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Figure 4. Effects of quercetin on mRNA expression were analyzed by RT-PCR.
(A) Expression levels were normalized to the 3-actin mRNA level. (B) Data are
representative of 3 independent experiments and quantified by densitometric
analysis. "P<0.05 and “P<0.001, as compared with the value for the untreated
cells. FAS, fatty acid synthase; aP2, adipocyte fatty acid-binding protein.

on lipases, RT-PCR was performed. The results revealed that
there was a significant increase in the expression of ATGL
and HSL (Fig. 5A) following treatment with quercetin. The
mRNA expression levels of of ATGL increased by >4-fold
in a dose-dependent manner compared with the untreated
cells. In addition, the expression of HSL increased by >2-fold
compared with the untreated cells (Fig. 5B). It can be observed
from the results presented in Fig. 5 that LPL expression was
deceased in the OP9 adipocytes treated with quercetin.

Discussion

The present study demonstrated that quercetin inhibited the
differentiation of OP9 preadipocytes induced by hormone
cocktail treatment. In fact, treatment with quercetin decreased
adipogenesis in the differentiated OP9 cells, as indicated by
measurements of total lipid accumulation; quercetin also
downregulated the expression of key adipogenesis-related
transcription factors and their target genes. Moreover, we
demonstrated that the treatment of adipocytes with quercetin
enhanced lipolytic activity by increasing the expression levels
of lipases, thereby diminishing lipid storage in adipocytes.
OP9 mouse stromal cells have received attention as a new
useful model of rapid adipogenesis for the study of adipocyte
biology (20). Adipocyte differentiation in response to various
stimuli is a complex process involving coordinated changes in
hormone sensitivity and gene expression. Adipogenesis is char-
acterized by the accumulation of intracellular lipid droplets
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Figure 5. Effects of quercetin on mRNA expression were analyzed by RT-PCR.
(A) Expression levels were normalized to the -actin mRNA level. (B) Data are
representative of 3 independent experiments and quantified by densitometric
analysis. ‘P<0.05 and “P<0.001, as compared with the value for the untreated
cells. ATGL, adipose triglyceride lipase; HSL, hormone sensitive lipase; LPL,
lipoprotein lipase.

fully filled with TGs that are synthesized followed by lipogen-
esis with glycerol and fatty acids. Our findings indicated that
treatment with quercetin markedly decreased the accumulation
of intracellular TGs (Fig. 2). The number of lipid droplets in
the adipocytes was significantly decreased and the amount of
lipids in the cytoplasm also decreased following treatment with
quercetin.

Adipogenesis requires the sequential activation of
numerous transcription factors, including PPARy, C/EBPs and
SREBPs (7,21-23). The expression C/EBPa and PPARYy genes
is sequentially activated by early-phase transcription factors,
such as C/EBPf and C/EBP9, key transcription factors in the
adipogenesis (24). The expression of C/EBPa and PPARYy
increases the expression of downstream target genes that are
involved in TG metabolism and finally leads to fully differ-
entiated adipocytes (25). As shown by our data, the mRNA
and protein expression levels of C/EBPa and PPARY (Fig. 3)
were significantly decreased by treatment with quercetin
compared with the untreated cells. It has also been previ-
ously demonstrated that SREBP-1c plays an important role
in the regulation of the mRNA expression of genes involved
in adipocyte differentiation and fatty acid synthesis (26). In
this study, the expression of SREBP-1c was decreased in the
adipocytes treated with quercetin compared with the untreated
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cells. The fact that C/EBPa and PPARY are essential for the
intitiation of the cascade of transcription factors that lead to
adipogenesis and that SREBP-1c is associated with lipogenesis
and transcription, suggests that quercetin has ability to prevent
adipogenesis, as shown by our results.

Adipogenesis can be induced through changes in the
expression of programmed specific genes, such as FAS and
aP2. These genes are regulated by transcription factors, such
as PPARy, C/EBPa and SREBP-1c, which are known to be
critical activators of adipogenesis (5). The aP2 and FAS genes
are known as terminal differentiation markers of adipocytes.
The aP2 gene plays a central role in the pathway which links
obesity to insulin resistance and fatty acid metabolism. The
expression of the FAS enzyme is involved in lipoginesis and
leads to the activation of PPARy and SREBP-1c as a metabolic
cascade. This activation is also clearly able to cross-activate
the FAS promoter (27). In the present study, treatment with
quercetin induced the downregulation of the FAS gene, as
well as the aP2 gene (Fig. 4). Thus, quercetin may suppress the
downstream adipocyte-specific gene promoters, including aP2
and FAS, which are associated with adipocyte differentiation
and lipogenesis.

Since quercetin suppressed intracellular lipid accumulation,
we examined the effects of quercetion not only on transcrip-
tion factors involved in adipocyte differentiation, but also on
lipases, such as ATGL, HSL and LPL associated with lipolysis.
Previous studies have demonstrated that ATGL is capable of
hydrolyzing TGs and that the level of ATGL determines the
rate of lipolysis (14). ATGL selectively performs the first
step in TG hydrolysis resulting in the formation of DGs and
FFAs (12). HSL has been shown to exhibit broad substrate
specificity and is capable of hydrolyzing cholesterylester,
TGs, DGs and monoacylglycerol. The enzyme is most active
against DGs which are hydrolyzed ~10-fold nore rapidly than
TGs (28). In this study, quercetin significantly increased the
adipocyte mRNA levels of the major TG lipases, ATGL and
HSL. Treatment with quercetin stimulated lipolysis, indicated
by the increased expression of ATGL and HSL, leading to TG
hydrolysis. LPL is a main lipoprotein enzyme in fat cells and
is secreted into capillary vessels and cell envelopes and partici-
pates in lipoprotein metabolism (29). LPL is an early marker of
adipocyte differentiation that dissolves lipids in lipoproteins,
such as very low density lipoprotein (VLDL) and low density
lipoprotein (LDL) into one monoacylglycerol and two FFAs to
allow fatty acid entry into fat tissue; thus, the overexpression of
LPL indicates the initiation of lipid accumulation (30).

In our study, the mRNA expression level of LPL in adipo-
cytes treated with quercetin was markedly decreased by up
to 48.4%. This result indicated that quercetin suppressed the
accumulation of intracellular TGs by downregulating LPL and
upregulating ATGL and HSL (Fig. 5).

In the present study, we examined the effects of quercetin
on the differentiation of preadipocytes into adipocytes and the
mechanisms responsible for the prevention of adipogenesis.
Our data indicated quercetin suppressed the expression of
transcription factors, such as PPARy, C/EBPo. and SREBP-1c
and their downstream target genes, including FAS and aP2. In
addition, quercetin regulated the expression of enzymes asso-
ciate with lipolysis, such as ATGL,HSL and LPL. These results
suggest that quercetin has potential for use in the prevention of
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adipogenesis. However, further studies are required to explore
the full potential of quercetin in the management of obesity.
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