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Abstract

Recently, the prevalence of hyperlipidemia has been increasing, and consequently, the need to identify safe and effective treatments
to control this chronic disease has also increased. The beneficial effects of probiotics have been revealed by several studies over
the past few years, including their effects on hypertriglyceridemia. However, the mechanisms of action of probiotics are still unclear.
The anti-obesity effects of Lactobacillus plantarum Q180 on lipid accumulation have already been demonstrated using an in vitro
HepG2 cell model, and therefore, we investigated its efficacy and mechanism of action. Lipid accumulation was induced in HepG2
cells by palmitic acid treatment and then the cells were incubated with L. plantarum Q180 lysate or supernatant to investigate changes
in lipid accumulation and expression of lipid metabolism-related genes. The results showed that the L. plantarum Q180-treated group
exhibited significantly lower levels of lipid accumulation and mRNA expression of lipid synthesis- and adipogenesis-related genes
than the palmitic acid-treated group did. These results indicate that L. plantarum Q180 may contribute to alleviating hyper-

triglyceridemia by inhibiting lipid synthesis.
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Introduction

Metabolic syndrome includes obesity, hypertension, diabetes,
and dyslipidemia, which are major risk factors for cardiovascular
disease. In addition, dyslipidemia indicates that the blood lipid
concentration is above normal range with abnormalities of chol-
esterol (total, low-density lipoprotein [LDL], and high-density
lipoprotein [HDL] cholesterol) and triglyceride levels (Franssen
et al. 2011). In the US, approximately 53% of adults have
increased LDL cholesterol concentrations; however, >50% of all
patients received proper care and only 35% were managed at the
normal levels (Karr S 2017). The prevalence of dyslipidemia in
Korea has been increasing gradually in the last few years,
accompanied by increased hypertriglyceridemia, which indicates
abnormally high blood triglyceride concentrations. Especially, the
proportion of men with hypertriglyceridemia is two times that of

women. Accordingly, medical expenses for hypertriglyceridemia

care have been constantly increasing, but 60% of patients have
not received proper therapy (Korean Society of Lipidology and
Atherosclerosis 2018).

Probiotics are live microorganisms that contribute to improving
the host’s gut health and have been sold as supplements for this
purpose, including bowel movement improvement (Ann YG 2011,
Yoon et al. 2018). Bifidobacterium and Lactobacillus species are
widely used as the main ingredients of probiotics. Recently, the
various studies have demonstrated that probiotics might contri-
bute to the amelioration of several symptoms of metabolic syndrome
including hypertriglyceridemia (Yousaf et al. 2016; Ueda et al.
2018; Jang et al. 2019; Wang et al. 2019).A study showed that
administration of a probiotic mixture consisting of Bifidobac-
terium and Lactobacillus species ameliorated hypertriglyceri-
demia and other metabolic syndrome symptoms in a hypertri-
glyceridemia-induced mouse model (Al-Muzafar et al. 2017).
Another study showed that administration of a Lactobacillus

1\Corresponding author: Tae-Sik Park, Professor, Dept. of Life Science, Gachon University, Sungnam 13120, Korea. Tel:
+82-31-750-8824, Fax: +82-32-899-6039, E-mail: tspark@gachon.ac.kr

- 738 -



Vol. 32, No. 6(2019)

plantarum and Lactobacillus curvatus mixture ameliorated the
blood lipid profile and lipoprotein levels in a mouse model (Choi
et al. 2016). Although probiotics have shown a wide range of
efficacies in various studies, their mechanism of action remains
unclear. The anti-obesity activity of L. plantarum Q180 has
already been examined in in vivo studies (Park et al. 2014a; Park
et al. 2014b; Park et al. 2016; Park et al. 2018) and, therefore,
in this study, we investigated its beneficial effects on lipid

accumulation in HepG2 cell and the underlying mechanisms.

Materials and Methods

1. Preparation of L. plantarum Q180

The L. plantarum Q180 used in this study was isolated from
healthy human feces (Park et al. 2014a). Its physiological
characteristics were assessed using the API 50 CHL test and the
identification was confirmed using 16s rRNA sequencing. L.
plantarum Q180 was cultured in Man-Rogosa-Sharpe (MRS)
medium at 37°C for 18 hours. The cell suspensions were then
centrifuged, washed twice with phosphate-buffered saline (PBS),
and the collected cells were suspended in cold PBS and
fragmentized using sonication to prepare the lysate. The lysate
was centrifuged, the debris was discarded, and then the pellet
was resuspended in PBS. The supernatant was extracted from the
bacterial culture medium by centrifugation and the lysate and
supernatant were stored at —20°C until use. In addition, Lacto-
bacillus rhamnosus GG (LGG) lysate and supernatant were

similarly prepared for comparison.

