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Abstract:

Adipose tissue is not considered anymore as a passive depot for storing excess energy in the form of
triglycerides but as an active organ secreting several hormones or adipokines. This review gives
some knowledge about history of discovery, ways of measurements, and biochemical and

pathophysiologica effects of adiponectin.
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diponectin  (Synonyms  Acrp30,
A GBP28, AdipoQ, apM1 gene product)

is a novel adipocyte secreting
hormone discovered in 1995/1996. It is a
collagen-like plasma protein (247 amino
acids) specificaly synthesized in adipose
tissue. It account for about 0.05-0.1% of tota
serum proteins. It is composed of N-terminal
collagen-like sequence and a C-terminal
globular region. It circulates in serum as three
distinct oligomers: trimer, hexamer, and an
even higher molecular weight species™®. It
has several metabolic functions.

History of discovery

Adiponectin  was originally identified
independently by four groups of scientist
using different approaches, given different
names at time of discovery.

i. Scherer et al. (1995): describe a novel
30-kDa secretory protein
nominated as, Acrp30, (adipocyte
complement-related protein), that
is exclusively synthesized in
adipose tissue and secreted into
serum. Its mRNA is induced over
100-fold during adipocyte
differentiation. Acrp30 is a
relatively abundant serum protein,
accounting for up to 0.05% of tota
serum protein, contained 247
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amino acids with a predicted
molecular mass of 28 kDa. Acrp30
consists of an amino-terminal
signal sequence, followed by a
stretch of 27 amino acids that does
not show sgnificant homology to
any protein in the Gen-Bank data
base and then by 22 perfect Gly-X-
Pro or Gly-X-X repeats. The
carboxyl-terminal globular domain
exhibits striking homology to a
number of proteins, such as the
globular domains of type VIII and
type X collagens, the subunits of
complement factor Clg and a
protein found in the serum of
hibernating animals during the
summer months.  Structuraly,
albeit not at the primary sequence
level, the protein resembles the
lung surfactant protein and the
hepatocyte mannan-binding
protein, both of which have
collagen-like domains and
globular domains of similar size”.

ii. Nakano et al. (1996): purified and

obtained a novel protein, GBP28
(gelatin-binding protein of 28
kDa) by the use of affinity to
gelatin-Cellulofine, from human
plasma. GBP28 bound to gelatin-
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Cellulofine could be euted with 1
M NaCl. By analysis of its amino-
terminal amino acid sequences and
the peptides obtained by protease
digestion, GBP28 was identified as
a novel protein, in comparison
with other proteins in the Gen-
bank data base™*.

iii. Maeda et al. (1996): isolated a novel

adipose-specific gene, apM1, the
transcript of which is the most
abundant in the mRNA population
from human adipose tissue.
Northern blotting revealed that the
human apM1 gene transcript is
exclusively expressed in adipose
tissue. The apM1 gene encodes a
244 amino acid open reading
frame containing a putative signal
sequence and G-X-Y repeats (66
amino acids) followed by a cluster
of aromatic residues near the C
terminus  having high locd
similarity with collagens X and
VIl and complement factor Clq.
Thus, apM1 is likely to be a novel
collagen-like secretory protein
exclusively produced by adipose
tissue’.
The assumed amino acid sequence
of cDNA clone apM1 contained all
the sequences of GBP28 and its
peptides. Therefore, it is evident
that the cDNA clone &Ml
encodes GBP28 and the protein is
specific to adipose tissue.

iv. Hu et al. (1996): Using an mRNA
differential display technique, they
isolated a novel adipose cDNA,
termed adipoQ. The adipoQ cDNA
encodes a polypeptide of 247
amino acids with a secretory signal
segquence a the amino terminus, a
collagenous region (Gly-X-Y
repeats), and a globular domain.
The globular domain of adipoQ
shares significant homology with
subunits of complement factor
Clq, collagen alpha 1(X), and the
brain-specific factor cerebdlin.
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The expression of adipoQ is highly
specific to adipose tissue in both
mouse and rat. Expression of
adipoQ is observed exclusively in
mature fat cells as the stromal-
vascular fraction of fat tissue does
not contain adipoQ mMRNA. In
cultured 3T3-F442A and 3T3-L1
preadipocytes, hormone-induced
differentiation dramatically
increases the level of expression
for adipoQ. Furthermore, the
expression of adipoQ MRNA is
significantly reduced in the
adipose tissues from obese mice
and humans’.

