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Introduction

Obesity means a physiological condition in which excessive

body fat has been accumulated and it may increase the risk

of various diseases, such as hyperlipidemia, cardiovascular

disease, type 2 diabetes and coronary heart disease. For this

reason, nowadays, obesity has become a serious worldwide

problem in human health [2, 15]. Numerous reasons,

including genetic predisposition, excessive food intake,

lack of exercise, and lifestyle, have been reported to induce

obesity [15, 21, 35]. Most studies demonstrated that the

storage of lipid in adipocytes by adipogenesis is one of the

main causes of obesity [1, 3, 29, 30]. 

Adipogenesis, which leads to the differentiation of

mesenchymal cells into mature adipocytes, is a highly

controlled cellular program. As a result of adipogenesis,

mature adipocytes are fulfilled with lipid droplets. This

process is composed of a two-step phase; namely, the

determination phase and the terminal differentiation

phase. At the determination phase, the stem cells are

converted to preadipocytes and have lost the ability of

differentiating into other cell types. In the terminal
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Adipogenesis is one of the cellular processes and a highly controlled program. Nowadays,

inhibition of adipogenesis has received attention as an effective way to regulate obesity. In the

current study, we investigated the inhibition effect of a chloroform extract of Pleurotus eryngii

var. ferulae ‘Beesan No. 2’ (CEBT) on adipogenesis in 3T3-L1 murine preadipocytes. Pleurotus

eryngii var. ferulae is one of many varieties of King oyster mushroom and has been reported to

have various biological activities, including antitumor and anti-inflammation effects.

Biological activities of ‘Beesan No. 2’, a new cultivar of Pleurotus eryngii var. ferulae, have not

yet been reported. In this study, we found that CEBT suppressed adipogenesis in 3T3-L1 cells

through inhibition of key adipogenic transcription factors, such as peroxisome proliferator-

activated receptor γ and CCAAT/enhancer binding protein α. Additionally, CEBT reduced the

expression of the IRS/PI3K/Akt signaling pathway and its downstream factors, including

mammalian target of rapamycin and p70S6 kinase, which stimulate adipogenesis.

Furthermore, β-catenin, a suppressor of adipogenesis, was increased in CEBT-treated cells.

These results indicate that Pleurotus eryngii var. ferulae ‘Beesan No. 2’ effectively inhibited

adipogenesis, so this mushroom has potential as an anti-obesity food and drug.
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differentiation phase, preadipocytes differentiate into mature

adipocytes through a series of adipogenic transcriptional

cascades [1, 22]. 

Peroxisome proliferator-activated receptor γ (PPAR γ)

and CCAAT/enhancer binding protein α (C/EBP α) are

known as important transcription factors of terminal

adipocyte differentiation. PPAR γ is a nuclear hormone

receptor that heterodimerizes with retinoid X receptor α

and promotes adipogenic gene expression. C/EBP α is a

transcription factor that possesses a C-terminal basic

region/leucine zipper domain and induces many adipocyte

genes directly. At the early stage of differentiation, C/EBP

β and C/EBP δ are expressed, and then these factors induce

the expression of PPAR γ and C/EBP α. After expression,

PPAR γ and C/EBP α stimulate each other’s expression

through initiating a positive feedback loop and activate a

large number of adipogenic genes [19, 20].

Pleurotus eryngii var. ferulae is a white variety of King

oyster mushroom, which has been reported to have high

edibility value because of its strong favor and good form

compared with other mushrooms. Furthermore, in terms of

medicinal qualities, antitumor activity, dropping of blood

sugar level, and anti-inflammation ability were reported

[11]. Additionally, Pleurotus eryngii var. ferulae contains

more crude proteins, dietary fibers, amino acids, and

vitamin C than other King oyster mushrooms [12].

In this study, we investigated the anti-adipogenesis

effect of ‘Beesan No. 2’, which is a new cultivar of Pleurotus

eryngii var. ferulae. ‘Beesan No. 2’ is characterized by fast

fruit body formation, and the stipe is thick and long. In

addition, it shows high quality yield compared with other

cultivars [28]. We found that the chloroform extract of

‘Beesan No. 2’ (CEBT) inhibited adipogenesis by suppressing

the expression levels of adipogenesis-related factors, such

as PPAR γ and C/EBP α.

