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ABSTRACT

Aging is characterized by mild hyperglycemia and accumulation of advanced
glycation end products (AGEs). Effects of chronic exposure to hyperglycemia or
AGEs on the adipogenic differentiation of 3T3-L1 preadipocytes remain unclear. We
examined the chronic effect of AGEs and high glucose on the differentiation of 3T3-L1
cells by culturing 3T3-L1 cells in the presence of AGEs or 25 mM glucose for
1 month. Chronic incubation of 3T3-L1 cells with AGEs or high glucose blocked their
differentiation into mature adipocytes as evidenced by reduced levels of adipocyte
markers such as accumulated oil droplets, GPDH, aP2, adiponectin and of adipogenesis
regulators PPARy and C/EBPa. Levels or activities of Src, PDK1, Akt, and NF-kB were
higher in AGEs- and high glucose-treated cells than those in 3T3-L1 cells. Levels of
Bcl-2 were elevated in AGEs- and high glucose-treated cells, and were attenuated by
inhibitors of PI3-kinase, Akt and NF-kB. Moreover, adipogenesis was attenuated in
3T3-L1 cells stably expressing Bcl-2 or YAP. These results suggest that chronic AGEs
and high glucose treatments up-regulate Bcl-2 and YAP via the Akt-NF-kB pathway
and impair adipogenesis.

INTRODUCTION

Aging is known to attenuate the differentiating
ability of preadipocytes into adipocytes [ 1-3]. Expression
of transcriptional factors that regulate adipogenesis
declines with aging in rat preadipocytes from various
ages. However, the underlying mechanisms remain
unclear. Advanced glycation end products (AGEs)
are formed in vivo by a non-enzymatic reaction of

proteins, lipids and nucleic acids, with glucose and other
reducing sugars [4-7]. AGEs accumulation occurs in
many tissues during aging due to a moderate increase in
fasting glucose and to long-term exposure of proteins to
normoglycemic condition [8—10]. Therefore, AGEs and
mild hyperglycemia may mediate some of the inhibitory
effects of aging on adipogenesis.

Effects of AGEs and high glucose on the
differentiation of progenitor cells or preadipocytes are not
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well understood. High glucose has been shown to induce
the differentiation of muscle-derived stem cells into
adipocytes [11] and promote adipogenic differentiation
of bone marrow-derived mesenchymal stem cells [12]. In
the case of 3T3-L1 preadipocytes, 25 mM glucose was
reported to inhibit adipogenesis [13]. In contrast, Lin
et al. showed that there is no difference in the adipogenic
differentiation of 3T3-L1 preadipocytes in the presence of
25 mM or 4 mM glucose [14]. On the other hand, AGEs
have been shown to attenuate the differentiation of 3T3-L1
cells and human mesenchymal stem cells into adipocytes
[15, 16]. In contrast, we and others have shown that short-
term AGEs stimulation promoted the differentiation of
3T3-L1 preadipocytes [17, 18]. However, in these previous
studies, cultured cells were only exposed to high glucose
or AGEs in the early stage of differentiation or during
the whole differentiation process (i.e., less than 7 days).
Since adipocytes and preadipocytes turnover slowly
[19], the chronic effects of AGEs and hyperglycemia on
adipogenesis and the underlying mechanisms remain to
be established.

To mimic the conditions of aging, we cultured 3T3-L1
cells in the presence of AGEs or 25 mM glucose for 1
month, and then examined the effects of these chronic
treatments on the differentiating ability of 3T3-Ll1
preadipocytes. Our results showed that the ability
of AGEs- and high glucose-treated 3T3-L1 cells to
differentiate into mature adipocytes was impaired as
these cells expressed low levels of adipocyte markers
such as oil droplets, GPDH, aP2 and adiponectin and
reduced levels of PPARY and C/EBPa. Our studies further
indicated that the Src kinase-Akt and PI3-K-PDK1-Akt-
NF-kB pathways were elevated, and that levels of NF-«kB
genes, Bcl-2 and YAP, were up-regulated in AGEs- and
high glucose-treated 3T3-L1 cells. Adipogenesis was also
impaired in 3T3-L1 cells overexpressing Bcl-2 or YAP.
Thus, chronic AGEs or high glucose treatment inhibits the
differentiation of 3T3-L1 preadipocytes at least partly by
elevating Bcl-2 and YAP.