M easur ement of adiponectin

Blood samples for measurement of fasting
plasma adiponectin concentrations were
drawn with prechilled syringes, transferred
into three prechilled EDTA 10ml tubes and
placed on ice packs. They were obtained at
fasting early in the morning, and the serum
was immediately separated by cold-
centrifugation (4°C) within several minutes of
collection and stored at -20°CY, or -70°C or
even a -130°C or ocolder until assay.
Adiponectin is measured by:

i. Enzyme-linked immunosorbent assay
(ELISA): Arita et al. (1999),
established the method for the
determination of plasma
adiponectin levels usng ELISA
technique, employing an
adiponectin-specific ~ antibody’.
Plasma levels of adiponectin in
human are substantially high, up to
5 to 10 pg/mL on average, thus
accounting for  approximately
0.01% of total plasma protein.
Interestingly, plasma levels are
negatively correlated with body
mass i ndex®°.

ii. Radioimmunoassay (RIA) method:
Plasma adiponectin concentrations
were measured by competitive
radioimmunoassay (Linco
Research Inc, St Charles, Mo)
utilizing a highly purified antibody
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raised against recombinant human
adiponectin. Plasma adiponectin
level in norma control people
range between 11.6-22.9 (16.5
mg/L)lo,ll_
Receptors and mechanism of action of
adiponectin
As adiponectin is a protein hormone, it
receptors islocated in the cell membrane.
It was reported that the cloning of adiponectin
receptors in the skeletal muscle (AdipoR1)
and liver (AdipoR2), which appear to
comprisea novel cell-surface receptor family.
They showed that AdipoR1 and AdipoR2
serve as receptors for globular and full-length
adiponectin and mediate increased AMP-
activated protein kinase (AMPK), peroxisome
proliferator-activated  receptor-a.  (PPAR
a)ligand activities, and glucose u;atake and
fatty-acid oxidation by adiponectin'.
The levels of AdipoR1 and AdipoR2 mRNA
expression in the liver and skeletal muscle
increased after fasting, and refeeding rapidly
restored these to levels equa to the original
fed state
These observations suggested that insulin may
negatively regulate AdipoR1/R2 mRNA
levelsin physiological and pathophysiological
states such as fasting/refeeding, insulin
deficiency, and hyperinsulinemia models, and
it is correlated with  adiponectin
sensitivity™ 4,
In skeletal muscle, both globular and full-
length adiponectin activate AMPK, thereby
stimulating phosphorylation of ACC, fatty-
acid oxidation, and glucose uptake.
Adiponectin activates PPAR a, thereby also
stimulating  fatty-acid  oxidation  and
decreasing tissue TG content in muscle. In the
liver, only full-length adiponectin activates
AMPK, thereby reducing molecules involved
in gluconeogenesis  and increasing
phosphorylation of acetyl coenzyme-A
carboxylase (ACC) and fatty-acid oxidation.
Adiponectin activates PPAR a, thereby
stimulating  fatty-acid  oxidation  and
decreasing tissue TG content in the liver'® *°,
Obesity decreased expression levels of
AdipoR1/R2, thereby reducing adiponectin
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sensitivity, which findly leads to insulin
resistance™® .

In 2007 adiponectin receptors 1 and 2 mRNA
expression in human breast cancer cells were
demongrated. It was suggested that
adiponectin might modulate the growth of
normal breast epithelial cells and breast
cancer cells directly through AdipoR1 and
AdipoR2 receptors, and that the association of
low serum adiponectin levels with a high
breast cancer risk might be explained, at |east
in part, by the direct effect of adiponectin on
the breast epithelial cells'.

