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Introduction 
Adipocyte-related metabolic pathways are crucial in controlling 

the immune system. For example, pro-inflammatory cytokines are 
often over-expressed in obesity [1]. In diet-induced obese insulin-
resistant mice, their adipose tissues were also infiltrated with 
T cells [2,3]. Progressive fat cell enlargement and disposition in 
obesity, leading to a hypoxic microenvironment, can also further 
promote a localized inflammatory state.  In addition, they also 
produce many secretory molecules termed as adipokines which can 
affect the immune system. Of these adipokines, adiponectin (APN) 
has been well-characterised for its impact on the immune cells.

Thus far, majority of evidence support that APN can modulate 
the immune system mainly via inhibiting the synthesis of 
pro-inflammatory cytokines and the induction of many anti-
inflammatory cytokines by antigen presenting cells (APC). Indeed, 
APN-deficient mice had higher levels of, pro-inflammatory cytokine, 
tumor necrosis factor (TNF)- α than wild-type counterparts [4]. 
However, other studies have suggested contrary observations. 
These may due to many factors and experimental conditions. For 
example, the kinetics of APN receptor (either AdipoR1 or AdipoR2) 
expression, are different for different immune cells or an immune 
cell at its different stages of its differentiation. AdipoR1 is more 
abundant than AdipoR2 in monocytes of the innate immunity and its 
expression decreases upon their differentiation into macrophages, 
whereas AdipoR2 remains constant [5]. Only 10% of T cells in the  

 
adaptive immunity express AdipoR1/R2 compared to 80-90% of 
CD14+ cells (including monocytes) [6]. As these receptors have 
different and separable signaling pathways, it can then generate a 
complex outcome depending on the stage where and when these 
receptors are activated. Furthermore, the insulin receptors can 
inversely affect the sensitivity of APN receptors [7].  Therefore, the 
experimental results on the effect of APN on the immune system 
needs to be interpreted cautiously.

Adding to the complexity, the pleiotropic effects of APN are also 
influenced by the presence of its various oligomers. For example, 
oligomers, such as hexamers, may act different signaling pathways 
in different anatomical sites, resulting in different physiological 
responses [8,9]. Whereas at the ligand-receptor level, one study 
indicates that only the full-length APN (flAcrp) can upregulate pro-
inflammatory cytokine production at the protein level, but not at its 
mRNA levels, whereas the globular APN (gAcrp) transiently induces 
its production at the protein and mRNA levels [10]. However, this 
then renders immune cells resistant to further pro-inflammatory 
stimuli via suppression of its scavenger receptor and induction of 
IL-10 production [10].  High molecular weight (HMW) APN requires 
a shorter incubation period to inhibit the nuclear factor-kappa B 
(NF-κB) pathway [11], compared with gAcrp. All observations can 
sometimes make the definition of function for APN in the immune 
system more challenging. In this review, we explore complexity of 
APN effect on the immune system. 
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Adiponectin and its receptors
APN is encoded by the ADIPOQ gene on chromosome locus 3q27, 

which has been implicated in development of metabolic syndrome 
[12]. The expressed protein shares homologies with collagen with a 
structure that is not dissimilar to the complement factors, TNFα and 
the brain specific factor cerebellin. The full-length protein (flAcrp) 
primary structure contains a N-terminal signal sequence, a variable 
region, a collagen-like domain and a C-terminal domain (Figure 1). 

In some cases, this monomeric flAcrp trimerizes to form the Low 
Molecular Weight (LMW) isoform. This LMW isoform can also form 
hexamers (MMW) or 12- and 18-mers (HMW) via disulphide bonds 
(Figure 1). This HMW version appears to be the most biologically 
active isoform and has the highest plasma concentrations. The 
monomeric version appears to be confined to the adipocytes, 
whereas the oligomeric isoforms are present in the circulation [13]. 
Via photolytic cleavage of globular C terminal domain of flAcrp, a 
globular form (gAcrp) is formed. 