RESULTS

Blockage of adipogenic differentiation of 3T3-L1
preadipocytes by hyperglycemia and AGEs

Adipose tissues compose of adipocytes,
preadipocytes and other cell types. Adipocytes and
preadipocytes are slow turnover cells among these
diversified cell types [19]. To mimic the condition of
aging, we cultured 3T3-L1 cells in the presence of
25 mM glucose or 900 pg/mL AGEs for one month. The
differentiation inducing agents including 1.7 uM insulin,
0.5 mM IBMX and 1 uM dexamethasone were added to
3T3-L1, AGEs- and high glucose-treated cells. Oil red O
(ORO) was used to stain the oil droplets within adipocytes.
Figure 1A showed that 3T3-L1 cells differentiated into

adipocytes in 8 days. Interestingly, unlike 3T3-L1 cells,
the differentiation of glucose- and AGEs-treated cells was
blocked (Figure 1A). Since GPDH is another widely used
marker for adipocytes, GPDH activities of these 3T3-L1
cells were assessed [20]. GPDH activities were lower in
AGEs- and high glucose-treated 3T3-L1 cells than that
in 3T3-L1 cells. We have also treated 3T3-L1 cells with
100 pg/mL AGEs for one month and obtained similar
results (as shown in Supplementary Figure 1). These
results indicate that AGEs and high glucose treatments
inhibit adipogenesis of 3T3-L1 preadipocytes (Figure 1B).

Altered expression levels of adipocyte-specific
genes by chronic hyperglycemia and AGEs
treatments

Chronic treatments with high glucose and AGEs
may alter the expression of genes regulating the
preadipocyte differentiation. We examined the expression
of several adipocyte-specific markers or transcription
factors during the differentiation of untreated, high
glucose- and AGEs-treated 3T3-L1 cells. Figure 1C
showed that 7 days after induction, levels of PPARy and
C/EBPa were much lower in high glucose- and AGEs-
treated cells than those in untreated 3T3-L1 cells. In
contrast, there were little differences in the expression
levels of C/EBPP and C/EBPS in differentiating 3T3-L1,
high glucose- and AGEs-treated cells on day 1 (as shown
in Supplementary Figure 2). Consistently, on day 9 after
differentiation induction, levels of PPARy-regulated genes
aP2 and adiponectin, markers for adipocytes, in glucose-
and AGEs-treated 3T3-L1 cells were also lower than those
in control cells (Figure 1D).

Elevated activation of Src and PI3-kinase-AKkt in
high glucose- and AGEs-treated 3T3-L1 cells

The PI3-kinase-PDK1-Akt pathway is involved
in the regulation of many physiological processes. We
examined whether the PI3-kinase-PDK 1-Akt pathway is
altered in high glucose- and AGEs-treated cells. Figure 2A
showed that protein levels of PTEN were decreased in
high glucose- and AGEs-treated 3T3-L1 preadipocytes.
PDK1 protein levels and activation of PDK1 and Akt were
enhanced in high glucose- and AGEs-treated 3T3-L1 cells
as compared to those in control cells (Figure 2B and 2C).