Function of adiponectin
Adiponectin is involved in a number of
metabolic processes, such as glucose
regulation and the metabolism of fat for
energy production.
Effects of Adiponectin on Insulin and
Glucose M etabolism

A. Insulin-sengtizing effects of

adiponectin: Many mechanisms are

involved as.
i. Adiponectin decreases tissue TG
content. Increased tissue TG
content has been reported to

interfere  with insulin-stimulated
phosphatidylinositol (PI) 3-kinase
activation and subsequent glucose
transporter 4 trandocations and
glucose uptake, leading to insulin
resistance’’. Thus, decreased tissue
TG content in muscle may
contribute to the improved insulin
signal transduction. Interestingly,
in skeletal muscle, adiponectin
increases expression of molecules
involved in fatty-acid transport
such as CD36, in combustion of
fatty-acid such as acyl-coenzyme
A oxidase, and in energy
dissipation such as uncoupling
protein 2. These changes led to
decreased tissue TG content in
skeletal muscle whether in
experimental animals or in
human'® 2.
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" Direct insulin-sensitizing effect of
adiponectin: an insulin-resistant
lipoatrophic diabetic mouse model
that displays both adiponectin and
leptin deficiency was employed?.
Replenishment of a physiological
dose of recombinant adiponectinto
the lipoatrophic diabetic mice
significantly ameliorated insulin
resstance’®. Moreover, insulin
res stance in lipoatrophic mice was
completely reversed by the
combination of  physiological
doses of adiponectin and leptin,
but only partidly by either
adiponectin or leptin alone™.
These data clearly indicate that
adiponectin has a direct insulin-
sensitizing action. These data also
suggest that leptin and adiponectin
may be the two major insulin-
sensitizing hormones  secreted

from adipose tissue.

" Decreased adiponectin  and its
receptors in obesity: It has been
suggested that in obese people the
decrease in adiponectin may play
causal roles in the development of
insulin resistance. AdipoRY/R2 are
also decreased in obese people
which will cause a decrease in
adiponectin sensitivity, and finally
leads to insulin resistance, and
diabetes™.

B. Effect of adiponectin on glucose
metabolism:
It has been reported that an acute increase in
circulating adiponectin levels triggers a
transient decrease in basal glucose levels by
inhibiting both the expression of hepatic
gluconeogenic enzymes and the rate of
endogenous glucose production in both wild-
type mice and a type 2 diabetes mouse
model %%,

Studies in severely obese Pima Indian
subjects, (who have the highest known
prevalence of obesity and type 2 diabetes in
the world), have shown that subjects with
high concentrations of adiponectin were 40%
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less likely to develop type 2 diabetes than
those with low concentrations after
adjustment for body mass index (BMI),
indicating that adiponectin could be used as a
predictor of future development of type 2
diabetes in addition to the established risk
parameters, such as BM1%* %,

Furthermore, Kubota et a provided the first
direct evidence that adiponectin plays a
protective role againg insulin resistance by
generating adiponectin-deficient mice.
Heterozygous adiponectin-deficient  (adipo
(+/-)) mice showed mild insulin resistance,
while  homozygous adiponectin-deficient
(adipo (-/-)) mice showed moderate insulin
resistance with glucose intolerance despite
body weight gain similar to that of wild-type
mice™.

It seems from the above data that adiponectin
may provide a novel treatment modality for
insulin resistance and type 2 diabetes.