Materials and Methods

Sample Preparation

Pleurotus eryngii var. ferulae was provided from the Rural

Development Administration (Korea). The dried powders (80 g)

were extracted three times with 800 ml of chloroform for 4 h. Then,

the extracts were filtered through Advantech No. 5C filter paper

(Toyo Roshi Kaisha, Ltd., Japan) and evaporated off. After

evaporation, the oily residues were obtained (1.68 g) and diluted

in DMSO (Sigma-Aldrich Inc., USA). The final concentration of

DMSO in solution was limited to 0.1% for all experiments.

Cell Culture

3T3-L1 murine preadipocytes were obtained from the American

Type Culture Collection (USA). The cells were grown in Dulbecco’s

modified Eagle’s medium (DMEM) (Cellgro, USA) containing

10% fetal calf serum (Gibco, USA) and 1% penicillin-streptomycin

(Hyclone, USA) at 37oC in a humidified atmosphere of 5% CO2.

The medium was changed every 2 days and the cells were

subcultured every 7 days.

3T3-L1 Preadipocyte Differentiation

In order to induce differentiation of 3T3-L1 cells, the cells were

incubated until confluency and maintained in culture for an

additional 2 days. After 2 days (defined as day 0), the cells were

incubated in DMEM containing 10 μg/ml insulin, 0.5 mM 3-

isobutyl-1-methylxanthine (IBMX), 1 μM dexamethasone (Sigma-

Aldrich Inc.), and 10% fetal bovine serum (FBS) (Cellgro) for

2 days. Two days later (day 2), the medium was exchanged with

DMEM containing 1 μg/ml insulin and 10% FBS. At day 4, the

medium was replaced with DMEM containing 0.25 μg/ml insulin

and 10% FBS. Then at day 6, the medium was changed to DMEM

containing 10% FBS and the cells were incubated for 2 days.

During differentiation, the cells were treated with CEBT to

investigate its anti-adipogenic activity. 

Cell Viability Assay

To examine the effect of CEBT on cell viability, 3T3-L1 cells

were seeded into a 96-well plate (1 × 104 cells/well) and incubated

for 24 h. Then, the cells were treated with various concentrations

of CEBT and further incubated for 24, 48, or 72 h. After treatment,

the medium was changed to a fresh one and 10 μl of WST-1 (Daeil

Lab Service, Korea) solution was added in each wells. After

further incubation for 3 h, cell viability was measured using a

microplate reader (Molecular Devices, USA) at 460 nm.

Oil Red O Staining

To determine the inhibitory effect of CEBT on lipid

accumulation in 3T3-L1 cells, we used Oil Red O staining after

adipocyte differentiation (at day 8). The cells were rinsed with

phosphate-buffered saline (PBS) (Biosesang, Korea) and fixed with

4% formaldehyde (Junsei Chemical Co., Ltd., Japan) for 5 min.

Then, the formaldehyde was removed, followed by washing with

60% isopropanol (Sigma-Aldrich Inc.). After washing, the cells

were re-fixed with 4% formaldehyde for 1 h and stained for

10 min with 3.5 g/l of Oil Red O (Sigma-Aldrich Inc.) dissolved in

60% isopropanol. Thereafter, the cells were washed three times

with distilled water and photographed with a microscope. To

determine the quantitative value of retained dye in cells, the dye

was eluted by adding 100% isopropanol and quantified with a

microplate reader (Molecular Devices) at 540 nm.

Triglyceride Assay

To investigate the intracellular level of triglycerides, we used a

Triglyceride Quantification Kit (BioVison Inc., USA). The experiment

was performed according to the manufacturer’s instructions.

Briefly, cells were incubated with CEBT during adipogenesis.
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After differentiation, the cells were washed with PBS and lysed in

5% NP-40 (Roche Diagnostics Corporation, USA) diluted in water.

Then, several steps were performed by following the kit protocol,

and the triglyceride concentrations were determined at 570 nm

with a microplate reader (Molecular Devices). 

Immunofluorescence (IF) Staining

3T3-L1 cells were cultured on the cover-glass bottom dish, and

then differentiated with or without treatment of CEBT. After

differentiation, the cells were washed with PBS and pre-stained

with 1 μg/ml of DAPI in methanol for 20 min in a 37oC incubator.

