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Research on Anti-lipogenic Effect and Underlying Mechanism of Laminaria japonica on
Experimental Cellular Model of Non-alcoholic Fatty Liver Disease

So-yeon Kim"’, Jung-nam Kwon", In Lee", Jin-woo Hong", Jun-yong Choi"
Seong-ha Park', Min-jung Kwun', Myung-soo Joo', Chang-woo Han'?

'School of Korean Medicine, Pu-san National University,
zDept. of Internal Medicine, Korean Medicine Hospital, Pu-san National University

ABSTRACT

Objectives : We tried to uncover the anti-lipogenic effect and underlying mechanism of Laminaria japonica on an
experimental cellular model of non-alcoholic fatty liver disease.

Methods : Ethanol extract of Laminaria japonica (LJ) was prepared. Intracellular lipid content of palmitate-treated
HepG2 cells was evaluated with or without LJ treatment. We measured the effects of LJ on liver X receptor a (LXRa) and
sterol regulatory element-binding transcription factor-lc (SREBP-1c) expression, transcription level of lipogenic genes, including
acetyl-CoA carboxylase (ACC), fatty acid synthase (FAS), stearoyl-CoA desaturase-1 (SCD-1), and nuclear factor erythroid
2-related factor 2 (Nrf2) activation in HepG2 cells.

Results : LJ markedly attenuated palmitate-induced intracellular lipid accumulation in HepG2 cells. LJ suppressed LXRa
-dependent SREBP-1c¢ activation, and SREBP-1c mediated induction of ACC, FAS, and SCD-1. Furthermore, LJ activated
Nrf2, which plays an important cytoprotective role in non-alcoholic fatty liver disease.

Conclusions : Our study suggests that LJ has the potential to alleviate hepatic lipid accumulation, and this effect was
mediated by inhibiting the LXRa-SREBP-1c pathway that leads to hepatic steatosis. In addition, the anti-lipogenic potential
may, at least in part, be associated with activation of Nrf2.

Key words : Laminaria japonica, non-alcoholic fatty liver disease, LXRa, SREBP-1c, Nrf2
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3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide(MTT), palmitate, Nile Red, T0901317,
sulforaphane Sigma-Aldrich Co.(St. Louis, MO,
USA)ellM #333153e) SREBP-1 antibody, Nif2 antibody,
Lamin A/C antibody % horseradish peroxidase(HRP)
-conjugated goat anti-rabbit IgGx Santa Cruz
Biotechnology Inc.(Santa Cruz, CA, USA)elA +
dat.

3. M HHSk

HepG2 cell® human hepatocellular carcinoma
cell 71 M Z=2X American Type Culture Collection
(Manassas, VA, USA) 23¥ 3k} 100 U/ml
penicillin, 100 pg/ml streptomycin % 10% heat-
inactivated fetal bovine serum< #7}st Dulbecco’s
modified Eagle's medium(DMEM)S o]-&3}ed, 37 C,
5% COy oA wljk3lodct.

4. MTT assay

MTT assay® =8 AE FAHEE A8}
96-well platell 10" cells/well®] D=2 HepG2 Cell
< seedingdtich. o5 & X oekE FEE 10,
50, 100, 500 pg/mlE F<F3kar 16A17F wl oFsksiet.
7+ wellll MTT 500 pg/mlS Azt 4417 H,
A ZE5o] MTTE #4ste] A formazan crystal
= 3437 98, DMSOE °l43te £33t v+
570 nmell M FH=F A3

5. X|8=(steatosis) F=

HepG2 cellell ¥} (steatosis) = €27]7] ¢3)
palmitate® 23}k 1% bovine serum albumin
£ 353 DMEMS wfjofel 0 2 Al-&3}le], palmitate
0.5 mM Foda}ar 24A17F i eFa}oiet. paraformaldehyde



4%2 AEAA 1587 143 oL, PBSE AlH
312, Nile Red 100 ng/mlE. Ab&oA] 587+ A%
W FA Ak 9A3RdEk Olympus FV-1000 confocal
laser scanning microscope(Tokyo, Japan)E ©] &3}
o] 2933517, Image J 1.48 software® A #3}slsich