Figure 1: Schematic representation on the structure of APN
    

These isoforms may impose different physiological effects and 
may also account for some of the pleiotropic effects exerted by APN 
[8,9]. The normal serum concentration of APN is 2-30µg/ml. The 
levels can be influenced by several factors including; genetics [14], 
diet [15], various pharmacological agents [16,17], inflammatory 
status [18], hypoxia [19], exercise [20], renal function [21], age [21] 
and sex hormones [21].

3 different receptors have been identified to bind to various 
isoforms of APN; namely AdipoR1 [22], AdipoR2 [22] and the more 
recently T-cadherin [23]. AdipoR1 has a higher affinity for gAcrp than 
flAcrp and is abundantly expressed in skeletal muscle. In contrast, 
in the liver, AdipoR2 is predominantly expressed, and its affinity for 
both gAcrp and flAcrp has determined to be intermediate to low. 
T-cadherin, encoded on the Cadherin-13 (CDH13) gene, has been 
proven to interact HMW and hexametric APN [24].  Its actions are 
crucial for cell adhesion and calcium-mediated cell-cell interactions 
and signaling, acting via the 5’ Adenosine monophosphate (AMP)-
activated protein kinase (AMPK) pathway. This pathway is involved 
in cellular energy homeostasis.

Role of APN in innate immunity
APN can affect immunity indirectly via its action of the immune 

cells. Both professional antigen-presenting cells (APC) such as the 
monocytes, macrophages and dendritic cells and non-professional 

antigen cells such as endothelial cells can be influenced by the 
treatment of APN. Its effects can be variable depending on the 
experimental conditions and treatment doses. In addition to its 
effect on immune cells, gAcrp can directly bind to chemokines such 
as SDF-1, CCF18, MIP1a, RANTES and MCP-1, in order to neutralize 
its immunological effects [25].

a) Monocytes and macrophages 

APN effects on the innate immune system are primarily mediated 
via its inhibition of NF-κB pathway [26-29]. In monocytes, it has 
been shown to induce production of anti-inflammatory cytokine 
such as IL-10 and IL-1RA [30]. Similarly, in macrophages, treatment 
of cells with APN induces various anti-inflammatory cytokines, such 
as IL-10 [10,30-40], IL-1RA [30] and IL-4 [40]. Some groups have 
gone on to show that this anti-inflammatory cytokine production 
can modulate disease process via various mechanisms. Not only the 
function of macrophages is affected by treatment of APN, the cellular 
maturation of cell can also be influenced. APN directly suppresses 
maturation of macrophages hence affecting its function [41]. Many 
groups have ever gone on to show that an exposure to APN can 
impair the pro-inflammatory cytokine production by macrophages 
following its pro-inflammatory stimulation. For example, IL-
1β(32), IL-6 (10, 31) and TNF-α [22,32,37,38,40] productions 
are diminished following the activation of macrophages. Not only 
these cytokines are modulated, chemokine secretion such as IP10/
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CXCL10, I-TAC/CXCL11, Mig/CXCL9 and CCL18 can be affected as 
well [42]. 

Impairment of pro-inflammatory phenotypes of macrophages 
is due to the suppression of its NFκB pathway via the inhibitions 
of extracellular-signal-regulated kinase (ERK) 1/2 and mitogen-
activated protein kinase (MAPK) p38(31), c-Jun Kinase/stress 
activated (c-JNK) and MAPKp38 [27], and signal transducer and 
activator of transcription 3 (STAT3) [27] pathways (Figure 2). 
Some groups have proposed that the NFκB suppression may 
due to the activation of AMPK pathway [32]. The production of 
anti-inflammatory cytokines by macrophage is postulated due 
to induction of cAMP response element-binding protein (CREB)-
mediated transcription of IL-10 through activation of AMPK [39, 

40] and ERK1/2 [39] pathways when gAcrp interacts with AdipoR1 
[40]. Whereas, the flAcrp engagement with its receptor can activate 
STAT6-mediated IL-4 transcription [40]. Hence, the transcript some 
resembling M2 (anti-inflammatory phenotype) rather than M1 was 
observed following APN treatment on macrophages [43] (Figure 
2). In disease models, less immune cellular infiltration was noted 
[32, 44]. This is due to APN activates macrophage autophagy (via 
adenosine 5’-monophosphate-activated protein kinase pathway) 
and stimulates endothelial nitric oxide synthase (eNOS) pathway. 
In many instances, early apoptotic bodies can be pro-inflammatory, 
and APN can promote calreticulin receptor-dependent clearance of 
these bodies [45]. Therefore, these directly influence the function 
of macrophages therefore affecting the immuno-reactivity.

