotoxicity Model cells. (A and B) ACC1, ACC2, Fas and PPARa (A) mRNA and
(B) protein expression levels were assessed by reverse transcription-quantitative polymerase chain reaction and western blot analysis, respectively; f-actin

served as an internal control and for normalization. “P<0.05 and “P<0.01 vs. Control; "P<0.05 and ""P<0.01 vs. Model. ACC, acetyl-co A carboxylasel; Fas,

fatty acid synthase; LSDPS, lipid storage droplet protein 5; M, model; NC, negative control.

expression levels, compared with the untransfected Model
group (P<0.05 or P<0.01; Fig. 6).

Discussion

In the clinic, increased FFA levels in patients with NASH
have been associated with the severity of the disease (27).
Previous studies have demonstrated that sodium palmitate
inhibited the viability of cells and induced lipotoxicity, which
led to lipoapoptosis in liver cells (24,28). In addition, oxidative
stress produced by NEFA oxidation was reported to be the
main mechanism of liver lipotoxicity (29,30). Mitochondrial
damage is able to mediate apoptosis, which serves important
roles in the pathogenesis of NASH (31). Based on these find-
ings, the present study used sodium palmitate-treated LO2
cells to establish the lipotoxicity model. In this study, sodium
palmitate was demonstrated to increase the NEFA content,
and it contributed to the accumulation of oxidative stress and
apoptosis, as well as mitochondrial damage in LO2 cells.

LSDP5 is a member of PAT family, which are specifi-
cally expressed in tissues with high oxidative metabolism. A
previous report indicated that the overexpression of LSDP5
increased lipid accumulation, while that siRNA-LSDP5
promoted fatty acid oxidation in liver cells (32). Though
LSDPS5 deletion significantly reduces LD content, it increases
ROS content in cardiomyocytes (33). Therefore, LSDP5 may
produce a certain effect on fatty acid-induced lipotoxicity.
LSDPS5 was observed to be overexpressed in transfected with
pCMVS5-LSDPS5 and treated with sodium palmitate LO2 cells;
LSDP5 overexpression decreased NEFA content in Model
LO2 cells. It was suggested that overexpression of LSDP5 may
inhibit lipolysis and the accompanied liver injury. A previous
study reported that the knockdown of LSDP5 may stimulate
lipolysis and increase the level of fatty-acid B oxidation (32),
which may be a primary cause of liver injury (7). These data
suggested that knockdown of LSDP5 accelerated the lipolysis
and induced liver injury, which was consistent with the present
study results. However, although these previous studies
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reported that LSDP5 promoted lipid accumulation, the present
study considered that it was relative to the lipolysis by LSDP5
knockdown. Taken together, the present study results indicated
that LSDP5 reduced the effect of lipotoxicity by regulating
lipid metabolism-related factors.

A previous study reported that ROS may attack unsaturated
fatty acids in a biofilm and enable lipid peroxidation to form
end products such as MDA (34), an important index of cellular
oxidative damage. SOD is also an antioxidant substance (35).
The present study results demonstrated that LSDP5 reduced
ROS and MDA content, and increased SOD content, which
indicated that LSDPS may suppress oxidative stress in sodium
palmitate-treated LO2 cells.

Hepatocellular apoptosis was also reported to serve a vital
role in the development of NASH (36,37). It is known that
apoptosis may cause the change of the apoptotic protein. Bcl-2
is an indispensable anti-apoptotic gene, and Bax belongs to the
Bcl-2 gene family promoting apoptosis (38). Active-caspase-3
also contributes to and can stimulate apoptosis (39). The present
data indicated that LSDP5 overexpression inhibited apoptosis
in lipotoxicity Model cells, and upregulated Bcl-2 expression
and downregulated the levels of activated-caspase-3 and Bax.
In addition, LSDP5 increased the rate of MMP and increased
the expression levels of CPT1a; however, the expression levels
of Cytc and Cox I'V were reduced. These results suggested that
LSDP5 may reduce apoptotic rates and mitochondrial damage
in lipotoxicity Model LO2 cells. The results were in support
of a literature that the number of mitochondria increased in
LSDP5-deficient cells (32).

A previous study reported that exogenous LSDPS5 increased
the content of lipid in oleic acid-induced COS7 and OP9 liver
cells (40). Another study suggested that LSDP5 may function
to regulate the interaction between lipase and LD, and such a
function is similar to perilipin, which regulated the lipolytic
activity of adipocyte triglyceride lipase (41).In addition, PPARa
is a key regulator of lipid oxidation; LSDP5 is downstream
of PPARa and the upregulation of PPARa may significantly
increase LSDP5 expression in hepatocytes (18). ACC1, ACC2
and Fas are related to fatty acid synthesis (42). Results from
the present study demonstrated that the overexpression of
LSDP5 in LO2 Model cells upregulated the expression levels
of ACC1, ACC2 and Fas, and downregulated PPARa expres-
sion levels; these data are consistent with a previous study,
which reported that the PPARa activity was increased by
small interfering (si) RNA-mediated LSDP5 knockdown (32).
In addition, the expression levels of ACC1 and Fas were not
altered by si-LSDPS5 in that study. Considering these findings,
it was hypothesized that the downregulation of ACC1 and Fas
may be a stress response when the cells were stimulated with
high concentration of sodium palmitate; in this condition, the
fatty acid synthesis may be inhibited.

However, the present study data were acquired using only
one cell line in vitro, which was a limitation. Thus, to inves-
tigate the role of LADPS in other cell lines or in vivo may
further confirm the results from this study.

To conclude, sodium palmitate induced lipotoxicity in
LO2 cells. However, overexpression of LSDP5 in lipotoxicity
Model LO2 cells reduced the activity of oxidative stress and
mitochondrial damage, and inhibited apoptosis by regulating
lipid metabolism-related factors. These results demonstrated
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that LSDP5 may produce a protective effect on sodium palmi-
tate-induced lipotoxicity in LO2 cells. However, the specific
signalling pathway(s) of LSDP5 regulation of lipid metabo-
lism remains to be further examined. This study provided a
molecular basis for understanding lipotoxicity in liver, as well
as a indicated a possible candidate target for treating liver
lipotoxicity.
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