Src has been shown to activate the PI3-kinase-
PDK1-Akt pathway [21-23]. Western blotting with the
phospho-Y416-Src antibody was performed to examine
whether Src is activated in AGE- and high glucose-treated
3T3-L1 cells. Figure 2D showed that the phosphorylation
levels of Y416 on Src were enhanced in AGE- and high
glucose-treated 3T3-L1 cells as compared to those in
control cells. To examine whether Src is upstream of
the PI3-kinase-Akt pathway, we measured the effects of
PP2 that is a Src inhibitor on PDK1 and Akt activities in
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3T3-L1, AGEs- and high glucose-treated cells. Figure 2E
showed that addition of PP2 inhibited Akt, but not PDK1,
activity in all three cell types. Therefore, chronic AGEs
and high glucose treatments may activate Akt via both Src-
dependent and P13-kinase/PDK1-dependent pathways.

Chronic AGEs and high glucose treatments
up-regulate Bcl-2 via Akt and NF-kB

Akt is known to up-regulate Bcl-2 in a variety of
cell types [24, 25]. Western blot analysis revealed that
Bcl-2 levels in AGEs- and high glucose-treated cells were
much higher than those in 3T3-L1 cells (Figure 3A).
Addition of L'Y294002 or Akt inhibitor attenuated levels
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of Bcl-2 (Figure 3B) in AGEs- and high glucose-treated
cells, indicating that elevated Akt activation leads to up-
regulation of Bcl-2 in AGEs- and high glucose-treated cells.

Bcl-2 is a known target gene of NF-kB [26], which is
activated by Akt [27, 28]. Figure 3C showed that IkB levels
were reduced in AGEs- and high glucose-treated cells,
whereas nuclear NF-kB levels were higher in AGEs- and
high glucose-treated cells than 3T3-L1 cells, suggesting
that NF-kB was activated in AGEs- and high glucose-
treated cells as compared to 3T3-L1 cells. Addition of IKK
inhibitor attenuated levels of Bel-2 (Figure 3D) in AGEs-
and high glucose-treated cells, indicating that elevated Akt
and NF-«B activation leads to up-regulation of Bcl-2 in
AGE:s- and high glucose-treated cells.
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Figure 1: Blockage of 3T3-L1 preadipocyte differentiation by AGEs and high glucose. (A) 3T3-L1, AGEs- and 25 mM
glucose-treated preadipocytes were induced to differentiate into adipocytes. Eight days after induction, lipid droplets were visualized
by the Oil red O staining. Representative microscope images were shown. (B) 3T3-L1, AGEs- and high glucose-treated cells were
harvested on day 8 after adipogenic induction and subjected to GPDH activity assay. The results are indicated as the means + SEM of
three independent experiments. (C) Seven days after induction into adipocytes, cell lysates from control, AGEs- and high glucose-treated
cells were immunoblotted with C/EBPa, PPARy and B-actin antibodies. Bands were quantified by densitometry analysis, and values are
the means + SEM of three independent experiments. (D) On day 9 after differentiation induction, total RNAs of control, AGEs- and high
glucose-treated 3T3-L1 adipocytes were isolated. The semi-quantitative RT-PCR was used to examine the expression levels of adiponectin,
aP2 and 18S ribosomal RNA. Data were representative of three independent experiments. Symbols * and ** indicate the statistically
significant differences when p < 0.05 and p < 0.01 as compared to control, respectively.
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Elevated Bcl-2 levels may be responsible for
the impaired adipogenesis in AGEs- and high
glucose-treated 3T3-L1 cells

To examine whether elevated Bcl-2 levels lead to
inhibition of adipogenesis, we generated a stable 3T3-L1
cell line over-expressing Bcl-2 (3T3-L1-Bcl-2 cells)
(Figure 4A), and compared the differentiating ability of
3T3-L1-Bcl-2 cells with that of control cells (3T3-L1-
Vehicle cells). The results showed that the differentiation
of 3T3-L1-Bcl-2 cells was impaired as evidenced by
reduced ORO staining extents of oil droplets (Figure 4B)
in 3T3-L1-Bcl-2 cells as compared to those in 3T3-L1-
Vehicle cells. Similarly, PPARy C/EBPa and aP2 levels
on day 5 after inducing differentiation in 3T3-L1-Bcl-2
cells were much lower than those in 3T3-L1-Vehicle cells
(Figure 4C). These results support the hypothesis that
elevated Bcl-2 expression is at least partly responsible for
the inhibition of adipogenesis by chronic AGEs and high
glucose treatments.
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Chronic AGEs and high glucose treatments up-
regulate YAP via Akt and NF-xB