6. Western blot analysis

Total cell lysate:= Protease inhibitor Cocktail(Roche,
Indianapolis, IN, USA)ZS %33} radioimmunoprecipitation
assay(RIPA) buffer(50 mM Tris-HCI(pH 8.0), 150
mM NaCl, 2 mM EDTA, 1% sodium orthovanadate,
1% Triton X-100, 0.5% deoxycholate, 0.1% SDS)
2 &3l Nuclear proteine NE-PERTM nuclear
extraction kit(Thermo Scientific, IL, USA)Z &
3153t} Bradford assay® A= sodium dodecyl sulfate
polyacrylamide gel electrophoresis(SDS-PAGE)Z
9358 o5, Polyvinylidene fluoride(PVDF) membrane
o ARtk 5% skim milkE F38F Tris-buffered
saline(TBS) & A2l A 1A17}F blocking3t vh=, 7
Z}9] specific primary antibodyS 2|8} 4 CellA
shat wbE A}, Horseradish peroxidase(HRP)
7} AgrE o] ol 23 Al 9} Aol A 1A17F ubg-
A17] B2, SuperSignal® chemiluminescence detection
kit(Thermo Scientific, IL, USA)Z bandS 723}
Aot

1. semi-quantitative RT-PCR

Lipogenesis &4 F42F 8 Z2A317] ¢35t
semi-quantitative RT-PCR< Al833}%ic}. RNeasy
Mini Kit(Qiagen, Hilden, Germany)® total RNAES
FZ3 5, M-MLV Reverse Transcriptase(Promega,
Madison, W1, USA)E o]-4-3ted 324 total RNA
£ 934l cDNAES 4333k TagPCRx DNA
Polymerase(Invitrogen, Carlsbad, CA, USA)¢} =z
7+e] primer(Bioneer) & AHE-3ted $4d¥ cDNAES
Z2Z3lgg. 225 DNAS 1.2% agarose gelell A
7194532 ethidium bromide22 34 & =94

22 bandE Felsliich

Z47+9] primere Y Zth LXRat 5-ACA
ACTGGGCATGATCGAGA-3 ¥ 5-AAGCCGGG
TAGCTGTTTAGC-3": SREBP-lcx 5-CAGTGG
AGGGAACACAGACG-3 ¥ 5-AAAGACTGGGC
TGTCAGGCT-3": ACCE 5-GGAACAGTGTGC
GGTGAAAC-3 ¥ 5-TCACTAGTGATCCGAGCAGC-3:
FASE 5-GACATCGTCCATTCGTTTGTG-3 ¥
5-GTTGACATTGTACTCGGCGG-3s  SCD-1+
5-GCCCCTCTACTTGGAAGACG-3 ¥ 5-CGA
GCTTTGTAAGAGCGGTG-3: GAPDH®: 5-AA
GGGTCATCATCTCTGCCC-3 ¥ 5-GTGATGG
CATGGACTGTGGT-3 o]

8. A 24

EAlol+= IBM SPSS statistics 21K(SPSS Inc.
Chicago, 1L, USA)E AHE-3ldet. T3] Zel| A 77}
o ZAZE HF+EF LA eSS, Student's
t-test®} One-way analysis of variance(ANOVA) test
2 O%F 7F FA4& vaske, P05 A 5
MO Z o3t zbo|7} gl AR AesiglH
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Fig. 1.

Cell wiability %)
[=2]
[=]

Vehi 10 50
U (ug/ml)

Effect of ethanol extract of Laminaria
japonica (LJ) on cell viability.

Cont 100 500

To measure cytotoxic effect of LJ on HepG2
cells, MTT assay was conducted. The cells were
treated with various concentration of LJ for
24h prior to MTT assay. Data are presented as
the mean = SEM (n=3).
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Fig. 2. Effects of LJ on intracellular lipid accumulation in HepG2 cells.

Palmitate were administered to HepG2 cells for 24 h, with or without LJ during last 16 h. After incubation, the
cells were stained with Nile red. (A) Intracellular lipid droplets were viewed by fluorescencemicroscopy (original
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ng/m)E {2 AT HepG2 cellell T0901317
< A23d LXRa mRNA®] #&e] Z715<]y,
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Fig. 3. Effect of LJ on LXRa mediated SREBP-1c expression in HepG?2 cells.

The effect of LJ on the expression level of LXRa mRNA (A), and SREBP-1c¢ protein and mRNA (B). The
intensity of each PCR band was measured by densitomeric analysis (Imaged), and relative expression of each
gene was calculated over GAPDH. Data are presented as the mean £ SEM (n=3). *FX0.05, compared to

palmitate treated cells.
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Fig. 4. Effect of LJ on expression of lipogenic genes in HepG2 cells.

Expression of lipogenic genes were determined by semi-quantitative RT-PCR (A), and relative mRNA levels of
ACC (B), FAS (C), SCD-1 (D) was represented on each bar graph. Data are presented as the mean + SEM

(n=3). *X0.05, compared to palmitate treated cells.
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Fig. 5. Effect of LJ on Nrf2 activation in HepG2 cells.

LJ was administered to HepG2 cells for 8 or 16h, and sulforaphane was used as a positive control. Nrf2 was
measured by wetern blot analysis. Lamin A/C was measured as an internal control.
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