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Abstract Water-soluble fraction (WSF) from edible mushroom hinmogi (Tremella fuciformis) were obtained by water
extraction, and polysaccharides in the WSF were separated by ethanol precipitation. The inhibitory effects of the
polysaccharides on 3T3-L1 adipocyte differentiation were evaluated by the reduction of peroxisome proliferators-activated
receptor y (PPARY) translation, triglyceride accumulation, Oif Red-O staining, and expression levels of PPARy, CCAAT/
enhancer binding protein o (C/EBPa), and leptin. The PPARy translation in 3T3-L1 cells was inhibited by the treatment with
polysaccharide precipitated by 80% cthanol (P80) which showed highest inhibitory activity among polysaccharides tested. In
addition, treatment of P80 to 3T3-L1 cells significantly inhibited the triglyceride accumulation, Oil Red-O staining, and
mRNA expression of PPARy, C/EBPq, and leptin in a dose-dependent manner. Based upon these results, P80 from edible
mushroom hinmogi shows the inhibitory activity on the differentiation of 3T3-L1 adipocytes. Therefore, it might be employed

as a potential anti-obesity material.
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Introduction

The 3T3-L1 adipocytes can be maintained in a stable cell
monolayer, which maintains cell viability and hormonal
responsiveness for several days. In addition, 3T3-L1 cells
allow the investigation of the stimuli and mechanism
regulating differentiation of preadipocytes to adipocytes
(1). Preadipocytes isolated from adipose tissues and cloned
cells exhibit similar characteristics with fibroblasts in the
stage of the preadipocytes. As differentiation proceeds, the
expression of genes for lipids and proteins, and the
accumulation of fat droplets are observed as characteristics
of adipocytes (2). When the 3T3-L1 cells grow to
confluence, they convert, with a certain frequency, into
adipose cells (3). In humans, it has been clarified that fat
cell (adipocytes, which comprises adipose tissue) differentia-
tion and the extent of subsequent fat accumulation are
closely related to the occurrence and advancement of
various diseases such as obesity, type 11 diabetes, coronary
artery disease, and hypertension (2). It was reported that
adipocytes release many bioactive molecules including
adipsin, angiotensionogen, leptin, tumor necrosis factor o
(TNF-a), and adiponectin during their differentiation and
maturation (4). Upon induction of adipocyte differentiation, a
cascade of gene transcription events occur, leading to the
expression of adipocyte-specific genes. The CCAAT-
enhancer binding protein (C/EBP) family, a family of
leucine zipper-type transcription factors, and the per-
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oxisome proliferator-activated receptors (PPAR) family, a
family of ligand-dependent receptor-type transcription
factors, interact with each other, forming a network, which
plays an important role as a master regulator. Leptin, a
product of ob gene and a hormone primarily secreted from
adipose tissue, reduces food intake and increases energy
expenditure. The P2 is adipocyte specific gene regulated
by PPARy in 3T3-L1 (5).

Mushrooms valued as flavorful foods and medicinal
substances for millennia and widely used as nutritional
supplements. However, there has not been a critical review
attempting to integrate their nutraceutical potential with
basic science. Several mushrooms are claimed to exhibit
biological actions, including antitumor and anti-inflammatory
(6), anticoagulant (7), and anti-genotoxic activity (8). Recently
we screened edible mushrooms, hinmogi (Korean name,
Tremella fuciformis), with potent anti-obesity action. The
body of the hinmogi has long been considered a common
food, and is widely used as a traditional crude drug in
China. In recent years, it has been found that the poly-
saccharide fraction composed of acidic and neutral
heteroglycans from hinmogi has several pharmacological
activities such as enhancing host immune functions (9,10),
anti-tumor (11), hypoglycemic activity (12), and cytotoxic
effects on human colon adenocarcinoma cell line DLD-1
(13). Prior to this report, however, systematic research on anti-
obesity effects of the extract from hinmogi was not
performed. In order to clarify and provide the scientific
basis for anti-obesity action, we extracted and separated
polysaccharides from hinmogi. Surprisingly, we obtained
non-sulfated polysaccharides with potential anti-obesity
activities  through the inhibition of preadipocyte
differentiation.
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Materials and Methods