2. Cell line culture

The HepG2 human liver adherent cell line used in this study
was purchased from Korean Cell Line Bank (KCLB, Seoul,
Korea). The cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) containing 10% fetal bovine serum (FBS), and
1% penicillin/streptomycin (all from Gibco, Waltham, MA, USA)
until achieved confluency. Cells were then subcultured at 70%

confluency and maintained at 37°Cin an atmosphere of 5% CO..

3. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay

To assess cell viability, the VybrantTM 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) cell viability assay
kit (Invitrogen, Carlsbad, MA, USA) was used following the

manufacturer’s instruction. Briefly, HepG2 cells were seeded in
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a 96-well plate at a density of 5 x 10* cells per well for 2 days
and then the medium was changed to an FBS and antibiotic-free
medium, followed by incubation overnight. Then, the cells were
incubated with the vehicle, lysates, or supematants for 24 hours,
and then the medium was changed to serum and antibiotic-free
DMEM without phenol red. We used PBS as the vehicle. MTT
solution was added to the cells, followed by incubation in the
dark for 4 hours at 37°C in an atmosphere of 5% CO,. Then,
the cells were treated with sodium dodecyl sulfate (SDS)
dissolved 0.01 N hydrochloride (HCI) for 4 hours and the
absorbance of the resultant suspension in the culture plate was
read at 540nm using Epoch2 Microplate Spectrophotometer
(BioTek, Winooski, VT, USA). The cell viability of the test
sample was calculated as the percentage absorbance relative to

that of the untreated control sample.

4. Lipid accumulation in HepG2 cell

To assess the effect of L. plantarum Q180 on lipid accu-
mulation, we experimentally induced lipid accumulation in HepG2
cells using a previously reported method (Liu et al. 2011; Kwon
et al. 2016) with modifications. Briefly, palmitic acid was
dissolved in 0.1 M sodium hydroxide (NaOH) to a concentration
of 100 mM, which was then slowly mixed with 5% bovine
serum albumin (BSA) in a 60°C water bath. Then, the BSA-
conjugated palmitic acid was filtered, dissolved in serum-free
medium, and added to HepG2 cells seeded in a six-well plate
at a density of 5 x 10° cells per well. After a 2-day incubation,
the cells were serum-starved overnight and then the medium was
changed to serum-free DMEM containing BSA-conjugated palmitic
acid. The lysate and supernatants were incubated with BSA-
conjugated palmitic acid medium. After 1-day incubation, the
medium was changed to serum-free DMEM. To investigate lipid
accumulation, HepG2 cells were analyzed using Oil Red O
staining. To analyze the relative mRNA expression following
lipid accumulation, HepG2 cells were harvested and we
performed RNA extraction and cDNA synthesis. The relative
mRNA expression was determined using real-time quantitative

polymerase chain reaction (qPCR).

5. Oil Red O staining

We assessed lipid accumulation in HepG2 cell using a
commercially available Oil Red O staining kit (Biovision, Milpitas,
CA, USA), following the manufacturer’s instructions. Briefly,

cells were fixed with 10% formalin, washed twice, stained,
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examined using a microscope, and then the lipid accumulated in
the cells was extracted with 100% isopropanol and quantified by

reading the absorbance at 492nm.

6. RNA extraction and real-time gPCR analysis

Total RNA was extracted from HepG2 cells after lipid
accumulation and treatment using a kit (Promega, Madison, WI,
USA) following the manufacturer’s instructions. The extracted
RNA was quantified, and then 2pug was reverse-transcribed using
a cDNA synthesis kit (Bioneer, Dacjeon, Korea). Real-time
gPCR was performed using a 7500 Fast Real-Time PCR system
using TB Green™ Premix Ex Taq™ II (Takara Bio Inc., Shiga,

Japan) followed the manufacturer’s instructions and conditions.

7. Statistical analysis

Statistical analysis was performed using the R program (R
Core Team, R Foundation for Statistical Computing, Vienna,
Austria. URL: http://www.R-project.org). All data from the experi-
ment are expressed as meanststandard error of the mean. Data
were verified for homogeneity of variance and normality before
the statistical analysis, which was performed using a one way-
analysis of variance (ANOVA), followed by Duncan variance
test. All p-values were two-sided and differences were con-
sidered statistically significant at p<0.05.

