< 2 Valley International Journals

VIJ COpen Access lournal

International Journal Of Medical Science And Clinical Inventions
Volume 3 issue 9 2016 page no. 2079-2087 e-I1SSN: 2348-991X p-1SSN: 2454-9576
Available Online At: http://valleyinternational.net/index.php/our-jou/ijmsci

The Role Of Adipose Tissue In Glucose Homeostasis

John A. Lyngdoh®", Evarisalin Marbaniang?, Marlina Sangma®

!Assistant Professor, Department of Physiology, NEIGRIHMS (Corresponding author)
2Assistant Professor, Department of Pathology, NEIGRIHMS
®Specialist Physiology, Department of Health and Family Welfare, Govt. of Meghalaya
Abstract: It is today established that adipose tissue subserves not only in the storage of excess energy
but it is also an organ that regulates immune response, metabolic and endocrine functions as well.
Broadly, there are three types of adipose tissue - the white adipose tissue (WAT) the brown adipose
tissue (BAT) and the brite adipose tissue. Brown adipose tissue expends energy and generates heat. It is
however the WAT that truely relates to the traditional belief that adipose tissue stores excess energy.
This review takes a step further in revealing that healthy WAT secretes adipokines which are molecular
proteins that regulates glucose homeostasis. However, when healthy WAT is transformed into an
inflamed WAT as in obesity, there is perturbation in the glucose homeostasis which further leads to the
development of metabolic disease. This review also explores the trend that is now followed in reversing
the inflammation of WAT by administration of drugs like thiazolidinediones, statins and aspirin. The
replenishment of WAT by transplantation of embryonic BAT is also highlighted as one of the promising
methods to reverse inflammation in WAT and correct perturbation of glucose homeostasis.
Keywords: White adipose tissue (WAT), Brown adipose tissue (BAT), Adiponectin, Leptin, Tumor Necrotic
Factor o (TNFa), Thiazolidinediones.

Introduction:  The Adipose tissue biology

It is said that adipose tissue has evolved mainly to
store excess energy. According to the first law of

Adipocyte is a specialized cell that can condense
and store more energy per unit mass anhydrously

thermo-dynamics, energy consumption equals the
sum of energy expended and energy stored. The
energy stored is the excess energy, which causes
increase in adipose tissue mass and results in
obesity. As the burden of obesity rises to 1.9
billion obese adults in 2014,[1] studies related to
obesity are also rising and there is a great interest
emerging in this field and in finding the role of
adipose tissue in obesity and in the control of
glucose homeostasis. These studies, have today
strongly implicated that adipose tissue is not just a
storage organ but an organ dealing with immune
response, metabolic, and endocrine functions as
well.

in the form of fat. Glycogen on the other hand has
only half the energy content per unit of pure mass
as it has to be stored hydrously which therefore
reduces its energy storage efficiency [2]. Adipose
depots that includes areas like fat pads of the
heels, fingers, toes, the periorbital area and skin
have been termed as subcutaneous fat. Depots
within body cavities, like surrounding the heart
and other organs, depots associated with intestinal
mesentery and depots in the retroperitoneum are
all together termed as visceral fat. Of the two,
visceral fat is linked to many morbidities
associated with obesity which include T2D (Type
2 Diabetes) and cardiovascular disease.
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Adipose tissue can also be broadly classified into
white and brown fat, chiefly due to morphological
appearance and similarly in accordance to the
origin and function. White adipose tissue (WAT)
is made up of adipocytes that contains large
unilocular lipid droplets whereas in brown adipose
tissue (BAT), the adipocytes contains multiple
smaller (multilocular) lipid droplets and numerous
mitochondria. WAT is found throughout the body
and consists of both the visceral fat and the
subcutaneous fat. BAT however is located in
depots that are highly innervated and vascularized.
As far as rodents are concerned, the brown
adipose tissue are located in the interscapular,
sub-scapular, cervical regions of the upper
anterior side of the trunk and neck and it also
grows around parts of the aorta and kidneys. BAT
stored in these areas are called classical BAT to
differentiate it from brown- adipocyte like cells
which are located within some of the WAT called
the Brite adipocytes [3]. WAT and BAT are
diametrically opposed in function and in the
regulation of energy homeostasis. WAT is
concerned with storage of energy whereas BAT
expends energy and generates heat by a process
known as adaptive thermogenesis. The generation
of heat in BAT is mediated by the uncoupling
protein -1(UCP-1) present in the inner membrane
of mitochondria which uncouples  oxidative
phosphorylation by permitting reentry of protons
into the mitochondrial matrix without involving
ATP synthase, thereby producing heat only and
not ATP [4]. Fedorenko and others, who
investigated the functioning of UCP-1, found that
UCP-1 is a fatty acid anion/H+ symporter [5] .
BAT recovers the energy expended by increasing
the uptake of glucose and fatty acid on stimulation
as evident from studies done in rodents [4].
Observation in mice have shown that lack of BAT
results in reduced energy expenditure and an
inclination to develop diet induced obesity[6,7].
However, lack of UCP-1 do not result in obesity
but makes the mice become cold-sensitive[7].
This probably lead to an inference that BAT
regulates energy metabolism through UCP-1 in a