YAP, an effector protein of the Hippo pathway,
is known to regulate cell proliferation, apoptosis and
differentiation [29-31]. We compared levels of YAP in
control, AGEs- and high glucose-treated 3T3-L1 cells,
and found that YAP levels were elevated substantially in
AGEs- and high glucose-treated 3T3-L1 cells (Figure 5A).
Addition of IKK inhibitor attenuated YAP levels in AGEs-
and high glucose-treated 3T3-L1 cells (Figure 5B),
suggesting that YAP is up-regulated by elevated NF-«B
activation in AGEs- and high glucose-treated 3T3-L1 cells.

To determine whether elevated YAP levels affect
adipogenesis, we generated cells that stably expressed
YAP (3T3-L1-YAP cells) (Figure 6A). Induction of the
adipogenic differentiation of 3T3-L1-YAP and 3T3-L1-
Vehicle cells revealed that the differentiation of 3T3-L1-
YAP cells was substantially attenuated as evidenced by
reduced levels of adipocyte markers such as accumulated
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Figure 2: Src kinase and PI3-kinase-Akt pathway are activated in high glucose- and AGEs-treated 3T3-L1 cells. Cell
lysates from control, AGEs- and high glucose-treated cells were prepared and immunoblotted with PTEN (A), PDK1, p-PDK1 52*!(B), Akt,
p-Akt 5473, p-Akt 3% (C), Src, p-Src ¥4 (D), or B-actin antibodies. (E) Control, AGEs- and high glucose-treated cells were serum-deprived
overnight and treated with 10 uM PP2 for 30 minutes. Cell lysates were subjected to Western blot analysis using indicated antibodies. The
values listed at the bottom of each lane indicate the relative changes normalized to control. Bands were quantified by densitometry analysis,
and values shown are the means = SEM of three independent experiments. # indicates the statistical significance between treatment and
control groups. Symbols * and ** indicate the statistical significances between treatments with and without 10 uM PP2 as p < 0.05 and

p <0.01, respectively.
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lipid droplets, adiponectin and aP2 (Figure 6B), and
adipogenic transcription factors such as PPARy and C/
EBPa (Figure 6C). These results indicated that elevated
YAP levels induced by AGEs and high glucose treatments
contribute to the inhibition of adipogenesis.

DISCUSSION

Chronic hyperglycemia which is characteristics of
aging and diabetes facilitates the formation of AGEs [4-7].
Since adipocytes are slow turnover cells [19], adipose
tissues in aged or diabetic subjects are exposed to high
glucose or AGEs for a prolonged period. However, effects
of long-term exposure to AGEs and hyperglycemia on the
differentiation of preadipocytes remain unclear. In this
study, we investigated the effects of 1 month exposure
of 3T3-L1 preadipocytes to AGEs or 25 mM glucose on
adipogenesis, and found that prolonged exposure to AGEs
and 25 mM glucose inhibited the differentiation of 3T3-L1
preadipocytes.

Our results showed that chronic treatment of 3T3-L1
cells with AGEs or 25 mM glucose blocked the adipogenic
differentiation of treated cells as judged by the lack of
lipid droplet accumulation and the reduced expression of
adipocyte markers such as aP2 and adiponectin. C/EBPa
and PPARy are key transcriptional factors regulating
adipogenesis [32-36]. We found that the expression levels
of PPARy and C/EBPa were much lower in AGEs- and
25 mM glucose-treated cells as compared to those in 3T3-
L1 cells. The failure of AGEs- and 25 mM glucose-treated
cells to differentiate into mature adipocytes may be due to
reduced PPARy and C/EBPa levels.