Materials Hinmogi (Tremella fuciformis) was purchased
from a local market in China, and Mucosa material of
porcine small intestine was from a local market in Korea.
Dexamethasone, 3-isobutyl-1-methylxanthine, sucrose, and p-
nitrophenyl-a-D-glucopyranoside were purchased from
Sigma (St. Louis, MO, USA). Dulbecco’s modified Eagle’s
Medium (DMEM) was from Irvine Scientific (Santa Ana,
CA, USA). Fetal bovine serum (FBS), penicillin,
streptomycin sulfate, and glutamine were purchased from
Invitrogen (Carlsbad, CA, USA). Other reagents were from
Sigma unless described otherwise.

Extraction and fractionation of polysaccharides from
edible mushroom hinmogi Extraction and fractionation
of polysaccharides were performed based on the previously
described method (14). Briefly, the dried Ainmogi was
ground using a food mixer (model DS2200; Daesung
Electronics, Seoul, Korea). The dried powder (10 g) of
hinmogi was suspended in 1L of 75% ethanol and
extracted under reflux at 76°C for 1 hr. This procedure was
repeated twice, and thereafter the suspension was then
filtered with Whatman No. 2 paper (Maidstone, Kent,
England) to remove the ethanol-soluble materials. The
sediment was collected, suspended in 1 L of distilled water
and refluxed for 2 hr at 97°C, and a clear supernatant was
collected after centrifugation at 4,000 x g for 20 min at 4°C.
This extraction procedure was repeated twice and the
supernatants obtained were pooled. The supernatant was
concentrated in a rotary evaporator under reduced pressure.
After filtration with Whatman No. 2 paper, the clear filtrate
was lyophilized. This preparation is denominated as water-
soluble fraction (WSF) from the hinmogi. After dissolving
in distilled water, the WSF were precipitated with 20, 40,
60, and 80%(v/v) ethanol by keeping at 4°C for 24 hr. The
resulting precipitates were filtered with Whatman No. 2
paper, washed with 80% ethanol, dried at room temperature,
dissolved in water, and dialyzed against running water for
48 hr. The nondialyzed portion was centrifuged as described
above to remove insoluble materials and the supernatant was
lyophilized. Final products fractionated from WSF by
ethanol with 20, 40, 60, and 80%(v/v) were denominated
as P20, P40, P60, and P80, respectively.

Cell culture and differentiation induction of 3T3-L1
cells 3T3-L1 Preadipocytes were purchased from the
American Type Culture Collection (ATCC, Rockville, MD,
USA). The differentiation of the cells was induced by
slightly modified method previously described (15). Briefly,
3T3-L1 preadipocytes were grown as monolayer cultures
in 12-well culture plates at 37°C in a humidified atmosphere
containing 5% CO, in DMEM containing 10% FBS,
50 units/mL. penicillin, 50 pg/mL streptomycin sulfate, and
2 mM glutamine. The fresh medium was exchanged after
every 48 hr. The differentiation of the cells grown to a
confluence was induced by the addition of same volume of
fresh DMEM containing 5 pg/mL insulin, 0.5mM 3-
isobutyl-1-methylxanthine, 0.75 uM dexamethasone, and
either with or without the polysaccharides extracted from
mushrooms. After induction for 48 hr, the differentiated
cells were maintained in the same media without 3-isobutyl-
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1-methylxanthine and dexamethasone for an additional 2
days. The fresh medium was exchanged after every 2 days.
The cells between 9 and 12 days after induction of
differentiation were used for following experiments.

Cell lysate preparation Differentiated 3T3-L1 cells
cultured in 12-well culture plates as described in above
were washed with phosphate-buffered saline (PBS) and
lysed in 1 mL of cold lysis buffer (20 mM Tris-HCI, pH
74, 150mM NaCl, | mM EDTA, 1% Triton X-100)
containing protease inhibitors and phosphates inhibitors (1
mM Na;VO,, 5 mM NaF, 10 mM p-nitrophenylphosphate,
10 mM B-glycerophosphate). The clear cell lysates were
prepared and protein concentration was determined by
BCA kit (Pierce, Rockford, IL, USA).

