
REVIEW

Adiponectin, an Unlocking Adipocytokine
Yiyi Sun1, Keli Xun2, Changguang Wang3, Haiyu Zhao3, Huichang Bi3, Xiuping Chen,3 & Yitao Wang3

1 School of Pharmacy, Chengdu Medical College, Chengdu, China
2 Department of Dermatology, People’s Hospital of Binzhou, Binzhou, China
3 Institute of Chinese Medical Sciences, University of Macau, Macau, China

Keywords
Adiponecitn; biomarker; drug target; exercise;

gender difference; inflammation.

Correspondence
Xiuping Chen, PhD, MD, Av. Padre Tomas

Pereira S.J., Taipa, Macau 999078, China.

Tel: 86-853-83974873;

Fax: 86-853-28841358;

E-mail: chenxiu0725@yeah.net

doi: 10.1111/j.1755-5922.2008.00069.x

A large number of studies revealed that adiponectin, a protein secreted specif-
ically by adipose tissue, exhibits antiinflammatory, antiatherogenic, and an-
tidiabetic properties. This 247-amino acid protein contains four differentiable
domains and exists in five different configurations, which binds three kinds
of receptors. The plasma adiponectin concentration is at amazing microgram
level and the gender difference is very clear. Obese subjects showed de-
creased plasma level of adiponectin while exercise seems to restore it. Many
researchers demonstrated that it could be a reliable biomarker for multiple dis-
eases. However, there is controversy about its role in inflammation since its
plasma concentration decreases in some inflammatory diseases and increases
under some other inflammatory conditions. The signal transduction pathway
is still not very clear yet. Could adiponectin be a promising drug target?

Introduction

The important role of adipose tissues has been neglected
by scientists and researchers until recently. It is now
considered as an active endocrine organ producing a
lot of cytokines called adipocytokines, which exert mul-
tiple biological activities and significantly contribute to
the regulation of body’s homeostasis [1–3]. More than
10 years ago, an adipocytokine produced abundantly in
adipose tissue now termed as adiponectin was discov-
ered. It is a collagen-like protein that belongs to a su-
perfamily of proteins including a number of members,
such as C1q A, B, C chains, type VII and type X col-
lagens, and chipmunk hibernation proteins. It contains
four structural domains based on its primary sequence:
an N-terminal signal peptide, a short hyper-variable re-
gion, a collagen domain, and a C-terminal globular do-
main homologous to C1q [4]. Its exact function is still
not very clear, but basic researches and clinical studies
have demonstrated that it showed antiinflammatory, an-
tiatherogenic, and antidiabetic properties. In recent years,
adiponectin was widely studied and many critical reviews
had been published concerning its role in the regulation
of carbohydrate and lipid metabolism, cancer, cardiovas-
cular diseases, its pathophysiological significance, etc. [5–

8]. In this article, the authors neither focus on its role
in specific disease nor provide a comprehensive review
of it but try to summarize and update the present view
about it and discuss what we know and what do not
know.

How Does It Get Five Confusing Names?

When you see Acrp30, adipoQ, ApM1, GBP28, and
adiponectin, you probably get confused and do not real-
ize that they are describing the same protein-adiponectin.
These five different names originated from different re-
search groups during the initial stage of its discovery. In
1995, Scherer et al. first identified a novel 30 kDa secre-
tory protein synthesized in adipose tissue and secreted
into serum by cDNA cloning from mouse adipocyte cell
line 3T3-L1, which was termed as Acrp30 (the initial
of “adipocyte complement-related protein of 30 kDa”)
due to its structural similarity to complement factor C1q
[9]. Nearly at the same time, Maeda et al. isolated an
adipose-specific gene from human adipose tissue and
named as apM1, which means adipose most abundant
gene transcript 1 [10]. Hu et al. reported an adipose
cDNA detected by mRNA differential display technique,
which encoded a polypeptide of 247 amino acids in
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Figure 1 Research interest in adiponectin, a

protein secreted by adipose tissue. The

publication quantity was obtained from

Pubmed.

3T3-F442A adipocyte cell line. That was adipoQ [11].
Nakano et al. discovered a novel protein, which showed
a molecular mass 28 kDa on SDS-PAGE and was
called GBP28 (gelatin-binding protein of 28 kDa) ac-
cording to its molecular mass and gelatin-binding char-
acteristics [12]. In 1999, Arita first proposed to use
adiponectin to describe the apM1 gene product protein.
Since adiponectin cDNA has 85% homology to Acrp30
and AdipoQ, they must be a mouse counterpart [13]. This
name was gradually accepted by most other researchers
and widely used nowadays though some scientists prefer
to use Arcp30 and AdipoQ to refer to adiponectin in mice
sometimes.

After more than 10 years’ study, adiponectin is becom-
ing the cosset of many scientists who are focus on obesity,
atherosclerosis, diabetes, metabolic syndrome, etc. Today,
search Pubmed with the term “adiponectin,” the results
showed more than 4500 papers including more than 700
reviews. However, the road was not smooth at the begin-
ning. Just the year after the first report about adiponectin,
only 3 papers published (Fig. 1), which named the pro-
tein as AdipoQ, apM1, and GBP28, respectively, and
demonstrated some basic characteristics of it. It is hard
to understand that there is no publication in 1997 and
1998. After a slow increase from 1999 to 2001, publi-
cations about it boomed after 2002 suggesting that its
important physiopathological significance was gradually
recognized. It is interesting to note that a linear increase
in the number of publications was observed in the past
6 years (Fig. 1).

Why There are So Many Forms
of Adiponectin?

