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Abstract

Dysregulation of the endocannabinoid system in the visceral adipose tissue (VAT) is associated with metabolic and cardiovascular
complications of obesity. We studied perirenal VAT CB1 receptor expression in relation to anthropometry, VAT area and endocannabinoid
levels, kidney microvascular damage (MVDa), and the presence of the CB1 gene A3813G variant, the frequency of which was also evaluated
in a large population of obese-hypertensive (OH) patients with or without the metabolic syndrome (MetS). Perirenal VAT and kidney
samples were obtained from 30 patients undergoing renal surgery. Total and perirenal VAT areas were determined by computed tomography.
CB1 messenger RNA expression and endocannabinoid levels in perirenal VAT were determined by quantitative reverse transcriptase
polymerase chain reaction and liquid chromatography–mass spectrometry, respectively. The MVDa was evaluated in healthy portions of
kidney cortex. The A3813G alleles were identified by genotyping in these patients and in 280 nondiabetic OH patients (age ≤65 years).
Metabolic syndrome was defined according to the Adult Treatment Panel III criteria. Perirenal VAT CB1 expression was 40% lower in
patients with the A3813G polymorphism, and correlated positively with perirenal and total VAT area and with perirenal VAT levels of the
endocannabinoid anandamide. A 2-fold higher CB1 expression was associated with MVDa. The OH patients with the A3813G allele had
lower prevalence of MetS in both unadjusted and adjusted models. Genetics influence perirenal VAT CB1 expression and the prevalence of
MetS in OH. Increased VAT is associated with increased perirenal VAT endocannabinoid tone, which in turn correlates with increased
MVDa. Endocannabinoid overactivity might be involved in human visceral obesity and its renal complications.
© 2010 Elsevier Inc. All rights reserved.
1. Introduction

Visceral obesity is strongly associated with increased risk
for several chronic diseases such as the metabolic syndrome
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(MetS), diabetes, and hypertension [1,2]. Indeed, increased
visceral adiposity is regarded as the link between overweight
and cardiometabolic complications. Obesity is also causally
linked, directly and indirectly, to the development of chronic
renal disease that results from microvascular damage
(MVDa) [3,4]. The understanding of the obesity-associated
mechanisms that lead to complications is crucial. In this
setting, the endocannabinoid system (ECS) plays an
important role in the control of food intake, lipid and
glucose metabolism through both central and peripheral
effects, lipogenesis, and fat accumulation [5]. The 2 most
widely studied endocannabinoids (ECs), anandamide (AEA)
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and 2-arachidonoylglycerol (2-AG), act indeed also in the
periphery through the cannabinoid CB1 receptor to regulate
energy balance and body fat composition. Dysregulated ECS
activity is believed to contribute to the pathogenesis of
human obesity and its associated cardiometabolic risk
[6-10]. Accordingly, long-term treatment with a CB1
receptor antagonist (rimonabant) reduced food intake and
improved several metabolic and cardiovascular risk factors
in obese subjects [11-14]. Furthermore, the Rimonabant in
Obesity–Lipids trial conducted on high-risk dyslipidemic
patients showed that CB1 receptor antagonism could induce
substantial and not entirely weight loss–dependent increases
in high-density lipoprotein (HDL) cholesterol and in the
levels of adiponectin, a “protective” adipokine for the
cardiovascular system [11,15].