We further explored the mechanism by which AGEs
and 25 mM glucose inhibit adipogenesis. Our results
indicated that Src tyrosine kinase activity was elevated
in AGEs- and high glucose-treated 3T3-L1 cells. Src
has been shown to activate the PI3-kinase-PDK1-Akt
pathway [21-23]. Our data showed that inhibition of
Src with PP2 attenuated Akt, but not PDK-1, activity in
AGEs- and high glucose-treated 3T3-L1 cells, suggesting
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Figure 3: Elevated Akt and NF-kB activation lead to up-regulation of Bcl-2 in AGEs- and high glucose-treated cells.
(A) Cell lysates from control, AGEs- and 25 mM glucose-treated cells were immunoblotted with Bcl-2 or B-actin antibodies. Control,
AGEs- and high glucose-treated cells were treated with 15 pM LY294002 or 10 uM Akt inhibitor (B) or 1 uM IKK inhibitor (D) for
48 hours before harvest. Cell lysates were subjected to Western blot analysis with Bcl-2 or B-actin antibodies. (C) Total cell lysates and
nuclear extracts from control, AGEs- and high glucose-treated cells were subjected to Western blot analysis using IkB, NF-kB, laminB1
or B-actin antibodies. Bands were quantified by densitometry analysis, and values shown in the figures are the means = SEM of three

independent experiments. *p < 0.05, as compared to control.
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that Src is upstream of Akt, but not PI3-kinase nor PDK1.
On the other hand, since PDK1 protein levels and PDK1
phosphorylation were elevated in AGEs- and high glucose-
treated 3T3-L1 cells, the results suggest that PI3-kinase
and PDK1 are activated in AGEs- and high glucose-treated
3T3-L1 cells. Thus, chronic AGEs and 25 mM glucose
treatments activate Akt via the Src and PI3-kinase-PDK 1
pathways.

Akt is known to up-regulate Bel-2 by the activation
of NF-xB [26-28]. Our data revealed that IkB levels were
reduced, whereas nuclear NF-kB levels were higher in
AGEs- and high glucose-treated cells than those in 3T3-L1
cells, suggesting that NF-kB is constitutively activated in
AGEs- and high glucose-treated cells. Moreover, levels
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of Bcl-2 were elevated in AGEs- and high glucose-treated
cells. Up-regulation of Bcl-2 was attenuated by inhibitors
of PI3-kinase, Akt and IKKa in AGEs- and high glucose-
treated cells, suggesting that elevated Akt activity results
in activation of NF-«xB lead to up-regulation of Bcl-2 in
AGEs- and high glucose-treated cells.

To examine whether elevated Bcl-2 levels contribute
to the inhibition of adipogenesis in AGEs- and high
glucose-treated cells, stable 3T3-L1 cell lines over-
expressing Bcl-2 (3T3-L1-Bcl-2 cells) were generated.
Intriguingly, like AGEs- and high glucose-treated cells,
the differentiation of 3T3-L1-Bcl-2 cells was impaired
as evidenced by the reduced amount of accumulated oil
droplets and reduced levels of PPARy and C/EBPa in
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Figure 4: Elevated Bcl-2 levels are responsible for the impaired adipogenesis in AGEs- and high glucose-treated
3T3-L1 cells. Cell lysates from 3T3-L1-Vehicle and 3T3-L1-Bcl-2 cells were subjected to Western blotting with Bel-2 (A), PPARy, C/
EBPa, aP2 (C) or B-actin antibodies. (B) 3T3-L1-Vehicle and 3T3-L1-Bcl-2 cells were induced to differentiate into adipocytes for 5 days
and accumulated lipid droplets were visualized by the Oil red O staining. Representative microscope images and quantitation were shown.
Bands were quantified by densitometry analysis, and values shown are the means + SEM of three independent experiments. *p < 0.05 and

**p <0.01, as compared to Vehicle control group, respectively.
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3T3-L1-Bcl-2 cells as compared to 3T3-L1-Vehicle cells.
These results suggest that elevated Bcl-2 levels at least
partly account for the impaired adipogenesis in AGEs- and
high glucose-treated cells. Thus, elevation of the Src-Akt
and PI3-kinase-PDK1-Akt pathways leads to activation
of NF-«B, up-regulation of Bcl-2, and suppression of
adipogenic differentiation in AGEs- and glucose-treated
cells. Chronic AGEs and high glucose treatments also up-
regulated YAP, another NF-kB-regulated gene.