Adiponectin is one of the most abundant glycosylated
adipocytokines produced by adipocytes and at first it was
thought selectively secreted from adipocytes [9]. Fur-
ther studies revealed that adiponectin could be synthe-
sized by other cell types including brown adipocytes,
colonic mucosa cells, liver, skeletal muscle cells, pla-
centa, salivary gland epithelial cells, bone marrow, bone-
forming cells, fetal tissue, myocyte, and myofibroblasts
[5,8,14]. However, adiponectin secretion from these tis-
sues/cells is at very low level and the major source
of plasma adiponectin in adults is the adipocytes. Sev-
eral studies showed that adiponectin synthesized and se-
creted by isolated murine and human cardiomyocytes
and its receptors were also expressed in adult ventricu-
lar cardiomyocytes [15,16]. While another study revealed
that adiponectin protein was detected in injured but not
sham-operated heart in an ischemia-reperfusion model.
In addition, adiponectin accumulated in the heart fol-
lowing ischemic damage primarily through leakage from
the vascular compartment [17]. This divergence might
suggest that basic adiponectin secretion by cardiomy-
ocytes functioned as the maintenance of normal home-
ostasis while its release from vascular compartment or
adipocytes represented the pathological response. Dur-
ing the development of atherosclerosis, when ox-LDL,
inflammatory stimuli, and chemical substances induced
vascular injuries, adiponectin secreted from adipose
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Figure 2 Role of adiponectin in multiple organs Adiponectin increases

insulin sensitivity and improves insulin resistance in liver and skeletal mus-

cles. Adiponectin accelerates reverse cholesterol transport by increasing

high density lipoprotein assembly in the liver. Furthermore, adiponectin

protects brain and heart from ischemia and ischemia-reperfusion in-

jury. It also ameliorates endothelial dysfunction and demonstrates anti-

atherosclerotic effects. RCT, reverse cholesterol transport; HDL, high den-

sity lipoprotein; TG, triglyceride; I/R, ischemia reperfusion.

Figure 3 Potential strategies for drug discovery targeting adiponectin.

The main signal transduction pathway of adiponectin mediated by Adi-

poRs (AdipoR1 and AdipoR2) is the AMPK/MAPK pathways, which might

with the help of adaptor protein, APPL. The T-cadherin mediated pathway

is not clear yet. Practical targets include the exploration of adiponectin re-

ceptor agonist, MAPK/MAPK, Sirt1 activator, APPL regulator. Conversion

from HMW, MMW, LMW to fAPN or gAPN might also deserve exploration.

tissues, and went into the injured arteries and protect
against the development of atherogenic vascular changes
[18]. Due to its multiple origins, differentiation the ef-
fect of adiponectin on specific tissue/organs was due to

an autocrine of the tissue itself or resulted from the adi-
pose release might put further insight into reevaluat-
ing the role of adipose tissue as an important endocrine
organ.
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Adiponectin exists in five configurations and six forms:
the globular adiponectin (gAPN), the full-length adi-
ponectin (fAPN), the low molecular weight adiponectin
(LMW), the medium molecular weight adiponectin
(MMW), the high molecular weight adiponectin (HMW),
and the serum albumin bounded LMW form (Alb-LMW)
[5,19]. The fAPN, the monomer, is a 247-amino acid
protein, which contains four differentiable domains: an
amino-terminal signal sequence and a variable region,
with no homology to any other known protein, a col-
lagenous domain, and a carboxy-terminal globular do-
main [20]. The gAPN is the globular domain of the
fAPN, which generation details in vivo is not very clear
yet. Leukocyte elastase secreted from the monocytic cell
lines THP-1 and U937 could cleave fAPN into carboxyl-
terminal fragments containing the globular domain in-
dicating that leukocyte elastase might be a candidate of
plasma gAPN generation [21]. The crystal structure for
the globular domain of murine adiponectin had been re-
solved at a resolution of 2.1 Å [22], which showed an
unexpected homology to the tumor necrosis factor (TNF)
family of cytokines. Three monomeric form of fAPN
transformed to a tightly associated homotrimer (LMW)
via hydrophobic interactions within its globular domains
with a molecular weight about 75–90 kDa. The MMW
is a hexamer (180 kDa), made up of two LMW trimers
by a disulfide bond while the HMW (400–600 kDa)
is constituted by eight or more monomers or 2 or 3
hexamers through noncovalent bound [5,19]. The Alb-
LMW is the serum albumin bound LMW. In addition,
only adiponectin expressed in eukaryotic cells was able
to form HMW complexes, whereas in prokaryotic cells
adiponectin forms only trimers and hexamers due to in-
adequate folding of the collagen-like domain [23].

It is confusing that only four forms of adiponectin were
detected in circulation: LMW, MMW, HMW, and Alb-
LMW. The fAPN was absent in peripheral circulation, but
only found in the adipose tissue [19]. If gAPN exists in
vivo as a distinct entity or not is still controversial since
several studies reported that the gAPN could be found
in the plasma [24] with a concentration of about 1% of
fAPN [5] while others demonstrated that there was no
gAPN in plasma at all [25]. Ebinuma et al. showed that
HMW accounts for the 50% of the total adiponectin and
both MMW and LMW constitute about the 25% of to-
tal adiponectin [26] while Beltowski et al. calculated that
LMW, MMW, and HMW comprise about 25%, 35%, and
40% of total adiponectin in human serum, respectively
[5].