Triglyceride Oil Red-O staining and quantitative
analysis Light microscopy and Qil Red-O staining were
used to monitor the characteristic cell rounding and lipid
accumulation during adipocyte differentiation as described
previously (16). Briefly, cell monolayers in 12-well culture
plates were washed with PBS, fixed with 10% neutral-
buffered formalin for a 20 min, drained and covered with
propylene glycol for 3 min. After removal of propylene
glycol, the cell monolayers were covered with Oil Red-O
solution. After 1hr at room temperature, the Oil Red-O
was removed, and the plates were washed twice with PBS.
Triglycerides were visualized by light phase contrast
microscopy. For quantitative determination, the cells in 12-
well culture plates stained with Oil Red-O were sub-
sequently destained with 60%(v/v) propylene glycol for
1 min under gentle agitation. The plates were exhaustively
rinsed with water and dried in a 37°C dry oven for 1 hr. The
dye in each dried culture plate was completely extracted by
agitation in isopropanol. The extracted dye was immediately
removed, brought to a constant volume with isopropanol,
and the absorbance was measured at 510 nm. Total
triglyceride accumulation in cells was measured after lipid
extraction with the INT kit (Sigma) as described previously
(17). Briefly, cells were maintained in 12-well culture
plates for 2 days with or without polysaccharides extracted
from mushroom, scraped in 3 mL of CH;OH/H,O (2 : 0.8,
v/v), and triglycerides were extracted with 1 mL of CHCl,.
The aqueous phase was washed with | mL of CHCI,
solvent was evaporated, and triglycerides were resuspended
in 300 puL of CHCI3/CH30H (2 : 1, v/v) and quantified with
the INT kit according to the manu-facturer’s instructions.

Reverse-transcription polymerase chain reaction (RT-
PCR) Total RNA from differentiated 3T3-L1 adipocytes
was isolated with STAT-60 (Tel-Test Inc., Friendswood,
TX, USA) as recommended by the manufacturer. Total
RNA (1 png) was used to produce cDNA using RT-PCR
system. The reverse-transcription was performed at 42°C
for 1 hr and heated at 95°C for Smin to inactivate the
Avian Myeloblastosis Virus Reverse Transcriptase (AMV
RT) enzyme. The forward primer (5'-GGT GAA ACT
CTG GGA GAT TC3') and reverse primer (5'-CAA CCA
TTG GGT CAG CTC TT3'") were used as cDNA primer of
PPARY, and forward primer (5-AGG TGC TGG AGT
TGA CCA GTI3'y and reverse primer (5-CAG CCT AGA
GAT CCA GCG AC3) were for C/EBPa. The reaction
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were denatured at 94°C for 1 min, annealed at 54°C for
1 min and extended at 72°C for 30 sec. Amplification was
carried out using 25 cycles, and final extension was
performed at 72°C for 7 min. The forward primer (5'-CCA
AAA CCC TCA TCA AGA CC3') and reverse primer {5'-
CTC AAA GCC ACC ACC TCT GT3'} were used as
c¢DNA primer of leptin. To detect these transcription
factors and ob gene, we inserted primers, forward (5-CCA
TCA ACG ACC CCT TCA3Y) and reverse 5-GTC CTC
AGT GTA GCC CAA GA3"), for housekeeping gene
glyceralde-hydes-3-phosphate dehydrogenase (G3PDH) into
cach sample. The reactions were denatured at 94°C for
1 min, annealed at 57°C for 1 min, and extended at 72°C
for 2 min. Amplification was carried out using 30 cycles
and final extension was performed at 72°C for 7 min. The
PCR products were loaded onto 1.5% agarose gel, stained
with ethidium bromide and examined under UV.