manner not fully comprehensed [8]. It is important
to mention here of a third type of adipocyte called
as Brite adipocyte or sometimes known as beige
or inducible brown which co-exists among
classical white adipocytes. Morphologically, brite
adipocyte is indistinguishable from white adipose
tissue when unstimulated. However, on chronic
cold exposure brite adipocytes transform itself
into an adipocyte that is multilocular and that is
expressing UCP-1 which makes it similar to BAT
morphologically[9,10,11,12]. In mice, it is
estimated that the maximum capacity of brite
adipocyte to generate heat is only around 10% of
the maximum capacity of the classical brown
adipocyte. This can probably be because of the
lower number of UCP-1 expressed in brite than
the number of UCP-1 expressed in brown fat[13].
Since the brite adipose tissue lie within the white
adipose tissue and differentiate when exposed to
cold, it has been proposed that brite adipocytes
arises from existing mature white adipocytes by
the process of transdifferentiation. Another model
proposed that brite adipocytes takes origin from
distinct precursor cells [14,15].

Though brite adipocytes are morphologically
similar to brown adipocytes, however, the origin
of brown adipocytes is altogether a different story.
The BAT shares a common origin with skeletal
muscle as they both arises from a distinct
mesenchymal precursor cells. As for the origin of
white adipocytes, the story is complex and hazy
[3]. Lineage tracing analysis have indicated that
all white adipocytes originated from a Myf5-
negative ( myogenic factor -5) precursors.
However, some recent studies have shown that the
subsets of white adipocytes also arises from
Myf5-Cre-expressing precursors [3].

Adipose tissue in the control of glucose
homeostasis

Excess fat as in obesity or less fat as in
lipodystrophy, are both conditions that are
associated with hyperglycemia and insulin
resistance. This is an implication that any
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alteration in the adiposity can affect the control of
glucose homeostasis, and it also implies that
adipose tissue is important in the control of
glucose homeostasis. Moreover, adipose tissue is
where most PPAR-y are found on which
antidiabetic drug such as thiazolidinedione (TZD)
can effectively act. As a complex and highly
active endocrine organ, the white adipose tissue
secretes hormones which influences physiological
functions  including  nutrient  metabolism,
angiogenesis, satiety and immune response [2].
The principal hormones that are also referred to as
adipokines are adiponectin and leptin which are
important controllers of metabolic homeostasis[2].

Adiponection which was identified by various
workers under different names such as apM1,
GBP28, AdipoQ and ACR 30, is well known for
its insulin sensitizing effects on peripheral tissues.
This protein secreted in micromolar amount acts
on receptors, such as AdipoR1, AdipoR2 and T
Cadherin, stimulates AMP which in turn activates
protein kinase and also enhance the activity of
peroxisome proliferator-activated receptor- ¥
(PPAR-Y) pathway in liver and skeletal muscle
[2,16]. In this way, adiponectin increases fatty
acid oxidation, inhibits gluconeogenesis and
improves insulin sensitivity. It is interesting to
know that adiponectin also has anti-inflammatory
and anti-atheroselerotic effects suggesting that it
is an overall health promoting adipokine [16]. As
for its effect on insulin, adiponectin may improve
sensitivity to insulin but it has no control on
insulin secretion as far as healthy mice or humans
are concerned [17]. However in mice with diet-
induced obesity, adiponectin enhances glucose-
stimulated insulin secretion[17].

