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Obesity predisposes toward renal disease independently of diabetes and hypertension. In this issue of the JCI, Sharma
and colleagues assessed the role of adiponectin, an adipose-derived hormone, in the pathogenesis of albuminuria (see
the related article beginning on page 1645). Obese African Americans had reduced adiponectin levels associated with
albuminuria. Adiponectin deficiency in mice induced oxidative stress, fusion of podocyte foot processes in the kidney
glomerulus, and urinary albumin excretion. Adiponectin treatment reversed these abnormalities, likely through activation
of AMPK. The benefits of adiponectin were observed in diabetic and nondiabetic mice. These findings suggest that
adiponectin is a biomarker for kidney disease and may be targeted for prevention and treatment.
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Obesity predisposes toward renal disease independently of diabetes and 
hypertension. In this issue of the JCI, Sharma and colleagues assessed the 
role of adiponectin, an adipose-derived hormone, in the pathogenesis of 
albuminuria (see the related article beginning on page 1645). Obese Afri-
can Americans had reduced adiponectin levels associated with albuminuria. 
Adiponectin deficiency in mice induced oxidative stress, fusion of podocyte 
foot processes in the kidney glomerulus, and urinary albumin excretion. 
Adiponectin treatment reversed these abnormalities, likely through activa-
tion of AMPK. The benefits of adiponectin were observed in diabetic and 
nondiabetic mice. These findings suggest that adiponectin is a biomarker 
for kidney disease and may be targeted for prevention and treatment.

Obesity and kidney disease
The obesity epidemic has been linked to 
rising incidences of type 2 diabetes, car-
diovascular disease, nonalcoholic fatty 
liver disease, sleep apnea, and cancer (1). 
Studies also indicate that obesity increas-
es the risk of kidney disease independently 
of diabetes and hypertension (2, 3). Renal 
blood flow and glomerular filtration rate 

are elevated in obesity and are related to 
increased levels of the protein albumin in 
the urine (albuminuria) (4). Epidemio-
logical studies suggest that microalbu-
minuria, defined as a urine albumin/cre-
atinine ratio of 30–300 μg/mg, increases 
cardiovascular morbidity (5). Further-
more, an albumin/creatinine ratio con-
sidered to be within the normal range 
(10–30 μg/mg) is associated with higher 
cardiovascular risk (6). Insulin resistance, 
oxidative stress, and inflammation have 
all been implicated in albuminuria and 
declining kidney function, but the under-
lying mechanisms are unclear (4).

Hypoadiponectinemia is related to 
albuminuria
In the current issue of the JCI, Sharma et al. 
describe a role of adiponectin in the patho-
genesis of albuminuria (7). Adiponectin is 

Nonstandard abbreviations used: AdipoR, adiponec-
tin receptor; AICAR, 5-aminoimidazole-4-carboxamide-
1-b-d-ribonucleoside; HMW, high molecular weight; 
Nox, NADPH oxidase; ZO-1, zonula occludens–1.
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secreted exclusively by adipocytes (8). The 
monomer is a 30-kDa protein with 3 dis-
tinct domains: N-terminal hypervariable 
region, collagenous stalk, and C-terminal 
globular domain (8, 9). Adiponectin circu-
lates in plasma as various complexes: high–
molecular weight (HMW; 12- to 36-mer),  
low–molecular weight (hexamer), and tri-
meric forms. Total and HMW adiponectin 
levels are more abundant in females and 
decline in obesity (8, 9). Low adiponectin 
levels are related to higher prevalence of 
type 2 diabetes, inflammation, and ath-
erosclerosis, and these abnormalities are 
reversed by adiponectin treatment (8, 10). 
The insulin-sensitizing effect of thiazoli-
dinediones is related to increased HMW 
adiponectin levels (9, 10).

Previously, adiponectin receptors Adi-
poR1 and AdipoR2 — containing 7-trans-
membrane domains that are structurally 
and functionally distinct from G protein–
coupled receptors — have been described 
(8). AdipoR1 is more widely expressed 
and enriched in muscle, while AdipoR2 is 
abundant in liver. Binding of adiponectin 
to AdipoR1 and AdipoR2 increases AMPK 
activation and PPARα signaling, resulting 
in suppression of gluconeogenesis, stimu-
lation of fatty acid oxidation, and amelio-
ration of diabetes (8, 11). AdipoR1- and 
AdipoR2-mediated signal transduction 
has been implicated in steatosis, inflam-
mation, and oxidative stress, all key abnor-
malities associated with obesity and the 
metabolic syndrome (8).