Limited data was available about the metabolism of
adiponectin. Two groups showed quiet different results.
In female New Zealand rabbits, adiponectin had an ex-
travascular/intravascular ratio of 0.71, and a half-life

(T 1/2) of 14.3 h. HMW and trimeric isoforms had a sig-
nificantly different T 1/2 of 13.0 and 17.5 h, respectively
[27]. While in female FVB mice, the T 1/2 for LMW,
MMW and HMW were about 45 min, 4.5 h, and 9 h,
respectively [28]. This divergence might be partly due
to the species difference and different measure methods
(ELISA vs. Western blotting). The precise metabolic fate
of adiponectin, especially in human, needs further studies
to elucidate.

The multiple origins and the various configurations of
adiponectin make it difficult to elucidate its precise role
and exact effects in physiological and pathological pro-
cesses, which is especially true for the HWM, MMW, and
LMW forms since there is no commercial provision avail-
able for these forms.

Why the Circulating Level is So High?

The circulating concentration of adiponectin in normal
healthy subjects and in patients had been determined by
many groups. Surprising, the mean value of plasma con-
centration of it was very high, ranging between 0.5 and
30 mg/L [5] (or 3–30 mg/L [19], 5–30 mg/L [20]), which
accounted for about 0.01% of all plasma proteins in hu-
mans and 0.05% in rodents, respectively. Such concen-
tration was about three orders of magnitude higher than
leptin, another adipocytokine expressed mainly in adi-
pose tissue and about six orders of magnitude higher than
interleukin-6 (IL-6), which measured in nanogram per
milliliter and picogram per milliliter, respectively. Why do
adipocytes produce so much adiponectin? Since receptor-
dependent intracellular signaling cascades generally re-
quire concentrations that were 1000-fold to 10,000-fold
lower than those commonly observed for adiponectin,
such a high concentration suggested that either the
receptor-dependent interactions was less efficiency or the
direct effect of adiponectin was of importance. Another
possibility might be that high circulating concentration
does not mean high concentration in specific tissue. Fur-
thermore, considering the fact that gAPN and fAPN, the
two main ligands for adiponectin receptors, were absent
in plasma, the high plasma concentration might have no
direct relation with the receptor mediated effects.

Three receptors for adiponectin had been identified:
Adiponectin receptor 1 (AdipoR1), Adiponectin recep-
tor 2 (AdipoR2), and T-cadherin. The first two were
abundantly synthesized in skeletal muscle and liver, re-
spectively, and ubiquitously expressed while the last
expressed on vascular endothelial cells and smooth mus-
cles [29,30]. AdipoR1 was the high-affinity receptor for
gAPN and AdipoR2 was the intermediate-affinity recep-
tor for gAPN and fAPN [5]. However, these two kinds
of monomeric forms had not yet been detected in the
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circulation [20]. T-cadherin was identified as the re-
ceptor on endothelial cells for the eukaryotically ex-
pressed hexameric and HMW of adiponectin but not
for the trimeric or globular species [29]. Several recent
studies demonstrated that adiponectin’s inhibition of the
growth and peritoneal metastasis of gastric cancer [31],
modulation of inflammatory reactions [32], inhibition of
leptin-stimulated oesophageal adenocarcinoma cell pro-
liferation [33], action in the hypothalamus [34], insulin-
sensitizing, appetite-regulating action, [35] etc. were me-
diated in receptor-dependent manner. Hence, differenti-
ation of which effects was mediated by receptor binding
activities and which function was trigged through its di-
rect action might be helpful to interpretate the confusing
plasma concentration.

What is the Effect of Exercise on Plasma
Adiponectin?

ELISA assay showed that obese subjects had significantly
lower plasma adiponectin concentrations than nonobese
subjects, although adiponectin derived exclusively from
adipose tissue [13]. Further studies revealed a strong
negative correlation between plasma concentration of
adiponectin and body mass index (BMI), waist-to-hip ra-
tio, fasting plasma glucose, insulin, triglyceride, uric acid
levels, hyperinsulinemia, and lectin level but positively
with HDL-C in overweight and obese objects [36,37].
Obese models in other species such as rodent and rhe-
sus monkeys also showed decreased adiponectin plasma
concentration [38,39]. Body reduction significantly ele-
vated plasma adiponectin levels in obese patients and di-
abetic and nondiabetic subjects [40,41]. Weight loss in-
duced by gastric bypass surgery (GBS) in morbidly obese
subjects showed elevated plasma adiponectin concentra-
tion [42], which might due to increased adiponectin gene
expression in both upper- and lower-body subcutaneous
fat and the increase in adipose tissue adiponectin produc-
tion [43]. However, another study showed that serum
adiponectin concentrations decreased during a 6 months
high-caloric diet in military service, and even a moderate
weight reduction induced by high-energy expenditure in
exercise during service did not increase its levels [44]. In
addition, low plasma adiponectin concentrations also do
not predict weight gain in nondiabetic Pima Indians [45].