Effects of Adiponectin on Lipid
M etabolism
A. Effect of adiponectin on fatty-acid
oxidation:

Adiponectin participates in regulating
energy balance by promoting lipid
oxidation. It has been shown that FFA
oxidation of adiponectin is due to
activation of AMP-Kinase (AMPK)
and peroxisome proliferator-activated
receptor (PPARa) in the liver and
skeletal muscle. In skeletal muscle,
both  globular and  full-length
adiponectin activate AMPK, thereby
stimulating phosphorylation of acetyl-
CoA carboxylase (ACC), fatty-acid
oxidation, and glucose uptake. While
in the liver, only full-length
adiponectin activates AMPK, thereby
reducing molecules involved in
gluconeogenesis and  increasing
phosphorylation of ACC and fatty-
acid oxidation. Adiponectin activates
PPARa, thereby stimulating fatty-acid
oxidation and decreasing tissue TG
content in the liver®®?"%,
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B. Effects of adiponectin on plasma
lipids:
Adiponectin decreases lipid synthesis
and glucose production in the liver and
causes decreases in glucose and free
fatty acid concentrations in the blood.
In addition, triglyceride production is
decressed and fat oxidation and
energy dissig)ation in the muscle are
increased?” %,
Adiponectin decreases body weight
whether acting centrally on the brain
by raising the metabolic rate while not
affecting the appetite or acting
peripherally by reducing lipid content
in the body tissues whether in human
or animal studies'®?,

Adiponectin and the pathophysiology of
obesity:

It had been demonstrated that the expression
of adipoQ mRNA is significantly reduced in
the adipose tissues from obese mice and
humans®. Then many studies have shown that
the plasma adiponectin concentration is
negatively correlated with body mass index
(BMI) and accordingly, lower in obese than in
lean subjects™**.  Furthermore, scientist
extended these finding by demonstrating that
plasma adiponectin  concentrations are
inversely related to percent body fat, a direct
measure of adiposity, and that this is
consistent across different ethnic groups. And
these results thus confirm that adiponectin is
the only adipose-specific protein known to
date that, despite its exclusive production in
white adipose tissue, is negatively regulated in
obesity. This agrees with findings in rodents
where the murine homologue of adiponectin,
adipoQ, is also down-regulated in obesity and
in obese humans, in which they reported a
decreased of apM1 gene expression in
subcutaneous and visceral adipose tissue® ® *,
These scientific data suggest that adiponectin
may have a role in the pathogenesis of
obesity.

Anti-inflammatory Action of Adiponectin
A. Functions  of adiponectin  in
hematopoiesis and immune responses:
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Macrophages play a central role in
immune responses by means of
secretion of inflammatory cytokines
(as TNF), phagocytic activity, and
antigen presentation®. Yokota et a
showed that adiponectin  suppresses
functions of mature macrophages,
inhibiting their phagocytic activity and
their production of TNF-aphainduced
by bacterial lipopolysaccharides (LPS)
which suggest that adiponectin may
have anti-inflammatory effects. But
adiponectin  did not  suppress
proliferation of erythroid or lymphoid
cell lines except for one cell line®®.
Adiponectin seems to produce its
effects on hematopoiess and immune
responses by means of mechanisms
independent of PGE, because
indomethacin, an inhibitor of PGE
synthesis, could not abrogate
adiponectin-induced suppression of
colony formation and TNF-a
expression®.
The role of adiponectin in
hematopoietic stem cell function was
investigated and it was found that
adiponectin is expressed by adipocytes
in the bone marrow and that
adiponectin receptors are expressed by
hematopoietic stem cells. Adiponectin
increases  the  proliferation  of
hematopoietic stem cells and retains
them in a functionally immature state.
Adiponectin signaling is required for
optimal proliferation of hematopoietic
stem cells in vitro and in long term
hemopoietic recongtitution in vivo®’.
B. The effect of adiponectin on bone: It
was demonstrated that adiponectin
stimulates osteoblast growth but
inhibits osteoclastogenesis, probably
via an effect on stromal cells®.
C. Anti-leukemic action:

Adiponectin inhibits the growth of an
acute myelomonocsytic cell line, by
inducing apoptosis™.