Sharma et al. found that plasma adipo-
nectin concentration was inversely related 
to urinary albumin excretion in obese Afri-
can Americans, a group prone to obesity 

and chronic kidney disease (7). Conversely, 
BMI, blood pressure, lipid levels, and plas-
ma levels of IL-6 and plasminogen activa-
tor inhibitor–1 (PAI-1) were not associated 
with albuminuria in this group. To estab-
lish a role of adiponectin in the pathogene-
sis of albuminuria, Sharma et al. compared 
wild-type mice with adiponectin-deficient 
mice. Blood pressure, glucose levels, and 
lipid levels were not affected in Ad–/– mice 
fed a regular rodent diet; however, albu-
minuria was significantly higher, worsened 
with age, and was exacerbated by diabetes. 
Hydrogen peroxide levels increased in the 
urine of Ad–/– mice, consistent with oxida-
tive stress. Electron microscopic examina-
tion revealed segmental fusion of the feet 
processes of podocytes (interdigitated cells 
that closely invest the glomerular capil-
lary network in the kidney, as shown in 
Figures 1 and 2, and act in part as a filter 
for large macromolecules) in Ad–/– mice, 
although the thickness of the glomerular 
basement membrane and the structures of 
endothelial and mesangial cells were not 
altered by adiponectin deficiency. Albumin 
permeability was increased in a monolayer 
culture of podocytes from Ad–/– mice, con-
sistent with albuminuria in this model.

The authors showed that AdipoR1 was 
highly expressed in podocytes (7). AMPK 
phosphorylation was increased in podo-
cytes by adiponectin or the AMPK activa-
tor 5-aminoimidazole-4-carboxamide-1-b-
d-ribonucleoside (AICAR; Figure 2A). The 
distribution of the tight junction protein 
zonula occludens–1 (ZO-1) was disrupted 
in podocytes from Ad–/– mice and restored 
by adiponectin or AICAR treatment. 
Although the involvement of AdipoR1 in 

albuminuria and how this is coupled to 
AMPK signaling requires further study, 
these results demonstrate major effects of 
adiponectin on the kidney.

Adiponectin decreases oxidative 
stress and albuminuria
To determine whether adiponectin is caus-
ally related to kidney disease, the authors 
assessed effects of adiponectin treat-
ment on urine albumin and hydrogen 
peroxide excretion (7). These parameters 
were related to podocyte structure, activ-
ity of AMPK, and expression of oxidative 
enzymes. Ad–/– mice were treated with the 
full-length or globular forms of adiponec-
tin. Restoration of plasma adiponectin to 
levels measured in wild-type mice blunted 
albuminuria in nondiabetic as well as dia-
betic Ad–/– mice. Remarkably, adiponectin 
reversed the fusion of podocyte foot pro-
cesses in Ad–/– mice. AMPK activity was 
attenuated in podocytes and glomeruli, 
and the expression of the NADPH oxi-
dase Nox4, but not Nox1 or Nox2, was 
enhanced in the absence of adiponectin 
in Ad–/– mice. As predicted, adiponectin 
treatment restored AMPK activity and 
decreased Nox4 expression in parallel with 
improvements in urinary albuminuria and 
hydrogen peroxide levels.

Adiponectin as a biomarker of kidney 
disease: ready for prime time?
These carefully conducted studies demon-
strate an important link between adipo-
nectin and albuminuria (Figure 2) (7). The 
experiments in rodents and cell culture 
suggest that adiponectin signaling via 
AMPK regulates oxidative stress, segmen-
tal fusion of podocyte foot processes, and 
albuminuria. The capacity of adiponectin 
to reverse these abnormalities in Ad–/– mice 
is independent of glucose. These results 
are in agreement with exacerbation of 
albuminuria following surgical resec-
tion of kidneys in Ad–/– mice (12), which 
resulted in glomerular hypertrophy, podo-
cyte injury, oxidative stress, inflamma-
tion, and fibrosis. Adiponectin decreased 
albuminuria, glomerular hypertrophy, 
and tubulointerstitial fibrosis, and these 
changes were associated with restoration 
of VCAM-1, monocyte chemoattractant 
protein–1, TNF-α, TGF-β1, collagen type 
I/III, and Nox to the levels found in wild-
type mice. An antiinflammatory role for 
adiponectin in the kidney is in agreement 
with its similar actions in the vasculature, 
liver, and colon (13–15).

Figure 1
Schematic demonstrating the interdigitation of podocyte foot processes that surround glo-
merular capillaries.
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Low plasma adiponectin concentration 
could potentially serve as a biomarker for 
early detection of kidney disease. However, 
the inverse relationship between adiponectin 
and proteinuria among obese African Afri-
cans found in the current study (7) has not 
been consistently observed in others (16, 17). 
The plasma adiponectin concentration may 
reflect the extent of kidney damage, meta-
bolic state, and ethnic background of the 
population under study (7, 15, 16). As men-
tioned earlier, adiponectin exists as HMW, 
hexamer, and trimer complexes, yet these 
forms of the protein were not measured in 
patients or mice in the current study (7).