Like Bcl-2, stable expression of YAP in 3T3-L1 cells
attenuated adipogenesis by reducing levels of adipocyte
markers such as accumulated oil droplets, adiponectin and
aP2 and levels of adipogenic transcription factors C/EBPa
and PPARy. TAZ or WWTRI, the structurally related
protein of YAP, has been shown involved in adipogenesis
[29-31]. Similarly, our data showed that increasing
levels of YAP in 3T3-L1 preadipocytes inhibited the
differentiation of 3T3-L1 preadipocytes. Although YAP
and TAZ are both effector proteins of the Hippo pathway,
they may exert similar or different functions. For instance,
both YAP and TAZ serve as transcriptional co-activator for
transcription factor partners TEAD and Runx and increase
cell proliferation, migration and invasion. However, YAP
specifically associates with transcription factors, such as
ErbB4, p73, whereas TAZ interacts with PPARy, Pax3,
TBXS, and TTF-1. Moreover, gene knockout mouse
studies revealed that knockout of the YAP gene in mice
leads to early developmental arrest. However, TAZ
knockout mice are viable. In the case of adipogenesis, both
YAP and TAZ inhibit adipogenic differentiation. Since
YAP levels in AGEs- and high glucose-treated 3T3-L1
cells were attenuated by an IKK inhibitor, suggesting that
YAP is a NF-kB downstream gene. Thus, elevated NF-kB
activity induced by chronic AGEs and high glucose
treatments inhibits adipogenesis via Bcl-2 and YAP.

It is documented that the ability of preadipocytes
to differentiate into mature adipocytes declines with
age. Expression of C/EBPa, C/EBPS, and PPARy
declines substantially with aging in preadipocytes from
rats of various ages [1-3]. However, the mechanisms
by which aging affects these adipogenic transcription
factors and inhibits adipogenesis remain unclear. Aging
is characterized by mild hyperglycemia and AGEs
accumulation which is known to cause cell senescence.
Lowering the content of AGEs in the normal diet has
been recently shown to significantly prevent AGEs
accumulation and to extend lifespan in mice [37]. Thus,
hyperglycemia and AGEs may mimic some of the effects
of aging. Similar to aging, we found that the expression
of C/EBPa and PPARy in AGEs- and 25 mM glucose-
treated cells was less than that in control 3T3-L1 cells.
Like aging, chronic AGEs- or high glucose-treatment
inhibits the differentiation of preadipocytes. Nuclear NF-
kB activity has been shown to be up-regulated with age in
mouse and rat tissues [38] such as mouse cardiac muscle
[39], rat brain [40], lymphoid organs [41] and gastric

mucosa [42]. The NF-kB motif has also been shown to
be strongly associated with age in gene expression levels
of nine tissue types in mice and humans [43]. Our study
also showed that NF-kB activity was activated and its
target genes Bcl-2 and YAP were elevated in AGEs- and
high glucose-treated 3T3-L1 cells. Therefore, AGEs and
hyperglycemia may mediate at least some of the effects of
aging via the activation of NF-kB and elevation of Bel-2
and YAP leading to the inhibition of adipogenesis.

In summary, we have found that prolonged AGEs
and high glucose treatments inhibited the differentiation
of 3T3-L1 preadipocytes into adipocytes. Our data implied
that the Src-Akt and PI3-kinase-PDK1-Akt pathways
were activated in AGEs- and high glucose-treated 3T3-L1
cells. Akt subsequently activated NF-«B and up-regulated
Bcl-2 and YAP leading to attenuation of the adipogenic
differentiation of 3T3-L1 cells.