The relevance of the overactive adipose ECS and of
adipose tissue CB1 receptor to the pathogenesis of visceral
obesity and associated metabolic disorders in humans,
particularly those concerned with kidney dysfunction and
failure, is still not fully understood, also because multiple
genes and gene-environment interactions play a crucial role
in this context. Several human CB1 polymorphisms have
been previously described in European American, African
American, and Japanese subjects in relation to addiction
vulnerability [16]. However, the effect of Cnr1 variants on
obesity and related clinical parameters appears somewhat
contradictory depending on the population, sex, and body
mass index (BMI) of the cohorts analyzed, as well as on
other factors [17-19]. Russo et al [20] showed that, in a male
population with a wide range of BMI, the presence of the
A3813G variant in the CB1 receptor gene (Cnr1) was
associated with an increase of subscapular skinfold thick-
ness, an index of general subcutaneous adiposity, and also
with a slight increase of waist circumference that is usually
considered an index of visceral fat. The 3813A/G
(rs12720071) single nucleotide polymorphism (SNP) is
localized in exon 4, which lies in sequences encoding the
3' untranslated region. This polymorphism is one of several
tag SNPs of Cnr1 for white populations (HapMap-CEU) in
the Seattle SNPs database (http://gvs.gs.washington.edu/
GVS/) and was thus selected as a maximally informative site
for Cnr1, according to the tag SNPs approach in the
evaluation of gene candidacy for common diseases [21].
However, it is not known if and how this or other genetic
variants of the Cnr1 gene affect CB1 expression and
function, and hence ECS activity, in the adipose tissue.

The primary aim of the present study was to analyze EC
levels and CB1 expression in human perirenal visceral
adipose tissue (VAT), obtained from unselected patients with
a wide range of BMI, from normal weight (BMI b25 kg/m2)
to obese (BMI ≥30 kg/m2), in relation to total amount of
perirenal and abdominal adipose tissue and to plasma
adiponectin concentrations.

Moreover, because one of the end points of dysmetabo-
lism is micro- and macrovascular damage, we also wanted to
evaluate the association between perirenal VAT CB1
expression and the degree of MVDa in the kidney.
Furthermore, to study the influence of genetics on CB1
gene expression level, we investigated whether the Cnr1
A3813G variant was associated with different levels of CB1
messenger RNA (mRNA) in perirenal VAT. Finally, the
same genetic variant was also analyzed in relation to clinical
and metabolic parameters in a larger population of obese-
hypertensive patients (OH), with a likely overactive ECS
[6-9] and higher risk of developing a MetS.
2. Materials and methods

2.1. Patients and human tissue samples

Tissue samples were obtained during elective surgery
(radical nephrectomy) from 30 patients admitted to the United
Hospital of Ancona for localized clear cell renal carcinoma
(T1/T2, N0, M0), a population similar to the one already
described [22]. Briefly, patients were 24 men and 6 women,
with average age of 64.4 ± 13.3 years, BMI = 26.8 ± 3.4 kg/m2

(lowest BMI value, 21.4 kg/m2; highest BMI value, 38.1 kg/
m2), waist circumference = 99.3 ± 11.6 cm, systolic blood
pressure [SBP] = 139.4 ± 20.3 mm Hg, and diastolic blood
pressure [DBP] = 83.6 ± 11.5 mm Hg. All women were in
menopause, which contributed to lessenmetabolic differences
and to increase sample's homogeneity. Moreover, patients did
not have severe renal damage (defined as creatinine clearance
b60 mL/min). Samples of adipose tissue and renal tissue were
taken from a healthy portion of the removed kidney and
perirenal depot, at least 3 cm far from the carcinoma. After
removal, samples were snap-frozen in liquid nitrogen and
stored at −80°C until RNA extraction. The local Ethics
Committee approved the study protocol, and all patients gave
written informed consent for the collection of tissue samples
and clinical data. For these patients, we also analyzed MVDa
in kidney cortex samples, CB1 mRNA, and circulating
adiponectin (n = 30). The amounts of ECs from perirenal
VAT, and computed tomographic (CT) images to evaluate the
total amount of perirenal and abdominal adipose tissue, were
available for 12 patients.