Then, the cells were fixed with 4% formaldehyde (Junsei Chemical

Co.) for 10 min at room temperature and blocked with 5% rabbit

and mouse normal serum (Santa Cruz Biotechnology Inc., USA)

with 0.3% Triton X-100 (Sigma-Aldrich Inc.) in PBS for overnight

at 4oC. Blocked cells were rinsed with PBS and treated with

specific primary antibodies, β-actin and PPAR γ, for overnight at

4oC. Subsequently, cells were incubated with 0.2 μl/ml of anti-

rabbit IgG (H+L), F(ab’)2 fragment (Alexa Fluor 488 Conjugate)

and anti-mouse IgG (H+L), F(ab’)2 fragment (Alexa Fluor 555

Conjugate) (Cell Signaling Technology Inc., USA) for 1 h at room

temperature in dark condition. Stained cells were moved on the

slide and photographed using a Carl Zeiss LSM710 confocal laser

scanning microscope (Carl Zeiss, Germany).

Western Blot Analysis

After differentiation, the cells were extracted in the lysis buffer

(Intron Biotechnology, Korea) at 4oC for 30 min. Then, the lysates

were centrifuged at 14,000 rpm for 20 min and the supernatants

were collected, and the Protein Quantification Kit (CBB solution)

(Dojindo Molecular Technologies, USA) was used for measuring

protein concentrations. Equal amounts of proteins were added

into Laemmli sample buffer, boiled for 5 min, and resolved by

electrophoresis in a 12% SDS-polyacrylamide gel. Afterward,

proteins were transferred to a nitrocellulose membrane (PALL Life

Sciences, USA) and incubated with specific primary antibodies

(Cell Signaling Technology Inc.) followed by secondary antibodies

conjugated with horseradish peroxidase (Cell Signaling Technology

Inc.). After incubation, the blots were developed using an enhanced

chemiluminescent detection solution (Pierce, USA). The data were

represented as similar results from three independent experiments.

Reverse Transcription Polymerase Chain Reaction (RT-PCR)

Total RNAs from non-differentiated and fully differentiated

3T3-L1 cells with or without CEBT treatment were extracted using

an RNeasy Plus Mini Kit (Qiagen, Germany) following the

manufacturer’s instructions. Then 2 μg of each total RNA was

reverse transcribed to cDNA using AccuPower RT premix (Bioneer,

Korea) according to the manufacturer’s protocol. After reverse

transcription, equal concentrations of cDNAs were amplified

(94oC for 30 sec, 55oC for 30 sec, and 72oC for 30 sec for 32 cycle)

using Prime Taq Premix (GeNeT Bio, Korea) with specific primers,

such as PPAR γ, C/EBP α, and GAPDH (Table 1). The data were

represented as similar results from three independent experiments.

Statistical Analysis

All experiments were performed at least three times

independently. The quantitative data are presented as the mean ±

standard deviation (SD). Differences between means of each

experimental group were analyzed using one-way analysis of

variance followed by Dunnett’s multiple-comparison test with

Prism 5.0 software (Graph-Pad Software, USA). P values of <0.05

were considered to indicate significance.

Results

Effect of CEBT on Cell Viability in 3T3-L1 Preadipocytes

To test the cytotoxicity of CEBT in 3T3-L1, we determined

cell viability using the WST-1 assay after treatment with

various concentrations (0, 100, 200, 300, or 400 μg/ml) of

CEBT for 24, 48 or 72 h. According to the results, CEBT did

not show any cytotoxic effect up to a concentration of

300 μg/ml, even when the cells were treated with CEBT for

72 h (Fig. 1).

CEBT Inhibits Adipocyte Differentiation in 3T3-L1

Preadipocytes

To investigate whether CEBT has inhibitory effect on

adipogenic differentiation, we used Oil Red O staining

after cells were differentiated with or without different

concentrations (50, 100, 150, or 200 μg/ml) of CEBT. Fig. 2

shows that CEBT inhibited lipid accumulation in 3T3-L1

dose-dependently compared with fully differentiated

adipocytes. As shown in the quantitative results (Figs. 2B

and 2C), retained Oil Red O dye and intracellular

triglyceride values were decreased in a dose-dependent

manner when cells were treated with CEBT. These results

demonstrated that CEBT reduced the accumulation of lipid

in 3T3-L1 during adipogenic differentiation without cell

cytotoxicity.

Table 1. Primer sequences used for RT-PCR.