Western blot analysis of PPARy Westemn blot analysis
of the cultured 3T3-L1 cells treated with or without
mushroom extracts was carried out as described previously
{18). Briefly, samples corresponding to 30 ug of protein
were prepared in SDS/PAGE sample buffer containing 5%
2-mercaptoethanol and boiled for 5 min. Proteins were
separated on 10%(w/v) acrylamide gels and transferred to
PVDF membrane (Millipore, Billerica, MA, USA). The
PVDF membrane was blocked with 5%(w/v) nonfat dry
milk in TBS (140 mM NaCl,, 10 mM Tris-HCl, pH 8.0)
for 1 hr at room temperature, then washed 5 times with
TBS and incubated for !hr with mouse monoclonal
antibody that recognizes the C-terminus of PPARy of
human origin (Santa Cruz Biotechnology, Santa Cruz, CA,
USA)ata 1:1,000 dilution. The membrane was washed 5
times with TBS and incubated with an horseradish
peroxide (HRP)-conjugated anti-mouse IgG antibody
(SouthernBiotech, Birmingham, AL, USA} at a 1 : 3,000
dilution for 1 hr at room temperature. The membrane was
washed 5 times with TBS and incubated with a Supersignal
chemiluminescence substrate kit (Pierce, Rockford, IL,
USA). For reprobing the same blots with anti-y-tubulin
antibody (Sigma), the blot was rinsed with distilled water
briefly and then incubated with stripping buffer (2% SDS,
62.6 mM Tris-HCl, pH 6.7, 0.78% 2-mercaptoethanol) for
20 min at 60°C. After rinsing (5%5 min each) with TBS/
0.05% Tween 20, the PVDF membrane was subjected to
blocking procedure. All procedures after blocking were as
described above. The intensity of bands was determined by
densitometric analysis using a Scion imaging program.

Determination of molecular weight Ten mg of P80
obtained from hinmogi was dissolved in 3 mL of distilled
water and applied to a gel filtration chromatography on
Sephacry S-400 HR column (1.5x170 em) equilibrated
with 0.5 M ammonium bicarbonate (pH 7.0). The column
was eluted with the same solution at a flow rate of 18 mL/
hr and the aliquots of 3 mL were collected. The contents of
hexose and hexuronic acid were determined based on
Dubois er al. (19) and carbazole reactions (20).

Statistical analysis Data were expressed as means+
standard deviation (SD) from 3 independent experiments.
The statistical significance of differences between groups
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was determined by applying Student #test. Significance of
differences is indicated as a p values. Values of p<0.05
were considered statistically significant.

Results and Discussion

Evaluation of 3T3-L1 adipocyte differentiation The
differentiation of preadipocyte into adipocytes is regulated
by transcription factors such as PPARy, C/EBPa, and
leptin. The mRNA expression of those transcription factors
can be detected by RT-PCR using specific primers as
described in materials and methods. Because the house-
keeping gene, G3PDH, is expressed with similar amounts
of RNA in cells, the inhibitory effects of samples on
differentiation of adipocyte can be measured through the
expression level of the PPARy and C/EBPo genes, 2
important adipogenic transcription factors. Therefore, in
this study, we investigated the effects of polysaccharides
from hinmogi on the expression of adipogenic transcrip-
tion factors and adipogenic genes.

The polysaccharides from hinmogi Inhibit the
expression of transcription factors, PPARy, in 3T3-L1
adipocyte cells The 3T3-L1 cells were treated with
polysaccharide P20, P40, P60, and P80 from hinmogi
during differentiation and the cell lysates were subjected to
Western blot using anti-PPARy antibody as described in
materials and methods. As shown in Fig. 1, the control
3T3-L1 cells without treatment of polysaccharides showed
the strong immuno-reactive band in 67kDa position,
PPARy! (lane a), whereas the cells treated with poly-
saccharides were significantly decreased in expressions of
PPARy (lane b, ¢, d, e, and f). It should be noted that P80
showed the highest inhibitory effect among the poly-
saccharides fractionated from WSF on differentiation of
3T3 L1 adipocyte cells (lane f). Therefore, we concentrated
our further studies in P80.

The P80 from hinmogi reduced the lipid contents in
3T3-L1 adipocyte cells It was reported that the number
of larger lipid droplets is increased during differentiation
from preadipocytes to adipocytes in 3T3-L1 celis (2). To
measure the lipid contents in cells, triglyceride accumulation
assay using INT kit (Fig. 2) and Oil Red-O staining (Fig.
3) were performed in 3T3-L1 cells treated with
polysaccharides from mushrooms. As shown Fig. 2,
treatment of P80, WSF and maitake X-fraction reduced
triglyceride accumulation in 3T3-L1 cells during differentia-
tion, in which the reductions were clearly shown at 2 mg/
mL of 3 polysaccharides but were not significant in 1.0 and