2.1.1. Acquisition of CT images
Axial CT images of the abdominal region were obtained

as a part of the planned kidney surgery and were available for
12 patients. The CT images corresponding to the L4-5
vertebral disk spaces were analyzed to measure whole VAT
(in square millimeters) area and at the level of each renal
artery to determinate perirenal adipose area (in square
millimeters). Digital images were analyzed with Centricity
Medora RIS (Radiology Information System) software 3.10/
4.24 (GE Healthcare Medical System, Salt Lake City, UT).
Total abdominal adipose tissue was defined as the sum of
adipose tissue inside a line tracing of the skin. The VAT area
was evaluated by drawing a line around the interior of
the peritoneal cavity and summing all adipose tissues within
this area.
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Perirenal adipose tissue area was evaluated by drawing a
line around the retroperitoneal VAT surrounding the kidneys
at the level of the vascular peduncle. The difference between
total adipose tissue and VAT was considered as subcutane-
ous adipose tissue (SAT) area. A single reader, blinded to the
results of the study, performed all image analysis.

2.1.2. Gene expression
Total RNA was extracted from tissue samples after

homogenization in guanidine thiocyanate buffer and by
CsCl gradient modified as previously reported [23]. Gene
expression analysis was performed as previously reported
[22]. Briefly, 1.5 μg RNAwas reverse-transcribed with high-
capacity complementary DNA reverse transcription kits with
RNase inhibitor (Applied Biosystems, Warrington, Cheshire,
United Kingdom). Real-time gene expression of human CB1
receptor was performed in triplicate by using TaqMan Gene
Expression Assay (Hs00275634_m1; Applied Biosystem,
Weiterstadt, Germany) using an ABI 7300 for real-time
polymerase chain reaction (Applied Biosystems, Darmstadt,
Germany) with the standard curve method. 18S ribosomal
RNA and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) were used to normalize the differences in starting
total RNA and different efficiency of complementary DNA
synthesis among samples. There was no difference in the
expression results when normalized to GAPDH or 18S
ribosomal RNA and GAPDH expression levels were stable
and independent of obesity in the whole population.

2.1.3. Extraction and quantification of ECs from
adipose tissue

Tissue samples were homogenized in chloroform/meth-
anol/TRIS-HCl 50 mmol/L, pH 7.4 (2:1:1, vol/vol), contain-
ing 10 pmol of [2H]8-AEA and 50 pmol of [2H] 5-2-AG as
internal deuterated standards (purchased from Cayman
Chemicals, Ann Arbor, MI). The extract was purified by
means of silica gel minicolumns, and the eluted fraction
containing AEA and 2-AG was analyzed by means of liquid
chromatography–atmospheric pressure–mass spectrometry
conducted as described previously [24]. Analyses were
carried out in the selected ion-monitoring mode using m/z
values of 356 and 348 (molecular ions +1 for deuterated and
undeuterated AEA) and 384.35 and 379.35 (molecular ions
+1 for deuterated and undeuterated 2- AG). The AEA and 2-
AG levels were calculated by isotope dilution and are
expressed as picomoles per gram of wet tissue weight.

2.1.4. Microvascular damage in human kidney
The evaluation was carried out in paraffin-embedded and

hematoxylin and eosin–stained serial sections. The presence
of the following changes in the wall of the interlobular and
afferent arterioles was evaluated in 10 consecutive low-
power fields (at 10×) in the renal cortex 4 cm away from the
tumor in areas devoid of inflammation: subendothelial
hyalinosis, intimal hyperplasia, smooth muscle hyperplasia,
and wall fibrosis. Based on these features, the patients were
categorized as initial MVDa (without MVDa or with
subendothelial hyalinosis, intimal hyperplasia, or smooth
muscle hyperplasia) or advanced MVDa (wall fibrosis and
arteriolar sclerosis). The percentage of obsolescent glomeruli
was also calculated.

2.1.5. Determination of adiponectin concentrations
Plasma adiponectin levels were analyzed in relation to EC

levels and CB1 expression in human perirenal VAT. Indeed,
adiponectin is exclusively secreted from adipose tissue; and
its high–molecular-weight (HMW) multimeric form better
predicts metabolic parameters than total adiponectin [15].

Serum levels of total and HMW adiponectin multimers
were determined by human adiponectin enzyme-linked
immunosorbent assay kit (Linco Research, St Charles, MO)
on whole serum kept at 80°C before use. The intraassay
and interassay coefficients of variation were 4.5% and
7.2%, respectively.