The anti-inflammatory effects of adiponectin

on blood vessels (antiatherogenic effect) have

been discussed below.
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Antiather osclerotic actions of Adiponectin:
Atherosclerotic diseases are the leading cause
of death in developed countries and part of
developing countries. Therefore, measures
against atherosclerosis are the biggest medical
subject in the 21st century®.
Atherosclerotic cellular changes consist of
basically the following three cellular
phenomena: monocyte  adhesion  to
endothelial cells by the expression of
adhesion molecules, oxidized LDL uptake of
macrophages through scavenger receptors,
and proliferation of migrated smooth muscle
cells by the action of platelet-derived growth
factors or heparin-bi ndin% endothelial growth
factor—like growth factor®.
Adiponectin has potential inhibitory activities
of these atherogenic cellular phenomena, i.e.,
it has a potential antiatherogenic activity as
follows:

i. Adiponectin was demonstrated to

strongly inhibit the expression of

adhesion molecules, including
intracellular adhesion molecule-1,
vascular cellular adhesion

molecule-1, and E-selectin™.

ii. Adiponectin was shown to inhibit the
TNF-o—induced nuclear factor- kB
activation through the inhibition of
kB phosphorylation, which might
be a maor molecular mechanism
for the inhibition of monocyte
adhesion to endothelial cells™*.

iii. Adiponectin inhibits lipid-laden foam
cell formation  (which s
considered a key step in the
pathogenesis of atheroscleross);
by reducing lipid accumulation
(LDL) in human monocyte-derived
macrophages through an inhibition

of clas A MSR (class A
macrophages scavenger
receptors)™.

iv. Adiponectin inhibits the proliferation
and migration of vascular smooth
muscle cells. This inhibition was
shown to be attributable to the
binding competition to platelet-
derived growth factor-BB receptor
of adiponectinand the inhibition of
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signal transduction  through
extracellular signal-related kinase
(ERK)45’46.

v. Anti-oxidant action: Hui et a

described a novel vascular action
of full-length adiponectin to
stimulate production of NO (nitric
oxide) from endothelial cells.
Thus, adiponectin mimics vascular
as well as metabolic actions of
insulin®™,
The ability of adiponectin to
stimulate production of NO in the
vasculature  may lead to
vasodilation and increased blood
flow that contributes to the effects
of adiponectin to enhance glucose
disposal. Moreover, the production
of NO in the vasculature in
response to adiponectin may aso
contribute to its anti-atherogenic
properties. The fact that insulin
and adiponectin regulate activation
of eNOS (endothelial nitric-oxide
synthase) by dlightly different
mechanisms suggests that
therapies designed to increase
adiponectin  levels may be
beneficial in the treatment of
insulin resistance, diabetes, and its
vascular complications®.

vi. More over it was reported that HMW
form of adiponectin has selective
suppression of endothelial cell
apoptosis via AMPK activation®.

It is well known that in humans, many
offensive factors are present, including
oxidized LDL, inflammatory stimuli, and
chemical substances that may induce vascular
injuries which will end into atherosclerosis.
Scientist have demonstrated experimentally
that adiponectin may go into the injured
arteries and protect against the development
of atherogenic vascular changes, in which
they showed that neointimal thickening of
damaged arteries is exacerbated in
adiponectin-deficient mice and is inhibited by
exogenous adiponectin, due to its suppressive
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effect on the inflammatory cytokines and
adhesion molecules™*,
Furthermore, clinically, many scientists have

reported that there is a low plasma
adiponectin concentrations in patients with
coronary  artery  disease,  myocardial

infarction™ and is also associated with some
risk factors of cardiovascular disease, such as
high blood pressure, obesity, and type Il
diabetes mellitus”*>®2,

Therefore, adiponectin might be considered as
firefighters who control the “fire’ of the
vascular wallswhile it is still small.

In conclusion:

Adipose tissue is not considered anymore as
a passive depot for storing excess energy in
the form of triglycerides but as an active
organ secreting several hormones or
adipokines.

Levels of adiponectin are inversely correlated
with body mass index (BMI), and it seems to
play a role in helping to stave off or
ameliorate disorders such as obesity, diabetes,
atherosclerosis cardiovascular disorders, and
even malignancy.