Figure 2: APN-mediated polarization of macrophages to anti-inflammatory M2 phenotype.

Having said that, others have reported that APN can induce a 
transient pro-inflammatory cytokine production [33,46,47]. For 
example, TNF-α [10,33,38] and IL-6 [10,48] production can be 
induced following treatment of macrophages with APN. These 
cytokine productions can then be subsequently suppressed by anti-
inflammatory cytokine, IL-10 which is also induced by APN. The 
clear mechanistic action on how the APN induce pro-inflammatory 
cytokine production remains elusive. One has proposed that 
gAcrp transiently activates ERK-1/2 pathway, which in turn 
activates early growth response protein-1 (also known as Zif268 
(zinc finger protein 225)) (Egr-1) and then this triggers NFκB-
dependent mechanism [33,38]. However, subsequently the NFκB 
pathway is suppressed by APN-induced IL-10 production [33,38].  
Alternatively, another group proposes that APN can activate the 
NFκB pathway via phospholipase C (PLC)- gand c-Jun pathways 
[46]. Past work on the signaling pathways has challenged this 
notion indicating that the NFκB-mediated response is independent 
of JNK pathway, but it is instead dependent on AMPK, MAPK p38 
and ERK1/2 pathways [49]. APN can trigger the STAT-3 pathway 
to upregulate insulin receptor substrate (IRS)-2 to activate NFκB 
mechanism; in order to produce IL-6. The authors have argued that 
this process is independent of APN engagements with its cognate 

receptors, AdipoR1/R2 [48]. Therefore, this activation supports 
that induction of transcript some mimicking pro-inflammation [47]. 
One can argue that the experimental conditions are suboptimal 
resulting in the contradictory observation. In this case, the dose of 
APN used to treat the cells was suboptimal. 

b) Dendritic cells

In dendritic cells, pre-treatment with APN can induce anti-
inflammatory cytokine; IL-10 [30,50] and IL-1RA [30]. When cells 
were treated at early stage of maturation, these cells were arrested 
at the immature state as following activation with pro-inflammatory 
stimuli, they failed to develop to the matured phenotypes [50,51]. 
The cells fail to upregulate positive co-stimulators (CD80 [50,51], 
CD86 [50,51] and CD40 [50]) and they also directly downregulate 
human leukocyte antigen (HLA)/major histocompatibility complex 
(MHC) class II [50,51]. These render the cells less able to present 
antigens to the adaptive immunity. Another group has reported 
that there was a direct upregulation of negative co-stimulator 
(PD1-PDL1 [51]), that could further affect its antigen presenting 
ability. In order define the mechanistic action, it has been shown in 
dendritic cells that interaction of either globular or full-length forms 
with AdipoR1, signals via its conventional pathways using AMPK 
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and MAPKp38 to upregulate IL-10 [50] (Figure 3). This in turn 
acts in an autocrine or perhaps paracrine manner to promote its 
downstream pathways [50]. Activation of IL-10 receptor signaling 
triggers the STAT3/Suppressor of cytokine signaling (SOCS)-3 
pathway [50]. The STAT3 signaling pathway is far more confusing; 
due to, the fact that some pro-inflammatory cytokines such as IL-6 
uses this pathway to signal [52,53]. However, in a system with two 
opposing cytokines signaling simultaneously, some work proposes 
that the action of IL-10 (anti-inflammatory) may supersede that 
of IL-6 (pro-inflammatory) [54]. A recent work on conditioning 
STAT3-knockout-dendritic cells demonstrated that STAT3 is crucial 