2.1.6. Genotyping
Genomic DNA was extracted from peripheral blood cells

using the NucleoSpin Blood Kit (MACHEREY 180 NAGEL,
Duren, Germany) following the kit-suggested procedure.

Genotyping for 3813A/G (rs 12720071) SNP in the exon 4
of the CB1 gene was carried out by polymerase chain reaction
(using 5′-GAGTTGAAAGGCAAAAGCTAGGTTT-3′
[forward] and 5′ GGGACACAGAAGACAGTCACAA-
TAT-3′ [reverse], respectively). The amplicons were
subjected to HinfI restriction enzyme digestions, and the
genotype was determined by 2.5% agarose gel electro-
phoretic analysis.

2.2. Obese-hypertensive patients

We recruited 280 consecutive nondiabetic (exclusion by
oral glucose load when required) OH patients (aged ≤65
years) from our “Hypertension Excellence Centre” (as
certified by the European Society of Hypertension) that
represented a larger sample of a population already described
[25]. Obesity was defined as BMI of at least 30 kg/m2. Hy-
pertension was defined as SBP of at least 140 mm Hg, DBP
of at least 90 mm Hg, or current antihypertensive therapy.
Secondary forms of hypertension were excluded. Metabolic
syndrome was defined in accordance with the Adult
Treatment Panel III criteria (any 3 or more of the following
criteria: waist circumference≥102 cm in men and≥88 cm in
women, triglycerides≥150 mg/dL, BP 140/90 mm Hg, HDL
cholesterol ≤40 mg/dL in men and ≤50 mg/dL in women,
and fasting glucose ≥100 mg/dL or diabetes).

In the OH population, blood was drawn after an overnight
fast to measure glucose, total and HDL cholesterol, and
triglyceride plasma levels. Clinical dosages were carried out
using commercial kits available in our certified University
Hospital Central Laboratory. The study protocol was
reviewed and approved by the local Ethics Committee, and
written informed consent was obtained from all subjects.
Genotyping analysis of these OH patients was done as
described above.
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2.3. Statistical analysis

Hardy-Weinberg equilibrium was tested with χ2 test.
Difference between genotypes in CB1 gene expression
levels according to CB1 variant or presence/absence of
MVDa in perirenal adipose tissue of 30 patients undergoing
nephrectomy was tested using the Student t test. The
resulting gene expression data were calculated using the 2-
delta delta Ct method. Correlations among fat area, EC
levels, and Cnr1 expression were assessed using the
Pearson correlation test. Analysis of variance adjusting for
age, BMI, number of antihypertensive drugs, and statins
was used to analyze clinical values across CB1 genotypes in
a subset of 256 OH patients, a subset where all these data
were available. The unadjusted odds ratio (OR) for MetS in
subjects carrying 3813G variant was calculated. Logistic
regression analysis was then used to confirm the indepen-
dent effect of this variant on MetS. Variables entered in the
logistic regression model were age, sex, BMI, and
hypertensive drugs. Statistical analysis was performed
with SPSS 13.0 (SPSS, Chicago, IL). A level of P b .05
was considered as significant.
3. Results

There were no significant differences between whole
population (n = 30) and subset patients (available for EC
quantification and CT image analyses, n = 12) regarding
clinical data and adiponectin plasma levels (Table 1).

Perirenal adipose tissue area was correlated with total
VAT area (r = 0.697, P = .025) as evaluated from the
analysis of the available abdominal CT scan images (n = 12),
suggesting that perirenal adipose tissue expands similarly to
total VAT, thus contributing to visceral obesity (Fig. 1A).