Therefore, adiponectin levels hold great
promise for use in clinical application serving
as a potent indicator of underlying metabolic
complications.

References:

1. Tsao TS, Murrey HE, Hug C et a.
Oligomerization state-dependent activation of
NF-kappa B signaling pathway by adipocyte
complement-related protein  of 30 kDa
(Acrp30). JBiol Chem. 2002; 277:29359-62.

2. Scherer PE, Williams S, Fogliano M et a. A
novel serum protein similar to C1q, produced
exclusively in adipocytes. J Biol Chem. 1995;
270: 26746-26749.

3. Maeda K, Okubo K, Shimomura | et al.
cDNA cloning and expression of a novel
adipose specific collagen-like factor, apM1
(adipose most abundant gene transcript 1).
Biochem Biophys Res Commun. 1996;
221:286-289.

4. Choi-Miura NH, Tobe T, Sumiya J et al.
Purification and characterization of a novel
hyaluronan-binding protein (PHBP) from
human plasma: it has three EGF, akringle and
a saine protease domain, similar to

© Sudan JMSVal. 4, No. 3, Sept 2009

303

10.

11.

12.

13.

14.

15.

16.

Adiponectin

hepatocyte growth factor activator. J
Biochem. 1996; 119: 1157-65.

Nakano Y, Tobe T, Choi-Miura NH et al.
Isolation and characterization of GBP2 8, a
novel gelatin-binding protein purified from
human plasma. J Biochem (Tokyo). 1996; 120:
803-812.

Hu E, Liang P, Spiegelman BM. AdipoQ isa
novel adipose-specific gene dysregulated in
obesity. J Biol Chem. 1996; 271 10697-
10703.

AritaY, Kihara S, Ouchi N, et a. Paradoxical
decrease of an adipose-specific protein,
adi ponectin, in obesity. Biochem Biophys Res
Comm. 1999; 257:79-83.

Christian Weyer, Tohru Funahashi, Sachiyo
Tanaka et al. Hypoadi ponectinemia in
Obesity and Type 2 Diabetes: Close
Association with Insulin  Resistance and
Hyperinsulinemia. The Journal of Clinical
Endocrinology & Metabolism. 2001; 86:
1930-1935

Hotta K, Funahashi T, AritaY et a. Plasma
concentrations of a novel, adipose-specific
protein, adiponectin, in type 2 diabetic
patients.  Arterioscler Thromb Vasc Biol.
2000; 20: 1595-9.

Tobias Pischon, Cynthia J. Girman, Gokhan S.
Hotamidligil, et d. Plasma Adiponectin
Levels and Risk of Myocardia Infarction in
Men. JAMA. 2004;291:1730-1737

Tobias Pischon, Gokhan S. Hotamidligil and
Eric B. Rimm. Adiponectin: Stability in
Plasma over 36 Hours and Within-Person
Variation over 1 Year Clinical Chemistry.
2003; 49: 650-652.

Yamauchi T, Kamon J, Ito Y et a. Cloning of
adi ponectin receptors that mediate antidiabetic
metabolic effects.Nature. 2003; 423:762-9.
Tsuchida A, Yamauchi T, Ito Y et 4d.
Insulin/Foxol pathway regulates expression
levels of adiponectin  receptors and
adiponectin sensitivity. J Biol Chem. 2004,
279:30817-30822.

Tsuchida A, Yamauchi T, Kadowaki T
[Nuclear receptors as targets for drug
development: molecular mechanisms for
regulation of obesity and insulin resistance by
peroxisome proliferator-activated receptor
ganma,  CREB-binding  protein, and
adiponectin. J Pharmacol Sci. 2005; 97:
164-70.

Kadowaki T, Yamauchi T. Adiponectin and
adiponectin receptors. Endocr Rev. 2005;
26:439-51.

Takahata C, Miyoshi Y, Irahara N et a.
Demonstration of adiponectin receptors 1 and
2 mRNA expression in human breast cancer
cells. Cancer Lett. 2007; 250: 229-36.