Results and Discussion

1. Results

As shown in Fig. 1, there was no significant difference in cell
viability 24 hours after treatment with the L. plantarum Q180
lysate or supernatant compared with untreated cells. Treatment
with the supernatant decreased the cell viability more than the
lysate treatment did, although the difference was not statistically
significant. This result implies that treatment with the L.
plantarum Q180 lysate or supernatant was not harmful to the
cells.

The Oil Red O staining to investigate the effects of the L.
plantarum Q180 lysate and supernatant on lipid accumulation
showed that they both significantly decreased lipid accumulation
more than palmitic acid did (Fig. 2). Although the L. plantarum
Q180 supernatant-treated group showed a statistical difference in
lipid accumulation compared to the L. plantarum Q180 lysate-
treated and L. rhamnosus GG (LGG) groups, the accumulation

was significantly lower than that of the palmitic acid- treated
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Fig. 1. Cell viability after treatment Lactobacillus
plantarum Q180 to HepG2 cell. Bar charts show the mean
+SEM. * p<0.05. Significantly different from the values
between groups, using the one-way ANOVA test followed
by Duncan’s multiple range test. LGG-L: Lactobacillus
rhamnosus GG lysate solution treated group; LGG-S:
Lactobacillus rhamnosus GG supernatant treated group;
Q180-L: Lactobacillus plantarum Q180 lysate solution treated
group; Q180-S: Lactobacillus plantarum Q180 supernatants
treated group.

group. The LGG treatment group showed a similar decrease in
lipid accumulation to that of the L. plantarum Q180
lysate-treated group. These results suggest that the lysates and
supernatant of L. plantarum Q180 contributes to reducing lipid
accumulation.

We investigated differences in mRNA expression of genes
related to lipid metabolism induced by L. plantarum Q180
treatment. The relative mRNA expression of the lipid synthesis-
related genes such as acetyl-CoA carboxylase (ACC) and sterol
regulatory element-binding protein-1c (SREBPIc) were significantly
down regulated in the L. plantarum Q180 supernatant-treated
group than those of the palmitic acid-treated group. L. plantarum
Q180 lysate-treated group, but only the ACC mRNA expression
showed a significant difference. In the fatty acid synthase (FA4S)
mRNA analysis, the L. plantarum Q180-treated groups showed
a tendency to decrease more than the other groups but there was
no significant difference among the groups.

In addition, the relative mRNA expression of CCAAT-enhancer-
binding protein-a (C/EBPa), which is an adipogenesis-related
gene, decreased significantly in the L. plantarum Q180-treated
group compared to palmitic acid-treated group. The relative
mRNA expression of peroxisome proliferator-activated receptor-
Y (PPARY) in the L. plantarum Q180-treated group showed a



Vol. 32, No. 6(2019)

Fig. 2. Lipid accumulation after treatment Lactobacillus
plantarum Q180 in HepG2 cells (A) Microscopic observation
determined by Oil Red O staining. (B) Quantitative analysis
of lipid accumulation measured by absorbance of stained
cells. Bar charts show the mean+SEM. "p<0.05. Significantly
different from the values between groups, using the one-
way ANOVA test followed by Duncan’s multiple range test.
PA, palmitic acid treated group; LGG-L, Lactobacillus
rhamnosus GG lysate solution treated group; LGG-S, Lacto-
bacillus rhamnosus GG supernatant treated group; Q180-L,
Lactobacillus plantarum Q180 lysate solution treated group;
Q180-S, Lactobacillus plantarum Q180 supernatants treated

group.

slight decreasing trend, although it was not significantly different
compared to that of the palmitic acid-treated group (Fig. 3B). As
shown in Fig. 3C, analysis of the mRNA expression levels of
the lipid oxidation-related PP4Ra and CPT genes of the L.
plantarum Q180-treated group revealed they were not different
from those of the palmitic acid-treated group. These results
suggest that L. plantarum Q180 contributed to inhibiting lipid

synthesis and adipogenesis.

2. Discussion
In the present in vitro experimental study, we investigated the
effect of L. plantarum Q180 on lipid accumulation and changes

in lipid metabolism-related gene expression. This in vitro study
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showed that L. plantarum Q180 decreased the lipid accumulation
in a palmitic acid-induced model of HepG2 cells. In addition,
an increment in the mRNA expression of lipid oxidation-related
genes and decrease in that of lipid synthesis-related genes was
observed.