A significant positive correlation was found between
normalized CB1 mRNA levels in perirenal VAT and the
perirenal VAT area, and also between normalized CB1
mRNA levels in perirenal VAT and total VAT area
Table 1
Clinical profile of patients undergoing nephrectomy (n = 30)

n = 30 n = 12 P value

Age (y) 64.8 (2.0) 66.3 (2.1) .511
BMI (kg/m2) 27.2 (0.3) 27.9 (1.3) .441
Waist circumference (cm) 100.5 (1.9) 101.7 (4.5) .676
Total cholesterol (mg/dL) 190.1 (9.1) 177.8 (22.7) .119
HDL cholesterol (mg/dL) 38.8 (2.0) 36.1 (3.6) .475
LDL cholesterol (mg/dL) 122.9 (8.0) 106.9 (17.5) .160
Glycemia (mg/dL) 84.2 (4.3) 77.4 (7.9) .266
Triglycerides (mg/dL) 131.4 (1.8) 155.9 (23.5) .113
SBP (mm Hg) 140.4 (21.4) 139.2 (2.9) .764
DBP (mm Hg) 82.7 (11.4) 84.8 (3.5) .426
Total adiponectin (μg/mL) 19.0 (2.8) 18.3 (3.7) .0884
Adiponectin HMW (μg/mL) 5.8 (1.8) 6.1 (5.5) .899

Data are mean and standard deviation.

Fig. 1. A, Significant correlation between perirenal adipose tissue and VAT
area (in square millimeters) measured by CT scan. B, Significant correlation
between CB1 mRNA levels in the perirenal adipose tissue and perirenal
adipose tissue area (in square millimeters) measured by CT scan. C,
Correlation between CB1 mRNA levels in perirenal adipose tissue and total
fat depots area (in square millimeters) measured by CT image analysis. P b
.05 was considered as significant correlation (n = 12).
(Fig. 1B, C; r = 0.666, P = .018 and r = 0.728, P = .005,
respectively; n = 12).

Despite the small number of samples analyzed (n = 12),
AEA levels in the perirenal VAT correlated with CB1
expression in these same tissues (Fig. 2; r = 0.728, P = .005).
No correlation was found between 2-AG levels in perirenal



Fig. 2. Significant positive correlation between CB1 mRNA levels and AEA
levels in perirenal adipose tissue. P b .05 was considered as significant
correlation (n = 12).

ig. 4. Comparison between CB1 mRNA levels in perirenal VAT in carriers
= 19) and noncarriers (n = 11) of the 3813G variant. Data are presented as
eans ± SEM, and P b .05 was considered significant.
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VAT and perirenal or total VAT area, or with perirenal VAT
CB1 mRNA expression.

Higher levels of VAT CB1 mRNA were found in patients
with more advanced MVDa, characterized by the presence of
arteriolar sclerosis, than in patients without MVDa or with
initial MVDa (Fig. 3; P = .046, n = 30).

Total plasma adiponectin levels were associated with
increased HDL cholesterol concentration (r = 0.408, P =
.047, data not shown), whereas HMW adiponectin was
significantly but negatively correlated with glomerular
Fig. 3. A, Section of kidney cortex without MVDa evaluated by hematoxylin
and eosin staining. B, Section of kidney cortex with severe hyperplasia and
fibrosis evaluated by hematoxylin and eosin staining. C, CB1 mRNA levels in
perirenal VAT in patients with different severity of arteriolar MVDa. Patients
with more advanced MVDa (characterized by the presence of arteriolar
sclerosis, n = 11) had significantly higher CB1mRNA levels in VAT. Data are
presented as means ± SEM, and P b .05 was considered significant.
F
(n
m

sclerosis percentage (r = −0.39, P = .045, data not shown).
No relationship was found between adiponectin levels and
CB1 gene variant (data not shown).

To assess the effect of the 3813A/G CB1 mutation on
CB1 gene expression, we analyzed CB1 mRNA levels in
perirenal VAT. A significantly lower (about 40%) expres-
sion was found in patients with the 3813G allele in
comparison with 3813A carriers (Fig. 4; P = .009, n = 30).

