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Chronic overnutrition and lack of physical activity result
in excess deposition of adipose tissue and insulin re-
sistance, which play key roles in the pathophysiology of
type 2 diabetes and associated cardiovascular disease (1).
The expansion of adipose tissue mass in dietary-induced
obesity involves both hyperplasia and hypertrophy of adi-
pocytes, and these processes are associated with extensive
neovascularization mediated by the sprouting of endothe-
lial cells (ECs) from preexisting blood vessels (2). Normal
angiogenesis depends on the intricate balance between
angiogenic factors, such as vascular endothelial growth
factor (VEGF), fibroblast growth factors, and transform-
ing growth factor-B, as well as angiostatic factors, such as
angiostatin, endostatin, and the thrombospondins (3).
Under chronic overnutrition and obesity, adipocytes pro-
duce EC-specific mitogens and angiogenic factors that fa-
vor vessel formation. Furthermore, ECs produce growth
factors and cytokines that increase adipogenesis and fat
deposition (4,5). Thus, adipocytes and ECs interact to
regulate both adipogenesis and angiogenesis, and this in-
teraction prompts the expansion of the capillary bed in
conjunction with expanding regional adipose depots.
Adipogenesis is promoted by a network of transcription
factors, including the CCAAT/enhancer-binding proteins
(C/EBP)B, C/EBPS, C/EBPq, and peroxisome proliferator—
activated receptor y (PPARy) (6) (Fig. 1). Research from
our laboratory has confirmed that mammalian target of
rapamycin (mTOR)/ribosomal S6 kinase (S6K1) activation is
enhanced under conditions of overnutrition (1) and impacts
on PPARY-C/EBPa signals to regulate adipogenic differentia-
tion (6). To this point, mTOR/S6K1 signaling modulates cel-
lular growth, energy metabolism, nutrient availability, and
stress responses by assembling distinct signaling complexes
and pathways mediated by two different protein complexes,

mTOR complex 1 (mTORC1) and mTORC2 (1). Indeed,
mTORC1 and its complexes have been shown to positively
regulate adipogenesis and lipogenesis by activating sterol
regulatory element-binding proteins. This activation is me-
diated in both an mTOR/S6K1-dependent and mTOR/S6K1-
independent manner (7). Further, mTORC2 plays a key role
in adipogenesis by controlling protein kinase B (Akt) activity
in the early stage of adipogenesis, but this process is dispens-
able in the regulation of the function of the mature adipocyte
(6,7). In these processes, mTOR function is regulated by
Sam68 RNA-binding protein through mTOR alternative
splicing (8). One study reported that mice with ablated
Sam68 RNA-binding protein exhibit a lean phenotype as
a result of increased energy expenditure, decreased commit-
ment to early adipocyte progenitors, and defects in adipo-
genic differentiation, suggesting that an error in mTOR
transcript impaired by Sam68 decreases activities of the
mTORC1 pathway, resulting in a defect in adipogenesis (8).

There is also an important connection between the Akt/
mTOR signaling pathway and angiogenesis. For example,
activation of the Akt/mTOR pathway in tumor adipose
tissue can increase VEGF secretion through hypoxia-inducible
factor 1 (HIF-1)-dependent and -independent mechanisms
(5,9) (Fig. 1). Proinflammation cytokines and reactive oxygen
species are upregulated in obesity and insulin resistance in
part by the activation of mTOR signaling and contribute in
VEGF-mediated vascular permeability, thereby promoting oc-
ular neovascularization and proliferative diabetic retinopathy
(10). These studies provide a new light on the molecular in-
terplay between angiogenesis and adipogenesis in the patho-
genesis of obesity and the cardiorenal metabolic syndrome (1).

Endostatin, a cleavage product of the COOH-terminal
of collagen, is a potent inhibitor of EC proliferation and
migration and angiogenesis mediated by interaction with
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Figure 1—Chronic overnutrition activates mTOR/S6K1 signals to
prompt adipogenesis and angiogenesis, resulting in obesity, insulin
resistance, and the cardiorenal metabolic syndrome.

integrins on ECs (11). It has been shown that the systemic
administration of endostatin increases apoptotic activity of
tumor cells, decreases microvessel density, and regresses
primary tumors (11), suggesting that the antiangiogenic
effects of endostatin prevent neovascularization and support
tumor regression. In this issue of Diabetes, Wang et al. (12)
investigate the effect of endostatin in dietary-induced adipo-
genesis, angiogenesis, and obesity. This study convincingly
demonstrates that endostatin inhibited adipogenesis, angio-
genesis, and dietary-induced obesity, in part, through mech-
anisms independent of the endostatin role as an integrin
ligand. This investigation discloses that the antiadipogenic
mechanism of endostatin lies in its interaction with Sam68
RNA-binding protein in the nuclei of preadipocytes. This
interaction competitively impairs the binding of Sam68 to
intron 5 of mTOR, causing an error in mTOR transcription.
This consequently decreases mTOR expression and results in
decreased activities of the mTORC1 pathway, which in turn
leads to defects in adipogenesis. Therefore, these data sug-
gest that endostatin may prevent dietary-induced obesity
and its related metabolic disorders, including insulin resis-
tance, glucose intolerance, and hepatic steatosis, by inhibi-
tion of angiogenesis and adipogenesis through pathways that
modulate mTOR signaling and are integrin independent.
The observation that endostatin has both antiobesity
and antiangiogenic functions is translationally relevant as
endostatin becomes a potential application for antiobesity
therapy and the prevention of the cardiorenal metabolic
syndrome (1). It should be remembered that angiogenesis
may be viewed as “good” or “bad” in patients with obesity
and diabetes. For example, hyperglycemia and insulin re-
sistance prompt the generation of reactive oxygen species
and oxidative stress and inhibit endothelial nitric oxide
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synthase and HIF-1 activity, which result in the impair-
ment of myocardial angiogenesis and an inadequate de-
velopment of collateral blood vessels in patients with
diabetes and coronary artery disease (3,13). Conversely,
vasculopathy or excessive angiogenesis can participate in
various human diseases, including cancer, diabetes com-
plications, and impaired wound healing. Thus, it remains
to be determined how endostatin may work in patients
with dietary-induced obesity and the metabolic syndrome
as endostatin may have both positive and negative roles
in controlling obesity, diabetes, and associated cardiovas-
cular disease at different stages of weight gain and the
syndrome. In addition, rapamycin, an FDA-approved drug
that inhibits mTOR/S6K1 signaling, has been used for
coating coronary stents, treating renal cancer, and sup-
pressing the immune response (3). Indeed, rapamycin
may have potential benefit roles in dietary-induced obe-
sity by inhibition of angiogenesis and adipose tissue ex-
pansion via effects on mTOR/S6K1 signaling (1,12).
Future studies need to explore the impact of rapamycin
on endostatin production in the context of dietary-
induced obesity.

In summary, the study by Wang et al. (12) presents
important new evidence that endostatin effectively pro-
tects mice against dietary-induced obesity and related
metabolic disorders by the inhibition of adipogenesis
and angiogenesis. Further animal and potentially clinical
studies are needed to garner additional evidence that tar-
geting of endostatin has therapeutic utility in the atten-
uation of dietary-induced obesity and the development of
the cardiorenal metabolic syndrome.
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