Leptin, is another adipokine secreted by WAT
which has a wide spectrum of functions. Leptin is
well known for its role in energy balance, its
central effects on reducing appetite and food
intake, its peripheral effects in increasing fat
oxidation in the liver, the adipose tissue itself and
also in the skeletal muscle. Leptin’s effect on

glucose homeostasis is seen in obese ob/ob mice
where it reverses hyperglycemia even before the
body weight is corrected [2,18]. In some cases of
obesity, though leptin level is high vyet
hyperglycemia remains uncorrected due to leptin
resistance  [19,20]. Leptin also  corrects
hyperglycemia in lipodystrophy in both mice and
humans[21,22]. It was through cross circulation
experiments between the ob/ob and the db/db
mice, that Coleman suggested that ob/ob mice
were leptin deficient whereas db/db mice suffered
from a disrupted leptin receptor function[23].
Leptin was discovered only in 1994 when the ob
gene was identified[24]. A single nonsense
mutation in the ob gene, as in ob/ob mice, leads to
the generation of a truncated form of leptin which
cannot be detected in circulation and resulting in a
condition of leptin deficiency [24]. Soon after
leptin was discovered, the leptin receptor (Lepr)
was also identified and the db gene encoding it,
was also discovered[25]. By encoding an
alternatively spliced transcript, db gene generated
six leptin receptor isoforms denoted as lepr-a to
lepr-f [26]. Failure of the normal splicing of lepr-b
isoform can occur when there is insertion
mutation in the db gene, as in db/db mice,
resulting in the truncation of the intracellular
signaling domain of Leptin receptor. This is an
implication that the isoform lepr-b is mainly
responsible for facilitating the action of leptin[26].

Both the ob/ob and db/db mice express phenotype
which is similar to T2D, consisting of obesity,
hyperglycemia, hyperinsulinemia and insulin
resistance. Some workers have suggested that the
peturbation of glucose homeostasis in both leptin
and leptin receptor defficiency is secondary to
obesity and hyperphagia[27]. But several workers
have shown evidence that the control of glucose
homeostasis by leptin is independent and is not
affected by leptin’s effect on food intake and body
weight [27]. Some studies have shown that leptin
administration in ob/ob mice reduces circulating
insulin and glucose levels and that this indicates
an increased in insulin sensitivity, which is far
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more effective than pair feeding. These
observations are implying that leptin actions on
glucose homeostasis is not caused by a reduced
food intake [28,29]. Other studies reported that
leptin administration in ob/ob mice lowered
circulating insulin and glucose level within a short
period of 1 to 2 days. The changes in the level of
insulin and glucose occurred before changes in
body weight could be observed[30,31]. Moreover,
evidences are showing that in leptin deficient
animal (ob/ob mice), administration of leptin is
more effective on glucose metabolism than on
body weight, as low doses of leptin can normalize
insulin and glucose levels yet failed to change
body weight or even food intake[18,32]. Besides
increasing insulin sensitivity, leptin has also been
found to lower glucose level by reducing the
levels of counter-regulatory hormones like growth
hormones, corticosterone and even glucagon in
insulin deficient rodents [27,33,34].

Today, we know of many other proteins that are
secreted by the adipose tissue such as visfatin,
omentin, TNFa and resistin that are linked to the
control of glucose homeostasis. Visfatin is a
protein which is reported to bind to and activates
insulin receptor resulting in facilitating glucose
uptake [35]. Omentin works as an insulin
sensitizer  which also  promotes glucose
uptake[36]. TNFa, on the other hand, reduces
insulin action. Insulin sensitivity is restored when
TNFa is blocked by biochemical and genetic
modes both in vivo and in vitro[2, 37]. Another
protein, which was discovered as a secreted
product of adipocytes in mice, is resistin. Resistin
appears to be reducing the uptake of glucose by
muscle and fat [2,38]. Besides TNFa, other
cytokines like IL-1, IL-6 and retinol binding
protein -4, which originated from WAT and
macrophages embedded there-in, have also been
implicated to have direct or indirect influences on
glucose homeostasis [2].

Adipose tissue inflammation and the
derangement of glucose homeostasis

Increase adiposity leads to obesity, a condition
that is today considered as an independent risk
factor for T2D, dyslipidemia and cardiovascular
disease[39]. It is the central type of obesity that
involves accumulation of fat in the viscera that
shows increased alteration at the metabolic level.
Again, obesity has been recently discovered to be
associated with a low — grade chronic
inflammation  featuring abnormal adipokine
production[39]. Some workers have revealed the
correlation between Body Mass Index (BMI) and
¢ Reactive Protein (CRP) levels in healthy
subjects and have implicated IL.6 for increased
CRP in obese subjects [40,41]. However, coming
back to TNFa, this molecule is considered to be
important in linking inflammation and obesity. In
animal models of obesity, WAT has been found to
over-expressed TNFa [39]. Some workers have
provided evidence that administration of
recombinant TNFa results in decrease insulin
sensitivity [42,43]. There are suggestions
therefore, that implicates over- secretion of TNFa
from WAT, in obese animal models, as the cause
of insulin resistance[39]. Molecules such as
TNFa, interleukin 1 and 6 increases inflammation
and this leads to insulin resistance which worsens
hyperglycemia and results in T2D. Inflamed WAT
also secretes other hyperglycemic adipokines such
as resistin and retinol binding protein 4- which
can  exacerbates the  perturbed glucose
homeostasis[15]. Pro- inflammatory cytokines
increases activation or over-expression of
signaling molecules such as Nuclear factor
kB(NF-kB) , IxB kinase (IKK), activating protein-
1 (AP-1) and c-Jan NH terminal kinase, which are
pathways interacting with insulin signaling
causing insulin resistance[39]. The production of
pro-inflamatory cytokines in obesity has opened
up new research questions as well as discussion
as to how these molecules are secreted by WAT.