The SREBPIc gene is a representative regulatory factor in de
novo lipogenesis (Ferre et al. 2007) and its overexpression was
shown to induce accumulation of fatty acids and lower lipid
oxidation in bovine hepatocytes (Li et al. 2014). Furthermore,
another study showed increased mRNA expression in a high-fat
diet-induced obese mouse model (Ponugoti et al. 2010).
Transcription of SREBPIc regulates both ACC and FAS genes,
which are related to lipogenic metabolism (Sekiya et al. 2008).
In this study, the expression levels of SREBP1c and ACC in the
L. plantarum Q180-treated group were significantly decreased
compared to that in palmitic acid-treated group while FAS
expression showed a decreasing trend, but it was not significant.
In addition, our findings showed decreased expression levels of
PPARy and C/EBPa, which are important activators of lipogenesis
(Madsen et al. 2014). However, the change in mRNA expression
levels of PPARy was not significant, whereas that of C/EBPa
was. Taken together, these results indicated that treatment with
L. plantarum Q180 might control the expression of SREBPIc
and its downstream genes, leading to the inhibition of lipid
synthesis.

The PPARa gene is one of the essential factors for -oxidation,
which stimulates mitochondrial fatty acid oxidation (Chinetti et
al. 2000) and regulates other genes that control fatty acid import
and lipid oxidation pathway such as carnitine palmitoyl transferase
1 (CPTI) (Rakhshandehroo et al. 2010). This signaling pathway
mediates the catabolism of fatty acids and lowers triglyceride
concentrations in circulation. However, L. plantarum Q180 did
not stimulate B-oxidation-related gene expression in this study.
The increased expression of these genes in the palmitic
acid-treated group might have been affected by excess lipid
supplementation to maintain homeostasis (Esposito et al. 2009;
Alves et al. 2017). The expression of CPT1 is influenced by that
of PPARa and, therefore, insufficient, PPARa expression might
also affect CPT1. Therefore, we did not identify clear differences
in B-oxidation-related gene expression levels between the
palmitic acid-treated and L. plantarum Q180 groups.

The mechanisms underlying the action of probiotics in gene
expression modification have not been previously elucidated.

However, research studies have proposed diverse hypothesis to



742 Jaeryang Chu, Hyunchae Joung, Byung-Kook Kim, In-Suk Choi and Tae-Sik Park  SF=4]&J 53]

A) {B)
1.5 1.5+
z )
s s
§ 1.01 § 1.0
wn w
"3 "]
2 e
(=% * o
o >
@ 0,5 s © 0.5
< <<
= =
14 14
E E
0.0- 0.0-
ACC FAS SREBP1c
{€)
1.5
)
o
= P=0.059 [
5 1.0 =
w
8 =]
s
© 0.5 =
z =
[
E
0.0-
PPARG CPT1

Control
PA
LGG
LYS
SUP

PPARY CIEBPy

Control

LGG

SuUP

Fig. 3. Lipid synthesis, adipogenesis and B-oxidation related genes expression in HepG2 cells treated with Lactobacillus
plantarum Q180. (A) ACC, FAS and SREBPI1c gene expression, (B) PPARY and C/EBPagene expression, (C) PPARa and
CPT1 gene expression were measured by real-time quantitative PCR. Bar charts show the mean+SEM. "p<0.05. Significantly
different from the values between groups, using the one-way ANOVA test followed by Duncan’s multiple range test. PA,
palmitic acid treated group; LGG: Lactobacillus rhamnosus GG treated group; LYS, Lactobacillus plantarum Q180 lysate
solution treated group; SUP, Lactobacillus plantarum Q180 supernatants treated group.

explain the mechanisms, including the involvement of metabolites
produced by bacterial fermentation, which have been suggested
as the most likely factors (Plaza-Diaz et al. 2019). We considered
that probiotics may not act directly to improve blood hypertri-
glyceridemia, and so we used lysates and culture media of L.
plantarum Q180 to investigate its probiotic activity. We observed
significant changes in some analyses including lipid accumul-
ation and the relative mRNA analysis, however, we did not
identify the specific metabolite that induced those changes.
Therefore, further, more comprehensive studies are needed to
determine the active ingredients that directly mediate the changes
in gene expression and establish the specific mechanism of

action of L. plantarum Q180.

Conclusion

This study investigated the anti-obesity effects of Lactobacillus

plantarum Q180 on lipid accumulation using an in vitro HepG2

cell model. HepG2 cells were induced lipid accumulation and the
cells were incubated with L. plantarum Q180 lysate or supernatant
to investigate changes in lipid accumulation and expression of
lipid metabolism-related genes. Our results showed that the L.
plantarum Q180-treated group significantly decreased lipid
accumulation and mRNA expression of lipid synthesis- and
adipogenesis-related genes compared to the palmitic acid-treated
group. These results indicate that L. plantarum Q180 may
contribute to ameliorating hypertriglyceridemia by inhibiting
lipid synthesis and adipogenesis.
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