Genes Forward primers Reverse primers

PPAR γ CAAGAATACCAAAGTGCGATCAA GAGCTGGGTCTTTTCATAATAAG

C/EBP α CTGGAAAGAAGGCCACCTC AAGAGAAGGAAGCGGTCCA

GAPDH TGTTACCAACTGGGACGACA GGGGTGTTGAAGCTCTCAAA
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Effect of CEBT on the Expression of Key Adipogenic

Markers

To examine how CEBT inhibited adipogenesis in 3T3-L1

cells, we first investigated the mRNA and protein expression

of key adipogenic markers. C/EBP α and PPAR γ are well

known as key transcription factors of adipogenesis [20].

Hence, we examined the expression of these factors with

RT-PCR and western blot analysis. As shown in Fig. 3A,

mRNA levels of both C/EBP α and PPAR γ were significantly

decreased by CEBT in a dose-dependent manner. According

to the results, C/EBP α and PPAR γ protein expression

levels were decreased by CEBT, similar to their mRNA

expression. In addition, we observed alteration of PPAR γ

nuclear translocation with immunofluorescence staining.

As seen in Fig. 3B, CEBT inhibited nuclear translocation of

PPAR γ in the treated cells compared with fully differentiated

Fig. 1. Effects of CEBT on cell viability in 3T3-L1 cells. 

The cells were treated with various concentrations of CEBT (100, 200,

300, or 400 μg/ml) for 24, 48, or 72 h and then the cell viability was

measured using the WST-1 assay. The experiments were performed

three times independently and all values are shown as the mean ± SD.

Fig. 2. Effects of CEBT on adipogenic differentiation in 3T3-L1 cells. 

The cells were differentiated with MDI (mixture of IBMX, DEX, and insulin)-containing media for 8 days. During the whole differentiation period,

the cells were incubated with or without various concentrations of CEBT. (A) After differentiation, cells were stained with Oil Red O and

photographed using an inverted-phase contrast microscope at 100x magnification. (B) Retained Oil Red O dye was eluted by isopropanol and

quantified using spectrophotometric analysis. (C) Intracellular triglyceride levels were determined by a Triglyceride Quantification Kit. Each

value is shown as the mean ± SD of three independent experiments. *p < 0.05, **p < 0.01 indicate statistical significance compared with the

differentiated cells without CEBT treatment.
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adipocytes. These results indicated that CEBT inhibited the

expression of pivotal adipogenic transcription factors, C/

EBP α and PPAR γ, at the levels of mRNA and protein.

Effect of CEBT on the Expression of Adipogenesis-Related

Factors

As we demonstrated that CEBT inhibited the expression

of both C/EBP α and PPAR γ, we examined the expression

of adipogenesis-related factors. Using western blot analysis,

we investigated the protein expression levels of fatty acid

synthase (FAS), sterol regulatory element binding protein

(SREBP1), and adiponectin. These factors have critical roles

in adipogenic differentiation, so they were considered as

adipogenesis markers. When we treated CEBT at 100 or

200 μg/ml during adipogenesis, the FAS, SREBP1, and

adiponectin protein expression levels were all significantly

decreased in a dose-dependent way compared with fully

differentiated adipocytes (Fig. 3C). 

Fig. 3. Effects of CEBT on the expression of key adipogenic factors. 

(A) At day 8, mRNA and protein expression levels of C/EBP α and PPAR γ with or without CEBT treatment. The mRNA expression levels were

analyzed using RT-PCR and the protein expression levels were analyzed by western blotting. GAPDH was used as a loading control. (B) Effects of

CEBT on nuclear translocation of PPAR γ. PPAR γ was labeled with anti-PPAR γ primary antibody followed by Alexa Fluor 488 Conjugated

secondary antibody (green), and β-actin was labeled with anti-β-actin primary antibody followed by Alexa Fluor 555 Conjugated secondary

antibody (red). The expression of PPAR γ was photographed with fluorescence microscopy at 400× magnification. Arrows in the CEBT-treatment

group indicate the nuclear translocation of PPAR γ. (C) Protein expression levels of FAS, SREBP1, and adiponectin with or without treatment of

CEBT during differentiation. Proteins were extracted at day 8 and determined using western blotting. GAPDH was used as a loading control.
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Effect of CEBT on the IRS/PI3K/Akt Signaling

To further investigate the mechanism of CEBT in

adipogenesis, we examined the expression of IRS/PI3K/

Akt signaling pathway proteins, which have important

roles in adipogenesis [13]. As expected (Fig. 4A), the protein

expression levels of phospho-insulin receptor substrates 1

(IRS1, Ser 636), phospho-IRS2 (Ser 731), phosphoinositide

3-kinase (PI3K) 110α subunit, PI3K 110β subunit, and

phospho-Akt (Ser 473) were significantly decreased in

CEBT treated cells, whereas CEBT did not show any effect

on the expression of total IRS1, IRS2, and Akt. 