in mediating IL-10-dependent tolerance [55]. Indeed, AdipoR1-
signalling in dendritic cells mediates IL-10-dependent T-cell 
tolerance in the manner that it is relied on STAT3 activation [50]. 
Although STAT3/SOCS3 pathway does appear to be the dominant 
mediator of IL-10’s functions, there are elements of its anti-
inflammatory activity that may be STAT3/SOCS3-independent [56].  
For example, STAT3 activation by IL-10 receptor signaling can lead 
to the activation of alternative downstream molecules such as an 
E26 transformation specific (ETS)-family transcriptional repressor, 
ETV3, and Strawberry notch homologue 2 (SBNO2), that in turn, 
can repress NF-κB activation [56].

Figure 3: AdipoR1 and AdipoR2 mediated tolerance of dendritic cells.

In AdipoR1-depleted dendritic cells, AdipoR2 triggers the COX2 
pathway and subsequently it is responsible for the upregulation of 
peroxisome proliferator-activated receptor-γ (PPARγ)which then 
acts to promote energy on its encountering T cells; as knockout of 
PPARγ abolishes this phenotype [50]. This is consistent with the 
previous work showing that stimulation of PPARγ with its agonist 
has been identified to be responsible for the tolerogenic behaviors 
of APC [57]. A recent work indicates that AdipoR2-signalling 
following its engagement with either globular of full-length forms, 
via the PPARγ pathway, predominantly drives Th2 cytokines 
by the encountering T cells [50]. This is also consistent with the 
experiments in which APCs were treated with a PPARγ agonist [58]. 
Greater Th2-skewing with AdipoR2-signaling is observed than in 
the case of signaling through AdipoR1 [50]. Significantly more Th2-
skewing cytokine production was noted when the dendritic cells 
possess dominant AdipoR2 signaling [50]; but a small degree of 
Th2-skewing noted on the AdipoR1-signalled dendritic cells may be 
due to the SOCS3 effects that was induced by AdipoR1 [59]. Having 
said that, some groups have reported that pre-treatment cells with 
APN can activate the cells and fasten the maturation process with 
hastening the expression positive co-stimulators (CD86 and CD40) 
and up-regulating HLA II [46]. An induction of production of pro-
inflammatory cytokines; IL-12, IL-6, IL-1β and IL-23 was observed 
[46]. This contradictory observation may again due to the fact the 

dose of APN used in these experimental conditions is suboptimal to 
suppress the cells. 

c) No professional antigen presenting cells (APC)

In endothelial cells, a non-professional APC; treatment of APN 
can inhibit adhesion molecule expression such as intracellular 
adhesion molecule (ICAM)-1 (CD54) [60] and E-selectin (CD62E) 
[61] and can impair the production of soluble vascular endothelial 
growth factor receptor 1 (sVEGFR1) [61]. These effects result 
in less infiltration of immune cells into disease models [42,62]. 
Suppression of NF-κB via the stimulation of AMPK pathway which 
in turn induces CCAAT-enhancer-binding protein (C/EBP) α [63] 
(independent of ERK1/2, MAPKp38, c-JNK) [63] has been heralded 
as a central mechanism.

In addition, the ability of the endothelial cells to generate pro-
inflammatory cytokine; TNF-α [64, 65], IL-6 [26,61] and IL-8 [64] 
were also directly suppressed. Modulation of pro-inflammatory 
cytokine production by endothelial cells [65] may be due to CRT/
CD91-mediated COX2 activation [66]. Alternatively, inhibition of 
vascular inflammation may also be due to Cavolin-1-mediated 
ceramidase pathway (only via AdipoR1 has been shown) [60]. 
Pre-treatment of endothelial cells with APN also inhibits cellular 
apoptosis and modulates ROS production via its direct activation 
of AMPK pathway [65,67] that induces eNOS [44,68,69]. Activating 
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AMPK (also inhibiting ERK1/2) [70] has shown to inhibit 
hypertrophic signals via T-cadherin [23]. Less subtle effect on 
endothelial progenitor cells (EPC) function and its localization can 
be observed following the exposure to APN [71]. All these render 
the endothelial cells less inflammatory to the adaptive immunity. 