There is some controversial results about the effect of
exercise on plasma adiponectin concentration in both hu-
man and animal model:

Some researchers reported that exercise had no ef-
fect on plasma adiponectin concentration: Hulver et al.
showed that adiponectin was not a contributory factor
to the exercise-related improvements in insulin sensitiv-
ity and not altered with exercise training [46]. Follow-

ing exercise, neither male nor female subjects exhibited
changes in adiponectin or leptin concentrations suggest-
ing that no effect of exercise on plasma adiponectin con-
centrations in healthy subjects [47]. In highly trained
male rowers, when adjusted for plasma volume changes,
adiponectin was not changed immediately after a maxi-
mal 6000-m rowing ergo meter test but decreased imme-
diately after the acute exercise. However, it significantly
increased above the resting value after the first 30 min
of recovery [48]. In obese girls and obese sedentary pre-
menopausal women 12 weeks of aerobic training im-
proved insulin sensitivity, decreased leptin level but with-
out change in circulating concentrations of adiponectin,
IL-6, C-reactive protein (CRP), body weight, percent body
fat, and other inflammatory markers [49,50]. Similar re-
sults was observed in obese elderly after a 12-week su-
pervised exercise program [51]. Basal plasma adiponectin
did not change significantly during or after exercise nor
was the mRNA expression of AdipoR1 and AdipoR2 ex-
pression in muscle [52]. Furthermore, not only the to-
tal adiponectin, but also the HMW concentration, and
the ratio of HMW to total adiponectin concentration
were unchanged during aerobic exercise and postexer-
cise in healthy male [53]. In elite male rowers, fasting
adiponectin did not change throughout the prolonged
training period despite substantial changes in training
volume [54].

Some reports revealed that exercise had positive ef-
fects on plasma adiponectin concentration: Bluher et al.
demonstrated that after 4 weeks of physical train-
ing plasma adiponectin increased by 13%, 97%, 86%,
respectively, in the normal glucose tolerance (NGT),
impaired (IGT) and type 2 diabetes (T2D) subjects
[55]. Controlled physical activity-behavior-diet-based
lifestyle intervention for 3 months also increased plasma
adiponectin concentration in obese adolescents without
noticeable reduction in body weight and/or BMI [56].
Positive changes in the plasma adiponectin concentra-
tion was observed in middle age adults with a predispo-
sition to metabolic syndrome after moderate physical ac-
tivity [57]. In overweight and lean males, acute exercise
showed no effect on the plasma adiponectin concentra-
tion but increased adipose tissue interstitial adiponectin
concentration [58]. Temporary negative effect of exer-
cise on plasma adiponectin concentration was also docu-
mented in healthy nonobese men experienced ergo me-
ter training for 6 weeks [59].

In KKAy mice, chronic exercise training and food re-
striction did not alter plasma adiponectin concentration
nor its mRNA expression in liver and skeletal muscle,
while the expression level of AdipoR1 mRNA in the
skeletal muscle and liver increased and the level of Adi-
poR2 in the liver decreased [60]. Similar results were
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observed after acute exercise in healthy C57BL/6 mice
[61]. In Male Otsuka Long Evans Tokushima Fatty
(OLETF) rats, regular 12-week wheel running exercise
resulted in reductions in body weight, abdominal fat vol-
ume, and plasma leptin without changes in adiponectin
level [62]. There were no changes in the plasma concen-
trations of adiponectin during exercise test or during re-
covery in horses [63].

In summary, inconsistent conclusion had been drawn
from different groups concerning the effect of exer-
cise on plasma adiponectin in both human subjects and
animal models. Recently, Simpson and Singh, and Vu
et al. systematically reviewed the effect of exercise on
adiponenctin and summarized these paradoxical results
[64,65].

Why there is Gender Difference?

The gender difference in the circulating levels of
adiponectin is interesting to highlight. The plasma
adiponectin concentrations in cord blood from healthy
newborns were much higher than those in normal-
weight adults which did not change significantly in
neonates (postnatal day 3–7) but no significant gender
difference was observed among newborns [66]. A study
of 1632 French Canadian youth aged 9, 13, and 16 year
revealed that adiponectin concentrations decreased with
age and girls had higher mean adiponectin concentra-
tions than boys. Male sex and changes in body fat may be
major determinants of the decreasing adiponectin con-
centrations of growing youth [67]. Sex differences in
adiponectin were dependent on both puberty stage and
adiposity and plasma adiponectin levels were inversely
correlated with obesity and insulin resistance in adoles-
cents during the pubertal periods [68,69]. Mean plasma
levels of adiponectin in men were lower than those found
in women [13]. Plasma adiponectin concentration did
not change significantly with age in females while el-
derly males over 70 years had significantly higher plasma
adiponectin concentration than younger ones [70]. These
data seems paradoxical considering that women had a
higher body fat content than men and, as it had been
already commented that adiponectin was negatively as-
sociated with body fat percentage [71–73]. In addition,
Peak et al. showed females had a higher proportion
of HMW and MMW and a lower proportion of LMW
than males [27] while Ding et al. observed that HMW
adiponectin in female was significantly higher than that
in male, whereas there were no gender differences for
the other two forms [74]. Ebinuma et al., however, sug-
gested that whereas the mean of the total, HMW, and
MMW adiponectin levels were significantly higher in fe-

males than in males, there was no significant difference
in the mean level of LMW [26].

A previous study showed that ovariectomy did not alter
plasma adiponectin levels in mice and there was no dif-
ference between pre- and postmenopausal women in the
plasma adiponectin concentration [75]. While a recent
report found that adiponectin values in middle-aged and
older postmenopausal women were higher than those
middle-aged premenopausal ones [76].

Lower adiponectin concentration in male might be due
to the effect of androgen. In vitro testosterone reduced
adiponectin secretion into the culture media in 3T3-L1
adipocytes [75]. In rat adipocytes, testosterone selectively
impeded the secretion of HMW adiponectin but not the
other two forms at transcriptional level [74]. However, a
dehydroepiandrosterone and its sulphate (DHEAS) treat-
ment significantly increased adiponectin gene expression
in omental adipocytes [77,78].