PPARY2 — _ _
PPARY 1-— %8

y-Tubulin ey Ny sy suwy w48 kDa
Fig. 1. Effects of polysaccharides from edible mushroom,
Tremella fuciformis, on the protein abundance of lipogenic
gene products of peroxisome proliferators-activated receptory
(PPARY) in 3T3-L1 cells. Non-treated cells (a); cells treated with
WSP (b), P20 (c), P40 (d), P60 (e), and P8O (f).
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Fig. 2. Triglyceride accumulation in 3T3-L1 cells. The values
are shown as means+SD from 3 independent experiments. The
significance of each difference is indicated as a p value. *p<0.05
vs. control.

1.5 mg/mL of polysaccharides. Treatment with P80 on
3T3-L1 cells demonstrated the significant inhibitory effect
on triglyceride accumulation, in which the degree of
triglyceride accumulation in the cell was 69 and 49% of
that of non-treated cells at 1.5 and 2 mg/mL, respectively
(Fig. 2A). Whereas triglyceride contents of 3T3-L1 cells
treated with WSF was 88 and 65% (Fig. 2B), and that with
maitake X-fraction was 97 and 66% of that of non-treated
cells at 1.5 and 2 mg/mL (Fig. 2C), respectively.

The inhibitory effect of P80 on triglyceride accumulation
was confirmed by Oil Red-O staining, in which the cells
treated with P80 contained less lipids than control cells
(Fig. 3A). The degree of Oil Red-O staining in 3T3-L1
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cells treated P8O was 34 and 22% of that of control cells at
1.5 and 2 mg/mL, respectively (Fig. 3B). Compare to that
of non-treated cell, however, the degree of Qil Red-O
staining of cells treated with WSF (Fig. 3C) and maitake
X-fraction (Fig. 3D) were decreased to 50 and 51% at 1.5
mg/mL, and to 34 and 38% at 2.0 mg/mL, respectively.
These results suggested that P80 had strong inhibitory
effect on differentiation of 3T3-L1 preadipocytes into
adipocytes.

The P80 from hinmogi inhibit the differentiation of
3T3-L1 adipocyte cells through inhibition of mRNA
expression of PPARy, C/EBPq, and leptin To
investigate the mechanism of inhibitory effects of P80 on
adipocyte differentiation, mRNA expression levels of 2
important differentiation makers, PPARy and C/EBPq,
were used to monitor the progress of differentiation in the
preadipocytes in the presence or absence of P80. The
results demonstrated that mRNA expressions of PPARy
(266 bp) in 3T3-L1 cells treated with 2 mg/mL of P80
were significantly reduced compared to that in non-treated
cells, and in cells treated with WSF or maitake X-fraction
(Fig. 4A). Furthermore, P80 showed a significant inhibitory
effect on mRNA expression of PPARy at 2 mg/mL, which
was clearly higher than WSF, and maitake X-fraction, a
well known anti-diabetic substance.

The mRNA expressions profiles of C/EBPa (238 bp) in
3T3-L1 cells treated with P80, WSF and maitake X-
fraction were shown in Fig. 4B. The P80 showed a
significant reduction in mRNA expression of C/EBP« at 2
mg/mL, whereas all cells showed similar amounts of
mRNA expression of house keeping gene, G3PDH (738
bp). The significantly reduced mRNA levels of major
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Fig. 3. Effect of mushroom polysaccharides on accumulation of neutral lipids (A) and triglycerides (B, C, and D} during
differentiation of 3T3-L1 adipecytes in culture. The values are shown as means+SD from 3 independent experiments. The significance

of each difference is indicated as a p value. *p<0.05 vs. control.



