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Abstract

Adipose tissue is lipid storage organ. Lipogenesis and Lipolysis plays an important role in its metabolism. The
triglycerides either carried as chylomicrons or endogenous triglycerides packaged as Very Low Density
Lipoprotein (VLDL) are acted upon by the enzyme lipoprotein lipase to release fatty acids which are taken by
the AT and stored as triglycerides. The uptake and release of fatty acids by the adipose tissue is regulated by
LPL and the vasculature of AT.
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. Introduction:

Adipose tissue (AT) is one of the important organs that balances whole body energy status. Adipose
tissue maintains the balance by regulating storage and utilization of Triglyceride stores. The balancing act of AT
helps to protect tissues from lipid overload and lipo-toxicity.

Continued positive calorie intake leads to expansion of AT until it reaches it threshold of storage
beyond which AT capacity to store lipid decreases, results in leakage from AT and causes lipid accumulation in
peripheral organs leading deterioration of metabolic health.

The deleterious effects lipid accumulation are illustrated in cases with lipo-dystrophy and animal
models that lack adequate amounts of AT. The metabolic abnormalities expressed are ectopic lipid deposition,
hypertriglyceridemia, insulin resistance (IR) and probably type 2 Diabetes Mellitus (T2DM).
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Endothelial cells (ECs) are squamous cells that make up inner lining of all vessels,that regulate
multiple physiological processes, acting as a barrier between organs and the blood, overseeing the delivery of
nutrients and oxygen to the underlying tissue. ECs are heterogenous cell population with distinct morphological
and functional characteristics according to vessel size, anatomical location and local metabolic demand.
Microvessels or capillaries are lined by thin layer of ECs encased by a supporting medium of pericytes allowing
them deliver gases, fluids and macromolecules to the parenchyma.

Transport across the microvascular epithelium differ from tissues and capillary types. There are two
transport, paracellular and transcellular. Paracellular transport is unregulated movement of macromolecules
between ECs and the underlying tissue. Transcellular transport is regulated by transporters though the ECs.
Vascular function in these systems is tightly regulated. AT has a continuous non-leaky AT vasculature helps to
regulate the quantity and types of macromolecules taken up stored and released by AT.

Highly vascularized AT has each adipocyte lie adjacent to each other having one micro-vessel in the
lean status. ECs help adipocyte to cross talk to enable continuous regulation of AT lipid dynamics in response to
changes in systemic energy levels, ensuring

1. Adequate storage and release
2. Impact on the capacity of the AT to expand during weight gain and obesity.

AT Vasculature

AT vasculature helps to selectively deliver nutrients for energy usage and storage acting as a
differentiation niche and regulating hyperplastic adipose tissue expansion and release of adipokines and
hydrolyzed fatty acids via the vasculature possibly through the lymphatics. In other words like liver AT acts as a
buffer for whole body fed and fasting lipid fluxes. It is reported that administration of C ** labeled TAG, 34g of
lipid is fluxed through AT of a stable weight individual .

Circulating fatty acid uptake at AT after hydrolysis of triglycerides with capillary lipoprotein lipase
(LPL) anchored to the luminal side of AT ECs, fatty acids are transported to the endothelial cells. ECs don’t
express LPL but express LPL-anchoring protein, glycosyl phosphatidyl inositol anchored to HDL binding

proteinl (GPIHBP1).
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Fig.2. Lipoprotein Lipase action- heparin releasable, apoprotein CII activating enzyme

The synthesis and release of LPL by adipocyte cooperate with endothelial expression of GPIHBP1
helps paracrine cross talk for endothelial uptake of FA uptake. LPL promoted release of fatty acids are
partitioned to AT in the fed state and towards skeletal muscle during fasting state. Angiopoietin like protein
(ANGPTISs) regulate local LPL activity. ANGPTL4 is upregulated in AT upon fasting and down-regulated LPL
during fasted state by limiting Fatty acid uptake by AT. ANGPTL3 and 8 cooperate to limit FA uptake by
muscle in the fed state. ANGPTL 8 released by AT and liver upon feeding suppresses LPL activity promoting
FA uptake by AT
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Fig.3. Inhibition of LPL activity by ANGPL4

ANGPLA4- Angiopoietin like protein 4, FA- fatty acid; LPL-lipoprotein lipase
In the fed state, ANGPL8 binds to ANGPL4 during the fed state, stimulates LPL activity and the
released fatty acids are stored in the AT.
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Fig. 4 Angiopoietin like Proteins role in Fatty acid uptake in adipose tissue/skeletal/heart muscle

ANGPL- angiopoietin like LPL- lipoprotein lipase activity

Mutations in LPL with inactivating result cause early onset of hypertriglyceridemia and gain of
function ones results in a protective phenotype against metabolic disease. Mutations in in LPL interacting
proteins (GPIHBP 1 and ANGPTLs) cause hyperlipidemia.

Therefore, LPL activity and fatty acid uptake in AT regulate and maintain metabolic balance and
metabolic health.
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Vesicle mediated transport through the adipose tissue epithelium involves capillary endothelial cells.
These ECs have great numbers if vesicles on the surface to transport small volumes of plasma and interstitial
fluid across the endothelial barrier via vesicular transcytosis.

Adipocyte ECs are rich in caveolae concentrated around sphingolipid and cholesterol domain within
the endothelial surface.

Caveolins 1 and 2 and cavins 1 and 2 are the main proteins that regulate adipocyte Caveolar formation.
Studies in knockout mice have shown that a functioning caveolae play an important role in the development and
functions of AT.

The recent findings of exchange of cargo and plasma membrane fragments between ECs and
adipocytes show that Caveolae-type vesicles may mediate cross talk between ECs and adipocyte within the
tissue. Caveolin containing vesicles and endothelial cells play an important role in Adipocyte function. The EC-
derived extracellular vesicles is regulated by glucagon, providing possible evidence to show EC-adipocyte cross
talk is regulated by hormones.

ECs secrete few fat acid binding proteins (FABP) including C 36, which seem to play a role in the
ferrying of molecules between ECs and Adipocytes. Very low density lipoprotein receptor (VLDLR) is
implicated in postprandial uptake peripheral triglyceride in adipose tissue and skeletal muscle. VLDLR is also
reported to interact with LpL to promote fatty acid release and vesicular transcytosis of whole lipoproteins to the
parenchymal cells. Therefore, further studies are required to fully understand the cross talk and adipose tissue-
EC axis along with LpL’s role in regulating adipose tissue lipolysis and lipogenesis.

If liver is considered as a glucostat with glucose-6-phosphatase acting as a regulator, adipose tissue can
be called as a Lipostat with LPL acting as a regulator.
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