d) Natural killer cells

APN has also been reported to negatively regulate Natural Killer 
(NK) cell function in the IL-2–stimulated model [72].  APN was 
found to regulate AMPK-mediated inhibition of NFκB activation, 
and subsequently to down-regulate the IFNγ-inducible TNF-related 
apoptosis-inducing ligands (TRAIL) and Fas ligand expression on 
NK cells [72].  This directly modulates the function of NK cells. 

Role of APN in adaptive immunity
In addition to the effect on APN on the innate immunity, 

evidence also suggest the APN can also influence the adaptive 
immunity mainly T cells and B cells. 

a) T cells

Effector T cells (Th1 and Th17) and regulatory T cells can be 
affected by APN. Some groups suggest that APN may act as a negative 
regulator of T cell proliferation [6]. Only a small percentage of T 
cells express the AdipoR1/R2 on their surface, but most of these 
receptors are stored in the clathrin-coated vesicles that are found 
to be co-localized with the T cell negative co-stimulators. This 
implicates it may control on T cell expansion following its activation 
[6]. Early in vitro experiments suggest that APN treatment inhibits 
antigen-specific T cell proliferation [6,51] and suppresses the 
pro-inflammatory cytokine; IL-1 [50], IL-2 [6], IL-8 [50], TNF-α 
[6], IFN-γ [6,50]. In vivo, T cell apoptosis induced by APN may be 
central to the process how APN can control the adaptive immunity 
[6]. For example, in an infective model, inoculation with APN 
generates less effector T cells in wild-type animal, whereas, in APN-
knockout mice, this inoculation generates more effector T cells [6].  
Furthermore, effector T cells that are activated by APN-treated APC 
are rendered anergic either in vitro or in vivo [50]. On the other 
hand, APN treatment could also selectively promote the expansion 
of regulatory T cells [51], which may further control the immune 
responses. Differential response of effector T cells and regulatory T 
cells to APN may explain how APN regulates the adaptive immunity.

Not only does APN directly affect effector T cells or regulatory 
T cells, but the APN has been shown to affect the migration of T 
cells into the disease site.  For example, in an atherogenic model, 
APN can reduce T cell recruitment and accumulation during 
atherogenesis via modulation of chemokine production by the 
resident macrophages [42]. Similarly, in the cardiac allograft 
transplantation model, APN-deficient mice showed a severe acute 
rejection, manifested by an increase in T cells and macrophage 
infiltration into the rejected organs [62].The may be indirectly 
due to the induction of reactive T cell apoptosis via induction of 
caspase [6] or perhaps due to T cell energy [50]. Of interest, there 
is one study reported that APN can activates T cells via induction 
of INF-γ and IL-6 [47] and subsequently promotes Th1 and Th17 
differentiation [46]. Augmenting T-bet expression via activation 

of MAPKp38 and STAT4 pathways [47] has proposed as a possible 
mechanistic pathway [46]. This notion pales into insignificance as 
majority reports shown otherwise. Moreover, the treatment dose 
used in this contradictory report was also suboptimal. 

b) B cells

Work has shown that APN inhibits B lymphopoiesis [41]. 
APN caused elevated expression of COX-2 by these stromal cells 
and induced release of prostaglandin E (2) (PGE (2)) [73].  APN 
can negatively and selectively influence lymphopoiesis through 
induction of PG synthesis [41]. 