Mammalian target of rapamycin (mTOR) is one of the

downstream factors of Akt and which stimulates

adipogenesis [37]. As shown in Fig. 4B, CEBT down-

regulated the expression of phospho-mTOR (Ser 2481) and

its downstream protein phospho-P70S6K (Ser 371), but did

not show effect on the expression of total mTOR and

P70S6K. It seems that CEBT has effects on the modification

of phosphorylation rather than control of the expression of

proteins.

Effect of CEBT on β-Catenin/GSK3β signaling

β-Catenin is a major anti-adipogenic factor, and thus, we

investigated the expression of β-catenin and its inhibitor,

glycogen synthase kinase 3β (GSK3β) [17]. As seen in Fig. 5,

CEBT increased the expression levels of total β-catenin and

its activated form, phospho-β-catenin (Ser 552). In contrast,

the expression of phospho-β-catenin (Ser 33, 37, Thr 41)

was decreased, because the phosphorylation of these sites

induces ubiquitination and proteasomal degradation of β-

catenin [32]. Furthermore, we investigated the expression

of GSK3β, which down-regulates the activity of β-catenin.

The activity of GSK3β is attenuated by phosphorylation of

its Serine 9 residue [5, 31]. In our results, CEBT increased

the expression of phospho-GSK3β (Ser 9) without any

alteration of total GSK3β expression.

Discussion

Nowadays, investigation of the beneficial effects of

several natural compounds in the adipocyte-related

Fig. 4. Effects of CEBT on the IRS/PI3K/Akt signaling pathway. 

Western blot analysis was applied to investigate the expression of IRS/PI3K/Akt signaling factors. Proteins were extracted at day 8 from the cells

treated with or without CEBT during differentiation. (A) The protein expression levels of IRS1, p-IRS1 (Ser 636), IRS2, p-IRS2 (Ser 731), PI3K 110α,

PI3K 110β, Akt, and p-Akt (Ser 473). (B) The protein expression levels of IRS/PI3K/Akt signaling downstream factors, such as mTOR, p-mTOR

(Ser 2481), P70S6K, and p-P70S6K. GAPDH was used as a loading control.
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bioprocess is a new strategy of anti-obesity research [24]. In

this study, we investigated how CEBT down-regulated

adipogenic differentiation in 3T3-L1 mouse preadipocytes.

The results suggested that CEBT inhibited the IRS/PI3K/

Akt pathway and subsequently decreased the expression of

key adipogenic transcription factors, such as C/EBP α and

PPAR γ. In addition, CEBT increased the activity of β-

catenin, which inhibits adipogenesis in 3T3-L1 adipocytes. 

PPAR γ, a ligand-activated transcription factor, has been

known as a major regulator of adipogenesis. It is expressed

and maintained at a high level during adipogenesis. C/EBP

α, another important transcription factor of adipogenesis,

is also induced at a high level in adipogenesis. PPAR γ and

C/EBP α promote the expression of many adipocyte genes

directly and induce each other’s expression by constructing

a positive feedback loop [1, 19, 20, 25]. To determine the

inhibitory effect of CEBT on the expression of PPAR γ and

C/EBP α, we investigated the mRNA and protein expression

levels of these transcription factors. In our results, CEBT

significantly down-regulated the mRNA and protein

expression levels of PPAR γ as well as C/EBP α in a dose-

dependent manner. In addition, the nuclear translocation

activity of PPAR γ was suppressed by CEBT (Fig. 3). These

results demonstrated that CEBT inhibited the expression of

key adipogenic transcription factors, PPAR γ and C/EBP α.

Additionally, we examined the expression of SREBP1,

which is an important transcription factor to regulate lipid

accumulation in adipocyte via controlling FAS and PPAR γ

expression [6, 27]. FAS synthesizes palmitate from acetyl-

CoA and malonyl-CoA. Then, palmitate serves as a

substrate for long-chain fatty acid [4]. As shown in the Oil

Red O staining and triglyceride assay results (Fig. 2), CEBT

decreased the lipid accumulation on the treated adipocytes

compared with mature adipocytes. Besides that, the

protein levels of SREBP1 and FAS were reduced by CEBT

(Fig. 3C), which indicated that CEBT effectively inhibited

lipid accumulation during adipogenesis on 3T3-L1 cells.