The authors’ findings in Ad–/– mice raise 
an intriguing possibility that increasing 
adiponectin levels or stimulating AMPK 
activity may blunt albuminuria and pre-
vent the progression of kidney disease. 
However, there are pitfalls in the transla-

tion of these results. Recombinant adipo-
nectin was administered in mice with total 
adiponectin deficiency. As is often the 
case in hormone replacement, Ad–/– mice 
are expected to be hyperresponsive to 
adiponectin treatment. Because there are 
no patients with total adiponectin defi-
ciency, the question remains as to whether 
patients with partial adiponectin defi-
ciency will benefit from treatments that 
increase adiponectin levels. Previous stud-
ies in diabetic patients suggest this may be 
the case: rosiglitazone increased adiponec-
tin levels, enhanced insulin sensitivity, and 
suppressed albuminuria in patients with 
type 2 diabetes (18, 19). AMPK activation 
also has the potential to ameliorate kid-
ney disease, as evidenced by the effects of 
metformin and AICAR to increase AMPK 
phosphorylation and inhibit renal hyper-
trophy in diabetic rats (20).

Conclusions
The article by Sharma et al. (7) advances our 
understanding of renal pathophysiology. 
Until the discovery of leptin, the prevailing 
view of adipose tissue was that of a passive 
storage site for triglycerides. It is now well 
established that adipocytes secrete proteins 
that actively control energy homeostasis, 
glucose and lipid metabolism, neuroen-
docrine and cardiovascular function, and 
various physiological systems. Adiponectin 
is a logical candidate for exploring the link 
between adipose tissue and kidney function. 
The tools for assessing the relationships 
among adiposity, adiponectin, metabolism, 
and renal pathophysiology in rodents and 
humans are readily available, making the 
clinical translation of key elements of this 
paper feasible. The demonstration of the 
validity of adiponectin as a biomarker of 
albuminuria in humans is a crucial step in 

Figure 2
Schematic illustration of the effects of adiponectin on podocytes. (A) In lean individuals, high levels of adiponectin phosphorylate and activate 
AMPK, presumably via AdipoR1, which prevents oxidative stress and the fusion of podocyte foot processes as well as limits albumin excretion. 
(B) As Sharma et al. demonstrate in this issue of the JCI (7), total adiponectin deficiency in Ad–/– mice or partial deficiency in obesity diminishes 
AMPK activity, increases oxidative stress, promotes the fusion of podocyte foot processes, and leads to higher urinary albumin excretion.
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this process and may ultimately facilitate the 
prevention and treatment of kidney disease.
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hematopoietic dysfunction?
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HIV-associated hematological abnormalities involve all lineages of blood 
cells, thus implying that the virus impairs the function of early HSCs. 
However, the underlying mechanisms of this defect are unknown, partic-
ularly since HSCs are largely resistant to HIV-1 infection. In this issue of 
the JCI, Prost and colleagues show that the viral accessory protein Nega-
tive factor (Nef) plays a potentially critical role in the pathogenesis of 
HIV/SIV-associated hematopoietic dysfunction by affecting the clono-
genic potential of HSCs (see the related article beginning on page 1765). 
Soluble Nef induces PPARγ in uninfected HSCs, thereby suppressing the 
expression of STAT5A and STAT5B, two factors necessary for proper 
HSC function. The identification of this novel activity of extracellular 
Nef defines a new mechanism of HIV/SIV pathogenesis and suggests that 
approaches aimed at increasing STAT5A and STAT5B expression may be 
considered in HIV-infected individuals with prominent hematological 
abnormalities. The results also raise the question of whether dysregula-
tion of hematopoiesis by extracellular Nef plays a role in the development 
of T cell immunodeficiency and the high levels of chronic immune activa-
tion associated with AIDS.

HIV-1 infection causes immunodeficiency 
by inducing a progressive decline in number 
of CD4+ helper T cells. However, the mecha-
nisms of HIV/AIDS pathogenesis are com-
plex, as it is still unclear to what extent this 
progressive CD4+ T cell depletion is caused 
by direct killing of infected cells or rather by 

the indirect effects of chronic, generalized 
immune activation (1). Importantly, HIV 
infection is also associated with hematopoi-
etic abnormalities characterized by impaired 
generation and function of cells of all blood 
lineages (i.e., red blood cells, platelets, and 
white blood cells). These hematopoietic dys-
functions may cause various levels of cytope-
nias and also contribute to the development 
of T cell immunodeficiency (Figure 1) (2). 
Since all blood cell lineages may be affected, 
HIV-1 infection apparently deregulates the 
function of early hematopoietic progenitor 
cells. This assumption was confirmed by 
studies showing that CD34+ progenitor cells 
from HIV-infected patients show reduced 
growth and differentiation in vitro (3, 4).

HIV-associated hematological abnor-
malities seem to be dependent on the level 
of virus replication, as these abnormalities 
are severe in late-stage AIDS patients with 
high viremia but can be corrected by highly 
active antiretroviral therapy (HAART) (5, 6). 
The mechanisms underlying these hemato-
logical abnormalities are still obscure. While 
HSCs express low levels of CD4 and CCR5, 

Nonstandard abbreviations used: Nef, Negative 
factor.
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