MATERIALS AND METHODS

Reagents and chemicals

LY294002 and PP2 were obtained from Tocris
(Bristol, UK). IKK inhibitor VII was purchased from
Merck Millipore (Lake Placid, NY, USA). Dulbecco's
modified Eagle medium (DMEM) with high and low
glucose contents were purchased from ThermoFisher
Scientific (Waltham, MA, USA). Fetal bovine serum (FBS),
Lipofectamine 2000 transfection reagent and the TRIzol
Reagent were purchased from Life Technologies (Grand
Island, NY, USA). The enhanced chemiluminescence
blotting detection system was obtained from Perkin Elmer
(Waltham, MA, USA). Antibodies against phospho-PDK1
(S**") and B-actin were purchased from BD Bioscience (San
Jose, CA, USA). Antibodies against PPARy, C/EBPB, C/
EBP9, aP2, PDK1, phospho-Src (Y*'), Src, Akt, phospho-
Akt (S*7), phospho-Akt (T*%), Bcl-2, NF-kB, and IxB
were purchased from Cell Signaling (Danvers, MA, USA).
Anti-YAP antibody was purchased from Novus Biologicals
(Littleton, CA, USA). Antibodies against PTEN and
phospho-tyrosine, PureProteome magnetic beads and the
Compartmental Protein Extraction kit were purchased
from Millipore (Billerica, MA, USA). Antibodies against
GAPDH, lamin Bl and C/EBPa were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). The
RevertAid H Minus First Strand cDNA Synthesis Kit was
purchased from Fermentas (Glen Burnie, MD, USA).
Akt Inhibitor VIII trifluoroacetate salt hydrate and other
common chemicals were obtained from Sigma (St. Louis,
MO, USA).

Preparation of advanced glycated end product
(AGEs)

AGEs were prepared as described previously by
incubating bovine serum albumin (10 mg/mL) with 33 mM
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glyceraldehyde and 100 U/mL penicillin/streptomycin
in 0.02 M sodium phosphate buffer (pH 7.4) at 37°C
for 3 days in the dark. Generated AGEs were subjected
to dialysis against 0.02 M phosphate buffer (pH 7.4) at
4°C for 48 hours and then sterilized by passing through a
0.22 um filter [18]. No endotoxin was detected in AGEs
preparations using endotoxin assay kit from Genscript
(Piscataway, NJ, USA).

Differentiation of 3T3-L1 preadipocytes

3T3-L1 preadipocytes (from Bioresource Collection
and Research Center, Food Industry Research and
Development Institute, Hsinchu, Taiwan) were maintained
in DMEM containing 10% FBS, 3.7 g /L NaHCO,,
25 mM HEPES, 1 g/L glucose and 100 U/mL penicillin/
streptomycin at 37°C, 5% CO, and 95% humidity. Two
days after confluence, preadipocytes were induced
differentiation by incubating cells with DMEM containing
0.5 mM IBMX, 1 uM dexamethasone, 1.7 uM insulin,
and 10% FBS at 37°C in a 5% CO, humidified incubator
for 72 hours. On day 3, the medium was replaced with
fresh medium containing 1.7 uM insulin. After day 5, the
culture medium was replaced every two days [18, 20].

QOil red O staining

3T3-L1 adipocytes were rinsed with PBS twice and
fixed with 4% paraformaldehyde at room temperature
for 1 hour. After fixing, cells were washed with PBS
and incubated with a 60°C pre-warmed 0.2% Oil Red
O solution at 37°C for 1 hour. Cells were washed with
PBS and lipid droplets were visualized and quantified by
measuring the absorbance at 510 nm [18, 20].