Adiponectin, one of the adipokines, is secreted from fully

differentiated adipocytes and controls lipid and glucose

metabolism [18]. Furthermore, the expression level of this

adipokine correlates with the development of adipocytes,

and therefore it often used as a marker of adipogenesis

[16]. We thus investigated the expression of adiponectin

after treatment of CEBT and the results showed that CEBT

significantly decreased adiponectin expression (Fig. 3C).

 To understand how CEBT inhibited adipogenesis in

3T3-L1 preadipocytes, the IRS/PI3K/Akt pathway was

investigated. This pathway is involved in the insulin

receptor (IR) pathway, which controls important energy

functions such as glucose and lipid metabolism [13, 36].

When the IR is activated by insulin, it phosphorylates its

substrates, such as IRS family proteins. Phosphorylated IRS

serves as PI3K docking sites, and then PI3K is complexed

with IRS and activated [26]. Activated PI3K produces PI(3,

4, 5)-trisphosphate and PI(3, 4)-bisphosphate from PI(4, 5)-

bisphosphate and PI(4)-phosphate [10]. These products

bind to the pleckstrin homology domain of Akt and

activate the Akt [23]. Subsequently, activated Akt regulates

glucose uptake and promotes adipogenesis through

expression of PPAR γ [13, 14, 36]. In this study, we found

that CEBT inhibited the activation of the IRS/PI3K/Akt

signaling pathway (Fig. 4A), which led to prevention of

lipid and glucose metabolism in 3T3-L1 cells. 

mTOR, one of the downstream factors of Akt, has been

reported to be related to adipogenesis and regulates the

expression of PPAR γ [14]. Moreover, mTOR induces the

expression of SREBP1, and then lipogenesis can occur [33,

34]. P70S6K is a downstream factor of mTOR, which also

controls the adipogenic process [9]. As shown in Fig. 4B,

CEBT down-regulated the activation of mTOR and P70S6K,

but did not have any effect on the total expression of mTOR

as well as P70S6K. These results indicated that the activation

of mTOR and P70S6K was reduced by CEBT, because CEBT

Fig. 5. Effects of CEBT on the β-catenin/GSK3β signaling

pathway.

The cells were differentiated with or without treatment of CEBT, and

then the proteins were extracted. In order to investigate the protein

expression of β-catenin, p-β-catenin (Ser 552), p-β-catenin (Ser 33, 37/

Thr 41), GSK3β, and p-GSK3β (Ser 9), western blotting was

performed. GAPDH was used as a loading control.
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inhibited their upstream pathway, such as IRS/PI3K/Akt

signaling. This inhibitory ability of CEBT can reduce

lipogenesis during adipogenic differentiation of 3T3-L1

preadipocytes.

β-Catenin is one of the anti-adipogenic factors and it

blocks the expression of PPAR γ. Therefore, we observed

the expression of β-catenin and its inhibitor, GSK3β [17].

When β-catenin is phosphorylated at its Ser 552 residue,

it is accumulated in the nucleus and increases its

transcriptional activity [7]. However, if β-catenin is

phosphorylated at the Ser 33, Ser 37, and Thr 41 residues by

GSK3β, it will be ubiquitinated and degraded [32]. GSK3β

is inactivated by phosphorylation at Ser 9 [31]. During

adipogenesis, activation of PPAR γ stimulates the adipogenic

process and degradation of β-catenin [8]. The current

results showed that CEBT inhibited the activity of PPAR γ

followed by induction of β-catenin activation, of both total

and phosphorylated at Ser 552 residue forms. In contrast,

inactivated β-catenin was decreased in CEBT-treated cells,

which is related to the expression of inactivated GSK3β

(Fig. 5). These results indicated that CEBT induced the

activity of β-catenin and the inactivation of GSK3β, which

led to inhibition of adipogenesis.

In conclusion, we found that CEBT inhibited adipogenesis

in 3T3-L1 preadipocytes through inhibition of key adipogenic

factors, including PPAR γ, C/EBP α, and IRS/PI3K/Akt

signaling. Moreover, we revealed that CEBT activated the

anti-adipogenic effect of β-catenin (Fig. 6). Therefore, this

study can be used as information of the dietary effect of

‘Beesan No. 2’. In addition, we may investigate the anti-

adipogenic effect of further fractions of CEBT, which will

lead to the development of new anti-obesity drugs.
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