Castrated mice had high levels of plasma adiponectin
and testosterone treatment reduced plasma adiponectin
concentration in both sham-operated and castrated mice
[75]. A significant inverse relationship between plasma
levels of adiponectin and testosterone was observed in
obese OLETF rats after 12 weeks of wheel running
exercise [62]. It is interesting to indicate that testos-
terone showed certain selectivity to different forms of
adiponectin. Castration induced a dramatic elevation of
the HMW form but had no effect on either the MMW or
the LMW form in mice. Testosterone treatment, on the
other hand, caused a specific reduction of HMW in the
circulation [74].

In human subjects, a transient drop in the level of
adiponectin during male puberty was correlated with
the increase in testosterone level [69]. However, serum
adiponectin concentration in adult male showed a signif-
icant positive correlation with total testosterone concen-
tration, which was not observed in women [79]. Hence,
though testosterone might contribute to the gender dif-
ference, other factors could not be neglected.

Is Adiponectin an Universal Biomarker?

Shand et al. suggested that plasma adiponectin concen-
tration might be a convenient marker for identifying sub-
jects with the metabolic syndrome who may progress to
IGT [80]. Weiss et al. found that low adiponectin levels
in adolescent obesity was a marker of increased intramy-
ocellular lipid accumulation [81]. Daimon et al. reported
that decreased serum adiponectin level was an indepen-
dent risk factor for progression to T2D [82]. Miyoshi
et al. observed that low serum adiponectin levels were
significantly associated with an increased risk for breast
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cancer and that tumors arising in women with the low
serum adiponectin levels were more likely to show a
biologically aggressive phenotype [83]. Tschritter et al.
found that plasma adiponectin concentrations pre-
dicted insulin sensitivity of both glucose and lipid
metabolism [84]. Thereafter, many studies demonstrated
that adiponectin was a good biomarker for metabolic
syndrome [18,85–93], inflammation [94], insulin resis-
tance and cardiovascular risk [95], success in intracyto-
plasmic sperm injection/embryo transfer cycles [96]. Fur-
thermore, adiponectin now was believed to be an inde-
pendent predictor or potential biomarker of ventricular
systolic dysfunction in patients referred for coronary an-
giography [97], for distinguishing pancreatic cancer and
chronic pancreatitis [98], bone mineral density in middle-
aged premenopausal women [99], the early stage of
nonalcoholic steatohepatitis [100], worsening of arterial
morphology and function [101], left ventricular systolic
dysfunction in patients referred for coronary angiography
[102], renal cell carcinoma aggressiveness [103], liver
steatosis and response to IFN-alpha treatment in chronic
hepatitis C [104].

Some other studies suggested that the leptin-to-
adiponectin ratio (L/P) might be a better biomarker:
Satoh et al. observed that in obese T2D patients, L/P
was more strongly correlated with pulse wave velocity
than leptin or adiponectin alone. L/P may serve as a po-
tential atherogenic index in obese T2D patients [105].
Kotani et al. further found that L/P could serve as a clin-
ical marker of atherosclerosis in T2D subjects, especially
those who were 70 years old or younger, which was in-
dependent of obesity [106]. Norata showed that L/P was
a powerful independent predictor of intima media thick-
ness in healthy subjects and correlates with several an-
thropometric, metabolic, and clinical parameters better
than each single adipokine [107]. More recently, the L/P
had potential implications for peritoneal dialysis [108]. In
obese and non-obese children, the index of increased lep-
tin concentration corrected by reduced adiponectin val-
ues merits investigation as a marker for morbidities asso-
ciated with childhood obesity [109].

HMW might be also be a useful biomarker. Inoue et al.
demonstrated that serum HMW levels might serve as a
predictor of future cardiovascular events in patients with
coronary artery disease (CAD) as well as a marker for
severity of CAD [110]. Kato et al. found that HMW-to-
total adiponectin ratio may be positively associated with
aortic stiffness in hemodialysis patients [111].

However, adiponectin certainly could not be an univer-
sal biomarker. Weerakiet et al. showed that adiponectin
was not as strong a predictive factor and might not be
such an excellent screening test as insulin and home-
ostatic model of insulin resistance in the polycystic

ovary syndrome women with abnormal glucose tolerance
though whose adiponectin levels were significantly lower
[112]. Soderberg et al. found that leptin may be an impor-
tant link to the development of cerebrovascular disease in
men, whereas adiponectin does not associate with future
stroke and adiponectin levels did not predict stroke [113].
In addition, the correlation between serum adiponectin
and bone mineral density have given conflicting results
and serum adiponectin in elderly men does not correlate
with bone fracture risk [114].

Effectiveness and specificity are the two basic charac-
teristics for any useful biomarkers. The establishment of
a good biomarker needs time test and practical exami-
nation. Hence, whether and to what extent adiponectin
could be used as a practical biomarker for multiple dis-
eases need more studies especially clinical data to sup-
port and prove and cautions should be take when making
such conclusions.

Antiinflammation or Proinflammation?

Documented data indicated that chronic inflammation is
closely associated with the development of cardiovascular
and cardiovascular-related disorders, such as atheroscle-
rosis, diabetes, etc. Adipokines secreted from adipose
tissue, such as leptin, TNF-α, and interleukin-6 (IL-6)
showed significant contribution to the positive regulation
of inflammatory. Adiponectin, however, exerts both anti-
inflammatory and proinflammatory actions in a number
of cell types and animal models.

Mounting evidence highlighted the antiinflammatory
effects of adiponectin: The inverse association between
adiponectin and inflammatory markers, such as TNF-α,
IL-6, and CRP in normal subjects and patients with
cardiovascular disease or metabolic syndrome had been
observed [8]. Adiponectin also inhibited expression of
TNF-α and adhesion molecules, such as vascular cell ad-
hesion molecule-1 (VCAM-1), E-selectin, and intercellu-
lar adhesion molecule-1 (ICAM-1) [115], and promoted
the clearance of early apoptotic cells by macrophages
[32]. Several critical reviews had summarized the anti-
inflammatory effects of adiponectin [116–118].