In explanation to this, several studies have
indicated that fat cells share some features with
macrophages and that the preadipocytes in WAT
like the macrophages also have the capability to
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phagocytose [44,45]. Properties such as
complement activation and pro inflammatory
cytokine production are found to be common to
fat cells and immune cells [42,46]. Others have
suggested as per their findings, that adipose tissue
macrophages have a central role in promoting
chronic low-grade inflammation [47,48,49]. In
obesity, the macrophages are obstructed from
becoming alternatively activated macrophages
(AAM) by disrupting the function of nuclear
hormone receptor peroxisome proliferator-
activated receptor gamma (PPAR-x) and thereby
become macrophages that have a classically
activated inflammatory phenotype [47,48,49].
Another possibility is the increase infiltration of
macrophages in the adipose tissue (WAT) which
is seen in obese patient, which has been
implicated as the source of pro-inflammatory
cytokines and the cause of low-grade
inflammation[50,51].

Furthermore, the low-grade inflammation is a
result of a number of other factors occurring
concomitantly in obesity. Leptin could facilitate
migration by  promoting  diapedesis  of
macrophages from circulation to WAT. Monocyte
chemoattractant protein-1 (MCP-1) secreted by fat
cells in obesity is a monocyte recruiting factor.
Certain factors again secreted by WAT can
activate endothelial cells to increase monocyte
adhesion and enhance migration of macrophages
[52,53].

Tail-end: Reversing inflamed WAT

Taking into consideration the fact that
inflammation of the adipose tissue in obesity
causes perturbation of glucose homeostasis and
results in metabolic disease, it is therefore
important to maintain the health of adipose tissue
in order to prevent the unwanted consequences.
Reducing inflammation of the white adipose
tissue is therefore the key to improving the state of
health of adipose tissue and to reverse metabolic
diseases such as diabetes mellitus. In targeting

inflammation, drugs like thiazolidinediones have
been used to reduce adipocyte TNF-a production,
to decrease levels of resistin in circulation and in
adipose tissue, and to induce adiponectin
expression[54]. Statins have also been used to
inhibit pro-inflammatory cytokine production, to
interfere with the NF-xB pathway, to modulate
function’s of endothelium and to regulate
migration of leukocyte across the
endothelium[55].  Aspirin is also  anti-
inflammatory as it inhibits IKK and JNK
pathways. Aspirin prevents occurence of insulin
resistance, induced by TNFa, by inhibiting
serine/threoxine kinases [56]. Therefore the
actions of all these drugs reduces inflammation in
adipose tissue and eventually improves insulin
sensitivity [54,55,56].

Recovery of adipose tissue from inflammation is
also seen in T1D (Type 1 Diabetes) patients who
were treated with insulin replacement therapy
directly or even through transplantation of insulin
secreting tissue. Insulin is therefore important in
the maintenance of healthy adipose tissue[57,58].

Today, we see a ray of hope in the restoration of a
healthy WAT from an inflamed WAT and even in
the effort to reverse T1D without replacement of
insulin. The ingenuity of today’s research to
experiment with subcutaneous BAT
transplantation is a step in a new direction in the
replenishment of a healthy WAT. Embryonic
BAT transplantation in T1D mouse models have
shown to remarkably reduce WAT inflammation
and to induce proliferation of a healthy
subcutaneous WAT. Besides recovery from T1D
there is also a significant increase in the levels of
adiponectin, leptin, IGF-1 and the suppression of
glucagon [59,60,61]

In conclusion, understanding the biology of
adipose tissue in health and in disease will
certainly help increase the pace in the
development of newer and effective methods in
the treatment of metabolic disease. However,
more in depth studies need to be done to
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understand

the adipokines generated by the

adipocyte and especially to know how these
molecules can be put into application to correct
the perturbed glucose homeostasis and to cure or
prevent metabolic disease.
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