Conclusion
On face value, the effect of APN on the immunity may 

appear to be contradictory, but when one carefully scrutinizes 
findings and experimental protocols, these contradictions can be 
explained [74,75]. For example, one group has indicated that APN 
can induce an activation of NFκB which polarizes the immune 
reaction towards a pro-inflammatory response [46]. However, 
this report pales into insignificance because many groups have 
shown completely opposite findings in human [10,30,35,43,50,51], 
murine [38,50,76], porcine [31] or rodent [40]-derived APCs.  
In fact, one group has previously claimed that APN triggers a 
multifaceted response in macrophages by inducing the expression 
of various anti-inflammatory proteins that act at different levels 
in concert to suppress its activation [27]. They went to confirm 
that APN inhibits phosphorylation of NFkB via its inhibition of the 
upstream MAPKp38, JNK and STAT-3 pathways [27].  However, 
surprisingly, the same group has now shown that APN can induce 
pro-inflammatory functions in isolated macrophages and T cells, 
hence inducing a limited program of inflammatory activation and 
they claim that this activation likely desensitizes these cells to 
further pro-inflammatory stimuli [47].  It is important to note that 
all these controversial studies showing the pro-inflammatory effect 
of APN are using APN concentrations at the sub-optimal level (at 10 
microgram/ml which is just a normal physiological concentration 
in serum) to condition the immune cells [46,47]. 

In a non-obese and non-diabetic person, 10mg/ml is often 
defined as the average level for APN [77]. Using this physiological 
level (at 10 microgram/ml) [46,47] to condition the immune cells 
and subsequently to determine the immune outcome could be 
argue as a sub-optimal way to define its role. In many systems, it 
has reported that when the substrate used to condition the immune 
cells are sub-optimal, it can generate the opposite effects. For 
example, when anti-oxidative vitamins such as vitamin C or E were 
used to condition the dendritic cells at the sub-optimal level, they 
result in pro-inflammatory reactions, instead of having an anti-
inflammatory effect [78].  If the doses of vitamins were deployed 
at higher levels, they exhibit its “true” anti-oxidative property and 
modulate the immune response towards an anti-inflammatory state 
[78]. This argues that it is crucial to use an optimal concentration 
of APN to study its intended effects. Indeed, the latest study 
may explain the contradiction in the recent papers; it has been 
shown that at least 4 times of the normal APN plasma level (at 40 
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microgram/ml) is required to induce the IL-10 production in the 
immune cells, resulting in its intended anti-inflammatory effects 
[50]. A 400% requirement does not seem to be excessive in this 
case, as the physical exercise alone can induce a 260% increase 
in serum APN [79]. Therefore, it is illogical for the previous work 
to ascertain the effect of APN at normal physiological level (10 
microgram/ml) on the immune system and then define its function. 
It is likely at this level; the APN receptors are not fully saturated 
and its subsequent signaling is likely to be sub-optimal and so then 
the intended outcome can sometimes be misleading. Biologically, as 
serum APN fluctuates greatly with mild activities, it is therefore not 
surprising that higher doses of APN will be required to saturate its 
receptors [80], otherwise the human physiology will be extremely 
unstable. 

It is universally accepted that APN can induce IL-10 
transcription [10,30-40,50] and most work have confirmed 
that gAcrp is probably the best effector for induction of IL-10 
production. However, the mechanism on how IL-10 transcription 
is induced may be variable, as earlier work did not directly 
study the cognate interaction of APN with its paired receptor. It 
has proposed that the initial transient TNF-α/IL-6 production, 
following engagement of APN with unidentified receptor(s), 
activates ERK1/2, then the Egr-1 and NFκB pathways [33,38]. This 
may be crucial for IL-10 transcription.  Conventionally, it has been 
shown that IL-10 transcription is mediated by phosphorylation of 
CREB and the cAMP response element in the IL-10 promoter that 
triggers its transcription [34,38]. Indeed, this CREB-mediated IL-10 
transcription is activated through the AMPK and ERK1/2 pathways 
following the exposure to gAcrp [76].  Recently one group has 
elegantly demonstrated that interaction of either gAcrp or flAcrp 
with AdipoR1, signals its conventional pathways using AMPK and 
MAPKp38 to upregulate IL-10. This in turn acts in an autocrine or 
perhaps paracrine manner to promote its downstream pathways 
[50]. Activation of IL-10 receptor signaling triggers the STAT3/
Suppressor of cytokine signaling (SOCS)-3 pathway [50] that 
triggers inhibition of NFκB pathway.