However, some studies suggested that adiponectin ex-
ert proinflammatory effects: fAPN and gAPN produced an
identical stimulation of HT-29 cell growth but only gAPN
significantly increased the secretion and mRNA levels of
IL-8, GM-CSF, and MCP-1 suggesting the proprolifera-
tive and proinflammatory actions of adiponectin [119].
While another study revealed that fAPN could also sig-
nificantly increased IL-8 and MCP-1 production and ac-
tivated the proinflammatory transcription factor NF-κB
in SLE nephritis [120]. It is also documented that gAPN
was a powerful inducer of TNF-α and IL-6 secretion in
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primary human peripheral macrophages, in THP-1 cell
line, and in primary mouse peritoneal macrophages [8].
In a mice model, though adiponectin mitigated the sever-
ity of arthritis, it increased IL-6 expression in joint tis-
sues rheumatoid arthritis (RA) synovial fibroblasts [121].
Synovial fibroblasts expressed the AdipoR1 and AdipoR2
receptors [122,123]. Adiponectin induced the release of
MCP-1 and IL-6 in synovial fibroblasts isolated from RA
patients [122], which was mediated by AdipoR1 recep-
tor/AMPK/p38/IKKalpha beta and NF-κB signaling path-
way [123]. In addition, adiponectin, like leptin, could sig-
nificantly increase the release of IL-1beta, IL-6, TNF-α,
and PGE2 from human placenta and adipose tissue
[124].

Though a large number of papers demonstrated that
adiponectin levels decreased in inflammatory-related dis-
eases, such as obesity, atherosclerosis, T2D, metabolic
syndrome, etc., in some other inflammatory related dis-
ease, such as RA, systemic lupus erythematosus (SLE), a
significant increase of adiponectin was also observed:

Patients with RA showed considerably higher plasma
levels of leptin, adiponectin, and visfatin [125] and the
increased adiponectin was negatively linked to the lo-
cal inflammatory process [123]. In articular adipose tis-
sue and synovium of patients with different arthritides,
adiponectin was found to be involved in key pathways
of inflammation and matrix degradation in the human
joint [126]. Plasma and urine adiponectin levels increased
in patients with renal SLE and urine adiponectin may
be a biomarker of renal SLE flare [127]. In addition,
adiponectin levels had also showed increase in type 1 di-
abetes, inflammatory bowel diseases, allergy, asthma, etc.
[35].

In short, adiponectin showed proinflammatory as well
as antiinflammatory properties. These paradoxical dual
effects of aidponectin might be result from several rea-
sons.

First, the biological context, that is the different con-
figurations might showed different functions. gAPN but
not fAPN significantly increased the secretion and mRNA
levels of IL-8, GM-CSF, and MCP-1 in HT-29 cell [119].
The HMW and gAPN markedly increased NF-κB activity
in U937 and THP-1 monocytic cells which was not ob-
served by MMW and LMW adiponectin [128]. gAPN in-
creased tissue factor (TF) activity and dose-dependently
induced TF mRNA and protein expression in human um-
bilical vein endothelial cells (HUVECs) which were not
observed by fAPN treatment [129]. Furthermore, both
hyperglycemia and hyperinsulinemia caused gAPN resis-
tance in L6 rat skeletal muscle cells while hyperinsuline-
mia induced a switch toward increased fAPN sensitiv-
ity in these cells [130]. gAPN but not fAPN suppressed
LPS-stimulated ERK1/2 signaling at low concentrations

in Kupffer cells after chronic ethanol exposure [131].
Therefore, it is important to make clear that which kind
of adiponectin was used in certain experiment for phar-
macological effect studies. However, this was neglected
by most researchers to a large extent since many studies
did not make the distinction between gAPN and fAPN.

Secondly, the proinflammatory and the antiinflam-
matory effect of adiponectin might be concentration-
dependent. Very high concentrations of adiponectin or
high concentration of gAPN may be proinflammatory
while moderately high concentrations or low concen-
trations of gAPN may be protective. Preexposure of
macrophages to high concentration of gAPN (10 μg/mL)
rendered them tolerant to further gAPN exposure or
to other proinflammatory stimuli such as TLR3 ligand
polyI:C and TLR4 ligand LPS, while preexposure to
1μg/mL of and re-exposure to 10 μg/mL gAPN unmasked
its proinflammatory properties. These results suggested
that the antiinflammatory effect of adiponectin may be
due to an induction of macrophage tolerance and that
adiponectin constant presence in the circulation in high
levels renders macrophages resistant to proinflammatory
stimuli, including its own [132].

Thirdly, methodologically speaking, it is critically im-
portant to make sure which kind of adiponectin was
determined when effort made to explore the relation-
ship between plasma adiponectin concentration and the
inflammatory response. Many commercially available
immunometric systems for the adiponectin determina-
tion generally transformed all the adiponectin multimers
present in the biological sample into the monomeric or
dimeric form [19]. This might mask the difference among
adiponectin configurations and underestimate the contri-
bution of gAPN and fAPN, which were absent or at a very
low level in the plasma. Hence, methodological improve-
ment might provide more convincing data to interpretate
this contradiction.

Could Adiponectin be a Therapeutic
Drug Target?