Al-Noaemi M and Shalayel M H F.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Shulman GI. Cellular mechanisms of insulin
resistance. J Clin Invest 2000;106:171-176.
Godoy-Matos AF, Bahia LR, Domingues RC
e a. Adiponectin  is related to
intramyocellular lipid content in non-diabetic
adults. J Endocrinol Invest. 2009 Jul 28.
[Epub ahead of print].

Yamauchi T, Kamon J, Waki H et al. The fat-
derived hormone adiponectin reverses insulin
resistance associated with both lipoatrophy
and obesity. Nat Med. 2001; 7: 941-946.
Thamer C, Machann J, Tschritter O et al.
Relationship between serum adiponectin
concentration and intramyocellular lipid stores
in humans. Horm Metab Res. 2002; 34:646-9.
Yamauchi T, Waki H, Kamon J et al.
Inhibition of RXR and PPART ameliorates
diet-induced obesity and type 2 diabetes. J
Clin Invest. 2001; 108:1001-1013.

Berg AH, Combs TP, Du X e a. The
adipocyte-secreted protein Acrp30 enhances
hepatic insulin action. Nat Med. 2001; 7:947—
953.

Combs TP, Berg AH, Obici S e 4.
Endogenous glucose production is inhibited
by the adipose-derived protein Acrp30. J Clin
Invest. 2001; 108:1875-1881.

Lindsay RS, Funahashi T, Hanson RL et d.
Adiponectin and development of type 2
diabetes in the Pima Indian population.
Lancet. 2002; 360:57-58.

Takashi Kadowaki and Toshimasa Y amauchi.
Adiponectin  and Adiponectin  Receptors.
Endocrine Reviews.2005; 26: 439-451.
Kubota N, Terauchi Y, Yamauchi T et al.
Disruption of adiponectin causes insulin
resistance and neointimal formation. J Biol
Chem. 2002; 277: 25863-6.

Fruebis J, Tsao TS, Javorschi S et al.
Proteolytic cleavage product of 30-kDa
adipocyte complement-related protein
increases fatty acid oxidation in muscle and
causes weight loss in mice. Proc Natl Acad
Sci U SA. 2001; 98:2005-10.

Yamauchi T, Hara K, Kubota N et a. Dual
roles of adiponectin/Acrp30 in vivo as an anti-
diabetic and anti-atherogenic adipokine. Curr
Drug Targets Immune Endocr Metabol
Disord. 2003; 3:243-254.

Ursula Meier® and Axel M. Gressner.
Endocrine Regulation of Energy Metabolism:
Review of Pathobiochemica and Clinica
Chemical Aspects of Leptin, Ghrelin,
Adiponectin, and Resistin. Clinical Chemistry.
2004; 50:1511-1525.

Myeong Jin Y oonl, Gha Y oung Leel, Jun-Jae
Chungl et a. Adiponectin Increases Fatty
Acid Oxidation in Skeletal Muscle Céells by
Sequential  Activation of AMP-Activated
Protein  Kinase, p38 Mitogen-Activated

© Sudan JMSVal. 4, No. 3, Sept 2009

304

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Adiponectin

Protein Kinase, and Peroxisome Proliferator—
Activated Receptor . Diabetes. 2006; 55:
2562-2570.

Ouchi N, Kihara S, Arita Y, et a. Nove
modulator of endothelial adhesion molecules:
adi pocyte-derived plasma protein adiponectin.
Circulation. 1999; 100:2473-2476.

AritaY, Kihara S, Ouchi N, et a. Paradoxical
decrease of an adipose-specific protein,
adiponectin, in obesity. Biochem Biophys Res
Comm.1999; 257:79-83.

Pena AS, Belobrajdic DP, Wiltshire E et d.
Adiponectin relates to smooth muscle function
and folate in obese children. Int J Pediatr
Obes. 2009; 15:1-7.

Statnick MA, Beavers LS, Conner LJ et al.
Decreased expression of apM1 in omental and
subcutaneous adipose tissue of humans with
type 2 diabetes. Int J Exp Diabetes Res. 2000;
1: 81-8.