APN interaction with its cognate receptors is more far complex. 
In models where IL-10-mediated and PPARγ-mediated T cell 
tolerance due to AdipoR1 and AdipoR2 signaling respectively, it is 
plausible that induction of various anti-NFκB effectors may have 
contributory effects in promoting the APC tolerogenic phenotypes 
[50]. In the case of AdipoR1-signaling, A20 (zinc finger protein) and 
B-cell lymphoma 3-encoded protein (Bcl3) (a greater upregulation 
following AdipoR1-signaling) may counter-inhibit the pro-
inflammatory action of IL-6 that previously has been implicated 
to be associated with APN signaling [27,50].  Inhibiting these anti-
NFκB effectors does not reverse the ability of APN-conditioned 
APCs to promote T-cell energy (in single receptor depleted system) 
[50]. This indicates these molecules act collaboratively with either 
IL-10 or PPARγ to mediate anti-inflammatory effects [50]. So far, 
in the immune system, no work has directly addressed the effects 
of APN’s interaction with T-cadherin, which has been implicated to 
mediate cardio-protection via the AMPK pathway [23]. However, in 

the double receptor depleted system (both AdipoR1 and AdipoR2), 
reversal of APN-induced T-cell energy was noted [50]; indicating 
APN-signaling via T-cadherin or other unidentified receptor(s) is 
unlikely to mediate T-cell tolerance. 

On the balance of all probabilities, APN is likely to affect both 
innate and adaptive immunity negatively causing the induction 
of immune tolerance and anti-inflammatory state. This anti-
inflammatory effect may be beneficial in treatment of auto-immunity, 
transplant rejection and cardiovascular diseases. Development of 
its agonist and inducer for APN expression may be helpful in these 
conditions. On the other hand, APN may also hamper the ability to 
fight against various infectious agents. Therefore, ability to module 
its expression in the context of where is a need to mount a strong 
immune response to fight active infection need to be explored. 
Arguably, the development of its antagonist may aid the success of 
treatment of chronic infection.  Similarly, understanding of its role 
in the immunity may help us to harness its function in designing an 
effective oncological treatment that requires anti-tumor immunity.   

Figures and Legends
Figure 1 A depicts a structure APN from N terminal to C-terminal; 

B shows various oligomers of APN, LMW: Low molecular weight. 
MMW: Middle molecular weight. HMW: Heavy molecular weight. 
flAcrp: Full length adiponectin. Acrp: Globular adiponectin. Figure 
2 Through AdipoR1 and undefined receptors APN causes NFκB 
inhibition and promotion of M2 phenotype. BLUE arrows represent 
activating pathways. RED lines represent inhibitory pathways. 
gAcrp: globular adiponectin. flAcrp: full length adiponectin. STAT 
6: Signal transducer and activator of transcription 6. CREB: cAMP 
response element-binding protein. JNK: c-Jun N-terminal kinase. 
SOC3: Suppressor of cytokine signaling 3. Bcl3: B-cell lymphoma 
3-encoded protein. TRAF1: TNF receptor-associated factor 1. TNIP3: 
TNFAIP3-interacting protein 3. NF -κB: nuclear factor kappa-light-
chain-enhancer of activated B cells. Figure 3 APN generates dendritic 
cell tolerance via two distinct pathways that converge upon NF-kB 
inhibition. BLUE arrows represent activating pathways. RED lines 
represent inhibitory pathways. gAcrp: globular adiponectin. flAcrp: 
full length adiponectin. AMPK: 5’ APM activated protein kinase. 
Cox2: cyclooxygenase 2. PPAR-γ: Peroxisome proliferator-activated 
receptor gamma. NF-κB: nuclear factor kappa-light-chain-enhancer 
of activated B cells. STAT 3: Signal transducer and activator of 
transcription 3. SOC3: Suppressor of cytokine signaling 3.
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