The effects of adiponectin on insulin resistance, ad-
hesion molecular expression, vascular function, energy
metabolism, and cytokines regulation makes it an im-
portant player in the pathogenesis of metabolic syn-
drome, diabetes, atherosclerosis, ischemia-reperfusion in-
jury, etc. (Fig. 2). Adiponectin, adiponectin receptors, and
its signal transduction pathways might provide potential
promising drugs targets. Several critical reviews published
recently had mentioned this issue [4,133,134]. Thera-
peutic strategies targeting adiponectin might have several
aspects:
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Based on the exogenous antiinflammatory, antiathero-
genic and antidiabetic properties of adiponectin, directly
or indirectly raising plasma/tissue adiponectin level might
be a useful novel therapeutic strategy. The simplest
method to elevate adiponectin was to administer this
protein itself. However, several scientific and technical
problems need to be solved. (1) The safety consideration:
Adiponectin is a protein, therefore parenteral administra-
tion might have the risk of allergic reactions and other
problems specific for adiponectin are likely to emerge.
(2) As discussed above, the plasma adiponectin concen-
tration is at microgram per milliliter level and sometimes
its effective concentration in vitro is above 10 μg/mL,
so further significant elevation of its level would re-
quire very high doses. Besides, obtaining large amount
of adiponectin is not a piece of cake at present. (3) Due
to limited data available about the pharmacokinetics of
adiponectin in human, the control of the dose, the blood
concentration and the monitor of side effects will be dif-
ficult to deal with. (4) There are six forms of adiponectin,
chose which? The fAPN, the gAPN, the HMW or the
others? (5) A self-regulation manner of adiponectin had
been observed. Bauche et al. demonstrated a feedback
loop by which adiponectin downregulated its own pro-
duction and expression of AdipoR2 receptor [135]. So ec-
togenic adiponectin might not reach the therapeutic con-
centration. (6) Similar to insulin, adiponectin resistance
also exists [136,137], which might significantly decrease
the beneficial effects of adiponectin. (7) Another issue is
the inconvenience of protein storage, transportation, and
administration. These problems make it hard to directly
administration of adiponectin.

Another strategy is to increase adiponectin secretion.
Many currently used drugs in antiatherosclerosis, an-
tidiabetes, antihypertension, etc. therapy had exhibited
adiponectin-upregulation characteristics. Among them,
peroxisome proliferator-activated receptor γ (PPARγ )
agonists, thiazolidinediones, and inhibitors of renin-
angiotensin system were the best established stimulators
of adiponectin synthesis and secretion [5]. It needs to
point out that the role of adiponectin induced by these
drugs should not be exaggerated and could not be the
key mechanism of these drugs’ therapeutic action. They
are none specific and their efficacy need to be evaluated.

In view of the beneficial effects of fAPN and gAPN and
the fact that fAPN is the basic unit for LMW, MMW and
HMW, promoting different forms of adiponectin inter-
conversion or inhibiting adiponectin multimers forma-
tion might be promising methods. It is confusing that
the small molecular fAPN and gAPN have not been de-
tected in the plasma while the much larger molecu-
lar adiponectin, LMW, MMW and HMW account for
the total adiponectin concentration. Adiponectin multi-

merization and secretion occurs via changes in post-
translational modifications. A pharmacological inhibitor
of prolyl- and lysyl-hydroxylases, 2,2′-dipyridyl, inhib-
ited formation of hexamers and HMW multimers [23].
Furthermore, adiponectin trimer was covalently linked
by a disulfide bond between cysteine residues at position
22 and inhibition of disulfide bond formation suppressed
HMW formation [138]. More recently, two kinds of pro-
teases have been found to be able to selectively digest
adiponectin multimers: proteinase K (from Tritirachium
album) and protease A (from Aspergillus oryzae). The for-
mer digests selectively the low (LMW and Alb-LMW) and
MMW while the HMW remains unchanged. The latter
digests only the LMW and Alb-LMW [19]. In addition,
fAPN may be truncated to gAPN by leukocyte elastase
[21], therefore, elastase inhibitor administration might
change the ratio of fAPN to gAPN.

Though not all the pharmacological effects of
adiponectin is mediated by adiponection receptors,
adiponectin receptors certainly played a key role. The
exploration of adiponectin receptor agonist by chemi-
cal synthesis or high throughout screening is of critical
importance. Unfortunately, no such chemicals were re-
ported. However, several proteins similar to adiponectin
called adiponectin paralogs including osmotin, CTRP
(C1q and TNF-α related proteins) had been identified
[139,140]. Osmotin is a 24 kDa protein belonging to
the pathogenesis-related (PR)-5 protein family, which
accumulated in plants and involved in defense against
pathogens. X-ray crystallographic studies revealed that
gAPN and osmotin have the identical lectin-like domain
and osmotin receptor in the yeast is homologous to
adiponectin receptor [141]. Osmotin, like adiponectin,
activated AMPK in C2C12 myocytes via adiponectin re-
ceptors [139]. More importantly, suppression of AdipoRs
expression by siRNA markedly reduced phosphorylation
of AMPK induced by osmotin. These data suggested that
osmotin activated AMPK via AdipoRs [139]. Thus os-
motin might serve as a useful tool for adiponectin agonist
study.