Zembala M, Asherson GL. Human
Monocytes. London, England: Academic
Press; 1989

Takafumi  Yokota, Kenji Oritani, Isao

Takahashi et al. Adiponectin, a new member
of the family of soluble defense collagens,
negatively  regulates the growth  of
myel omonocytic progenitors and the functions
of macrophages. Blood. 2000; 96: 1723-1732.
Leah DiMascio, Carlijn Voermans, Mweia
Uqoezwa et a. ldentification of Adiponectin
as a Novel Hemopoietic Stem Cell Growth
Factor. The Journa of Immunology, 2007,
178: 3511-3520.

Gary A. Williams, Yu Wang, Karen E.
Cdllon et d. In Vitro and in Vivo Effects of
Adiponectin on Bone. Endocrinology. 2009;
150: 3603-3610.

Lam KS, Xu A. Adiponectin: protection of the
endothelium. Curr Diab Rep. 2005; 5: 254-9.
Matsuzawa Y, Shimomura |, Kihara S et al.
Importance of adipocytokines in obesity-
related diseases. Horm Res. 2003; 60 Suppl
3:56-9.

Ouchi N, Kihara S, AritaY et d. Nove
modulator for endothelial adhesion molecules:
adi pocyte-derived plasma protein adiponectin.
Circulation. 1999; 100:2473-2476.

Kawano J, AroraR. Therole of adiponectinin
obesity, diabetes, and cardiovascular disease. J
Cardiometab Syndr. 2009; 4: 44-9.

Ouchi N, Kihaa S, Arita Y e al.
Adiponectin, an adipocyte-derived plasma
protein, inhibits endothelial NF-kB signaling
through a cAMP-dependent pathway.
Circulation. 2000; 102:1296-1301

Ouchi N, Kihara S, AritaY et a. Adipocyte-
derived plasma  protein,  adiponectin,
suppresses lipid accumulation and class A
scavenger receptor expression in human



Al-Noaemi M and Shalayel M H F.

45.

46.

47.

monocyte-derived macrophages. Circulation.
2001; 103:1057-1063.

Funahashi T, Nakamura T, Shimomura |l e al.
Role of adipocytokines on the pathogenesis of
atherosclerosis in viscera obesity. Intern Med.
1999; 38:202-6.

AritaY, Kihara S, Ouchi N et a. Adipocyte-
derived plasma protein adiponectin acts as a
platelet-derived growth factor-BB-binding
protein and regulates growth factor-induced
common postreceptor signal in vascular
smooth muscle cdl. Circulation. 2002;
105:2893-2898.

Hui Chen, Monica Montagnanii, Tohru
Funahashi et a. Adiponectin Stimulates
Production of Nitric Oxide in Vascular
Endothelid Cells J. Biol. Chem.2003; 278:
45021-45026.

© Sudan JMSVal. 4, No. 3, Sept 2009

305

48.

49.

50.

51.

52.

Adiponectin

Kobayashi H, OQuchi N, Kihara S et al.
Selective suppression of endothelia cdll
apoptosis by the high molecular weight form
of adiponectin. Circ Res. 2004; 94:e27—€31.
Matsuda M, Shimomura |, Sata M et al. Role
of adiponectin in preventing vascular stenosis.
The missing link of adipo-vascular axis. JBiol
Chem. 2002; 277: 37487-37491.
Fernandez-Real JM, Lopez-Bermgjo A,
Casamitjina R et a. Novd interactions of
adiponectin with the endocrine system and
inflammatory parameters. J Endocrinol Metab.
2003; 88: 2714-2718.

Aldhahi W, Hamdy O. Adipokines,
inflammation, and the endothelium in
diabetes. Curr Diab Rep. 2003; 3: 293-298.
Kawano J, AroraR. Therole of adiponectinin
obesity, diabetes, and cardiovascular disease.
J Cardiometab Syndr. 2009; 4: 44-9.