Effects of Polysacchrides from Hinmogi (Tremella fuciformis) on Adipocytes Differentiation 271

P80

(mg/mL} 05 1.0 15 20 05 1.0 15 20 0.5

PPARY
(266 bp)

G3PDH

(A)

(738bp) wie  wle s

C/EBPx I
(238 bp)

(B) G3PDH
(738 bp}

©)

WSF

Maitake X-fraction

19 15 20 0

Fig, 4. Effects of polysaccharides on the mRNA. expression of PPARy {A), C/EBPq. (B), and Ieptin (C) in 3T3-L1 cells. G3PDH:

Glyceroaldehyde-3-phosphate dehydrogenase.

adipogenic transcription factors, PPARy and C/EBPJ in
3T3-L1 cells treated with P80 suggested that P80 inhibited
the adipogenesis by reducing transcription of PPARy and
C/EBPa. Myostatin, a new TGF-beta family member and
known as a muscle growth inhibitor, inhibited preadipo-
cyte differentiation in 3T3-L1 cells, which was mediated,
in part, by altered regulation of C/EBPa and PPARy (21).
It was reported that the expression of C/EBPB in 3T3-L1
cells was induced early in the presence of Tontonoz
methylisobutyxanthine (MIX) and then C/EBPP induced
PPARy and C/EBPa, followed by the expression of
adipogenic genes such as G3PDH and aP2 to accumulate
fat into cells (22). Leptin, a hormone produced primarily
by adipocytes, regulates energy expenditure and food
intake, and its expression is regulated by physiological
states such as fasting and feeding, and as well as hormonal

=N

regulation. In this experiment, the inhibitory effects of
polysaccharides from hinmogi on the mRNA expression of
leptin in 3T3-L1 cells was determined using RT-PCR
because leptin expression in 3T3-L1 cells is generally too
low to detect using Northern blot analysis (23). The results
demonstrated that mRNA expressions of leptin (369 bp) in
3T3-L1 cells treated with P80, WSF and maitake X-fraction
were significantly inhibited (Fig. 4C). Most notably, the
cells treated with P80 were completely inhibited in leptin
expression at 2 mg/mlL.

The morphology of 3T3-L1 cells treated with or without
P80 was observed (Fig. 5). The 3T3-L1 cells exhibited
spindle shape in the stage of the adipocyte (Fig. 5a). The
cells which had undergone differentiation without P80
treatment showed significantly increased lipid droplets
(Fig. 5b). The cells induced to differentiate with the

Fig. 5. Photomicrographys of 3T3-L1 cells. Undifferentiated cells (a); differentiated cells with treatment of 0 (b), 0.5 (¢), 1.0 {d), 1.5 (e),

and 2.0 mg/mL (f) of P8O.



272

treatment of P80, however, showed a reduction in the
formation of lipid droplets (Fig. Sc, d, e, and f). These
results are consistent with the triglyceride accumulation
assay and Oil Red-O staining (Fig. 2 and 3).

When P80 was applied on Sephacry S-400 column (2%
170 cm) equilibrated with 0.5 M ammonium bicarbonate
(pH 7.0), a single symmetric peak was observed, containing
both neutral sugar and hexuronic acid. The P80 has an
average molecular mass of about 480 kDa on Sephacry S-
400 column, previously calibrated using dextran with
different molecular masses {data not shown).

We demonstrated that P80 inhibited the adipocyte
differentiation in 3T3-L1 cells through down regulation of
adipocyte-specific transcription factor such as PPARy and
C/EBPa, and of hormone produced primarily by adipocytes
such as leptin, which was confirmed by a decrease in lipid
accumulation. It has been reported that TGFB1 (transforming
growth factor-$1)-induced SAPK/INK (stress-activated
protein kinases/c-Jun N-terminal kinase) phosphorylation
leads to downstream signaling which negatively affect the
activity of PPARy (24), and CREB activation downregulated
the expression of transcrip-tion factors such as C/EBPa,
PPARy, RXRa, and SREBP-1 in 3T3-L1 cells (25). A
possible inhibitory mechanism of P80 on differentiation
may come from downregulation of transcriptional signaling
related to CREB and TGFBl. It was reported that
adipocyte differentiation and the extent of subsequent fat
accumulation are closely related to obesity (2). Weight gain
is also a frequent side effect of insulin therapy in type II
diabetic patients (26). In this study, the inhibitory activity
on differentiation was clearly shown only when high
concentration of P80 was treated to 3T3-L1 adipocyte.
However, further studies should be performed such as anti-
differentiation mechanism, anti-obesity activity (27), and in
vivo study (28) of P80 from hinmogi. Nevertheless, our
findings may constitute a new source of compounds with
potential to treat or prevent obesity.
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