The CTRP family includes seven members (CTRP-1
through CTRP-7) in mice and humans. All these proteins
exhibit domain organization similar to adiponectin with
secretory signal sequence, hypervariable region, collagen-
like domain and globular domain [140]. Among them,
CTRP-2 and CTRP-3 deserve noting. CTRP-2 increased
AMPK activity, ACC phosphorylation and ERK phospho-
rylation in C2C12 myocytes, which was accompanied by
increased glycogen accumulation and fatty acid oxida-
tion [140]. These actions similar to those of adiponectin
to some degree. Cartonectin (collagenous repeat-
containing sequence of 26-kDa protein; CORS-26) is as
a new adipokine of the C1q/TNF molecular superfamily
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CTRP-3. A recent study showed that cartonectin stim-
ulated the secretion of adiponectin and resistin from
murine adipocytes but failed to stimulate adiponectin or
leptin secretion from human adipocytes [142].

Adiponectin signal transduction pathways are impor-
tant target. The candidate molecules were adaptor protein
containing pleckstrin homology domain, phosphotyro-
sine binding (PTB) domain and leucine zipper motif
(APPL1), Sirt1 and AMPK. APPL1 was discovered in 2005
by screening a yeast two-hybrid cDNA library derived
from human fetal brain. Over-expression of APPL1 in-
creased, and suppression of APPL1 reduced, adiponectin
signaling and adiponectin-mediated downstream events
(such as lipid oxidation, glucose uptake and the mem-
brane translocation of glucose transport 4 (GLUT4)).
APPL1 also act as a critical regulator of the crosstalk be-
tween adiponectin signaling and insulin signaling path-
ways. These results demonstrated a key function for
APPL1 in adiponectin signaling and provided a molec-
ular mechanism for the insulin sensitizing function of
adiponectin [143]. Cheng et al. showed that APPL1
act as a common downstream effector of AdipoR1 and
R2, mediating adiponectin-evoked endothelial NO pro-
duction and endothelium-dependent vasodilation [144].
More recently, Chandrasekar et al. demonstrated that
adiponectin blocked interleukin-18-mediated endothelial
cell death via APPL1-dependent AMPK activation and
IKK/NF-κB/PTEN suppression [145].

Sirt1, a NAD/-dependent deacetylase, is a principal
modulator of pathways downstream of calorie restriction
that produces beneficial effects on glucose homeostasis
and insulin sensitivity [146]. In white adipose tissue, Sirt1
was shown to inhibit adipogenesis in precursor cells and
to reduce fat storage in differentiated cells [147]. Qiao et
al. found that Sirt1 regulated adiponectin gene expres-
sion through Foxo1-C/Enhancer-binding protein-α tran-
scriptional complex in differentiated 3T3-L1 adipocytes
[148]. Li et al. demonstrated that the endoplasmic retic-
ulum (ER) oxidoreductase Ero1-Lα and effectors modu-
lating PPARγ and Sirt1 activities regulated secretion of
adiponectin from 3T3-L1 adipocytes [149]. The Sirt1 ac-
tivator, resveratrol inhibited TNF-α induced decrease of
adiponectin in 3T3-L1 adipocytes [150]. Furthermore,
small molecule activators of Sirt1 could improve insulin
sensitivity, lower plasma glucose, and increase mito-
chondrial capacity in diet-induced obese and genetically
obese mice. They could also improve whole-body glu-
cose homeostasis and insulin sensitivity in adipose tissue,
skeletal muscle and liver in Zucker fa/fa rats [146].

AMPK is a serine-threonine kinase, which severs as an
energy sensor that regulates cellular metabolism. AMPK
pathway is a probable target for treatment of metabolic
syndrome, atherosclerosis, cancer, etc. [151–154]. By re-

sponding to adiponectin, AMPK mediated glucose utiliza-
tion and fatty-acid oxidation in adipocyte and in skele-
tal muscle cells [155,156], NO production and nitric
oxide synthase activation in vascular endothelial cells
[144,157], new blood vessel growth (angiogenesis) [158],
heart ischemia-reperfusion injury protection [159,160],
suppressing cytokine-induced NF-κB activation [161],
IL-6, and reactive oxygen species production regulation
[123,162].

In a word, several potential therapeutic targets had
been discovered (Fig. 3). Among which, the exploration
of adiponectin receptor agonist might be the most promis-
ing direction. However, all these potential drug targets
need further extensive studies to identification and val-
idation. It should be note that the accumulated cellu-
lar, animal, and human epidemiological data that support
adiponectin’s role as a protective cardiovascular molecule
now is being challenged by some studies: Cavusoglu et
al. reported that increased levels of adiponectin were as-
sociated with greater risk of myocardial infarction in a
prospective study of patients with stable angina or acute
coronary syndromes [97]. Association of increased mor-
tality risk with high adiponectin levels in patients with
heart failure was also documented [163, 164].

Conclusion

The discovery of adiponectin markedly extended our
knowledge about the role of adipose tissue in the patho-
genesis of obesity, metabolic syndrome, atherosclerosis,
diabetes, etc. The amazing high plasma concentration,
the significant gender difference, the complicated config-
uration forms, and the multiple beneficial effects make
it a new research highlight and stimulate widely in-
terest in this protein. However, though consensus has
been obtained in many aspects, controversies are emerg-
ing and further studies need to elucidate its configura-
tions, receptors, signal transduction pathways in detail.
Another very important aspect is the development of
novel, precise analytic method for adiponectin concen-
tration determination since many controversies resulted
from the interpretation of data regarding the relation-
ship between adiponectin concentration and pathophysi-
ologic conditions. Actually, the complicated configuration
of adiponectin makes the available analytic methods such
as ELISA, RIA, less specificity and we really do not know
what we are exactly measuring, the trimer, the hexamer
or something else. It is urgent to develop novel method to
differentiate various forms and find what we are looking
for. Just as Garaulet et al. points out that “these technical

handicaps are obstructing the comprehension and interpretation
of adiponectin functions and mechanisms of action” [20].
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