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Dissertation

“Obesity in Angiogenesis during Adipose Tissue Remodeling and Regenerative
Lung Growth.”

Obesity is regarded as the world epidemic affecting more than 1 billion
people, with one in every three adults being overweight in the US alone. Obesity
is a condition that is mostly caused by high calorie intake compared to
metabolized resulting in adipose tfissue dysfunction, excess lipid deposition on
other organs and homeostatic imbalance. This condition also causes systemic
inflammation and delayed healing. Obesity is a disease risk factor to various
diseases, especially, metabolic diseases, cardiovascular diseases, and some
cancers. Obesity causes endothelial cell (EC) dysfunction due to the
proinflammatory state supported by this condition. In this thesis we explore: the
effects of obesity on (1) human subcutaneous adipose ECs angiogenic activities
and (2) mouse lungs during compensatory regenerative growth.

Adipose, a versatile tissue used for storage of excess nutrients, can
expand through adipogenesis and angiogenesis during feast state and release
stored energy during starvation, undergoing constant remodeling. However, this
remodeling is disrupted under obese conditions. Transcription factor TWIST]
conftrols angiogenesis and vascular function. We hypothesize that obesity
affects the expression of TWISTT which has negative downstream effects to
angiogenic genes, thereby inhibiting angiogenesis in adipose tissue. Here we
isolated human adipose ECs of lean vs. obese individuals from human
subcutaneous adipose tissues. This study found that the levels of TWIST1 and
SLIT2 which controls angiogenesis are lower in endothelial cells (ECs) isolated
from obese (BMI >30) compared to those from lean (BMI <30) individuals. We
examined the effects of TWIST1 and SLIT2 by altering their gene expressions in
both conditions and studying their effects on angiogenic activities and vascular
formation using gel implantation system.

Overexpression of TWIST1 restores SLIT2 expression in obese adipose ECs.
Angiogenic activities such as EC migration and DNA synthesis are inhibited in
obese human subcutaneous adipose ECs compared to lean adipose ECs, while
TWISTT overexpression restores the effects. Obese adipose ECs inhibit blood
vessel formation in the gel. Overexpression of TWIST1 in obese ECs restores blood
vessel formation in the gel, while SLIT2 knockdown inhibits the effects. These
findings suggest that obesity impairs adipose tissue angiogenesis through TWIST1-
SLIT2 signaling.

The effects of obesity on lung vascular and alveolar morphogenesis during
lung regeneration remain unknown. In this thesis we investigate the effects of
obesity on lung regeneration focusing on the conftribution of adiponectin- an
adipokine, to angiogenesis and lung growth. We utilize unilateral
pneumonectomy (PNX)on leptin deficient (Lep©ob/ob) mice and adiponectin
knockout mice and angiogenic activities on human lung ECs to understand the



effects. This study demonstrated that regenerative lung growth and expression
of vascular endothelial growth factor VEGF, its receptor VEGFR2 and
transcription factor TWIST1 are induced by PNX, while the effects are inhibited in
Lepob/ob obese mice and adiponectin knockout mice. The levels of adiponectin,
increase in mouse lungs after unilateral PNX, while the effects are attenuated in
Lepob/ob obese mice. Adiponectin agonist, AdipoRon stimulates post-PNX lung
growth and vascular and alveolar regeneration in Lepok/ob obese mice.
Adiponectin stimulates angiogenic activities in lean and obese human lung
endothelial cells (ECs), which is inhibited by Twist1 knockdown. These findings
suggest that obesity impairs lung vascular and alveolar regeneration.

This thesis revealed potential candidate genes that contribute to the
dysregulation of adipose tissue remodeling and lung regeneration under obese
conditions. The modulation of these key genes could be potential therapeutic
measure to improve adipose remodeling and lung restoration and healing in
obese patients.
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