Glycerol-3-phosphate dehydrogenase (GPDH)
assay

GPDH activities were performed as previously
described [18, 44]. Briefly, differentiated adipocyte lysates
were extracted with the homogenization buffer containing
0.25 M sucrose, | mM EDTA, 1 mM dithiothreitol,
and 5 mM Tris-HCI (pH 7.6) on day 8 after adipogenic
induction. Homogenates were sonicated and centrifuged
(13,400 x g) for 10 min at 4°C. Protein amounts in
supernatants were determined with the BCA assay and the
enzyme activities (U/ug protein/minute) were obtained
from the decline of absorbance of NADH at 340 nm.

Generation of a Bcl-2 stable cell line

3T3-L1 preadipocytes were transfected by
Lipofectamine 2000 with 2.5 pg of plasmid construct
carrying mouse Bcl-2 ¢cDNA in pcDNA3.1 (Life
Technologies, Carlsbad, CA, USA) or pcDNA3.1 (as the
Vehicle control). The following day, cells were then split

and pcDNA3.1-Bcl-2 and pcDNA3.1 stable cell lines
were selected by culture medium containing 500 pg/mL
G418 [18].

Immunoprecipitation and immunoblotting

For total cell lysate preparation, cells were lysed
with RIPA-B lysis buffer (150 mM NaCl, 200 mM
Na,HPO,, 1% Triton X-100, 0.1 M NaF, 2 mM Na,VO,,
1 mM PMSEF, 0.8 uM aprotinin, and 20 uM leupeptin).
Extraction of nuclear proteins was conducted with the
Compartmental Protein Extraction kit. The PureProteome
magnetic beads were used to pull down target proteins
from 500 pg total proteins. Twenty five micrograms
of total proteins were subjected to SDS-PAGE, and
then transferred to the Immobilon-P PVDF membrane.
Detection of specific proteins was performed with the
enhanced chemiluminescence blotting detection system
[18, 44, 45].

Total RNA extraction and reverse transcriptase
polymerase chain reaction (RT-PCR)

Total RNAs were extracted using the TRIzol
Reagent. Three micrograms of total RNAs were used to
generate cDNA using the RevertAid H Minus First Strand
cDNA Synthesis Kit. The cDNA primer sequences for
aP2 were 5-TCTCACCTGGAAGACAGCTCCTCCTCG-
3" (forward) and 5'-TTCCATCCAGGCCTCTTCCTT
TGGCTC-3' (reverse), for adiponectin were 5'-TGATGGC
AGAGATGGCACTC-3' (forward) and 5'-TTCTCCAGG
CTCTCCTTTCC-3' (reverse), and for the internal control
18S were 5'-GGGAGCCTGAGAAACGGC-3' (forward)
and 5'-CCGCTCCCAAGATCCAACTAC-3' (reverse).
PCR amplification was carried out as follows: initial
denaturation (95°C, 2 min); 30 and 25 cycles of 95°C 30 s,
56°C 30's, 72°C 30 s for aP2 and 18S genes, respectively;
a final extension step was 72°C for 5 min. For adiponectin
gene amplification, a ‘stepdown’ thermal procedure was
used: an initial 10 cycles of 94°C 30 s, 74 to 54 °C 15 s
(—2°C per cycle), 72°C 30 s, and followed by 94°C 30 s,
54°C 15 s, 72°C 30 s for 25 cycles, the final extension
step was 72°C for 5 min. The PCR products were analyzed
by agarose gel electrophoresis and visualized by ethidium
bromide. The relative levels of genes were normalized
with 18S expression.

Statistical analysis

Data were presented as the means + SEM.
Comparisons between experimental groups were
performed by using student’s #-test for two groups or
One-way ANOVA for more than two groups. If there are
significant difference in ANOVA test, Tukey’s method
was applied for multiple comparisons. Differences were
considered significant as the p value was less than 0.05.
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Symbols * and ** were used to represent the statistical
significances for p < 0.05 and p < 0.01 as compared to
control or the indicated group, respectively.
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