Finally, to study the effect of this CB1 variant on
clinical and anthropometric parameters, we analyzed a
relatively large group of OH patients at high risk of
developing MetS. Table 2 shows the clinical character-
istics of OH patients. The 3813 A/G polymorphism
distribution was in Hardy-Weinberg equilibrium (P =
.527). Because of the low number of homozygous for the
CB1 variant (G3813G, n = 3), subjects were grouped into
carriers (3813G, n = 66) and noncarriers (3813A, n =
214). After characterization of OH patients by the absence
or presence of MetS (as shown in Table 3), the 3813G
CB1 variant was found to be an independent predictive
factor for lack of MetS in both unadjusted (OR, 0.385;
95% confidence interval [CI], 0.2-0.7; P = .003) and
adjusted models (OR, 0.398; 95% CI, 0.2-0.9; P = .032;
n = 256), thus suggesting a possible protective role of this
able 2
linical characteristics of OH patients

H patients (n = 280)

ge (y) 51.2 (0.6)
MI (kg/m2) 34.0 (0.3)
aist circumference (cm) 108.8 (0.9)
otal cholesterol (mg/dL) 208.6 (2.6)
DL cholesterol (mg/dL) 43.9 (0.7)
riglycerides (mg/dL) 164.5 (6.4)
DL cholesterol (mg/dL) 132.0 (2.2)
lycemia (mg/dL) 100.9 (1.8)
BP (mm Hg) 146.3 (1.2)
BP (mm Hg) 92.0 (0.8)
BP (mm Hg) 109.5 (0.9)

ata are mean and standard error. MBP indicates mean blood pressure.
T
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Table 3
Risk factors for MetS in a subset of 256 OH patients genotyped for the CB1 A3813G SNP

No MetS MetS Unadjusted OR (95% CI) P Adjusted OR (95% CI) P

CB13813A homozygous 33 (16.9) 162 (83.1.) 0.39 (0.20-0.74) .004 0.375 (0.19-0.74) .005
3813G carriers 21 (20.4) 40 (65.6)
Age 1.026 (1.00-1.06) .137
Sex (male) 0.639 (0.34-1.22) .173
BMI 1.153 (1.06-1.26) .001

The results are from Fisher exact test and logistic regression analysis. Nagelkerke R2 of the logistic regression model = 0.2.

739M. Bordicchia et al. / Metabolism Clinical and Experimental 59 (2010) 734–741
variant against MetS development despite the high risk of
the population studied. No differences were found between
carriers and noncarriers regarding other clinical and
anthropometric parameters.
4. Discussion

Our findings indicate that increased total visceral
adiposity in individuals within a wide range of BMI and
blood pressure is related to increased CB1 gene expression in
perirenal VAT, which in turn is associated with increased
VAT AEA, but not 2-AG, levels. Considering that increased
total visceral adiposity was also associated with increased
amounts of perirenal VAT, these findings indicate that
higher amounts of VAT are very likely to be accompanied by
up-regulation of the ECS in perirenal VAT.

We also found that this up-regulation of CB1 receptor
expression was associated with renal MVDa, thus possibly
suggesting that an overactive ECS in perirenal VAT might
contribute to this typical consequence of hypertension and
visceral adiposity. These findings are in agreement with
previous data showing a possible causative role of the up-
regulated ECS in renal failure in animal models of obesity. In
fact, in the kidneys of mice with high-fat diet–induced
obesity, higher levels of both AEA and 2-AG were detected
[26], whereas antagonism of CB1 receptors with rimonabant
in obese Zucker rats with renal complications caused a
significant amelioration of renal hypertrophy and glomerular
and tubulointerstitial lesions [27]. Indeed, it is well
documented that chronic kidney damage is more frequent
and more severe in obesity [3,4]; and increased adiposity
seems to be causally linked, directly or indirectly, to the
development of vascular damage, thus contributing to
chronic renal disease [28]. Dysregulation of the levels of
either ECs or CB1 receptor mRNA in the blood and VAT or
omental fat, respectively, of obese patients has been reported
in several studies. An increase of circulating 2-AG and AEA
concentrations, or of AEA only, in obese postmenopausal
women or in women with binge-eating disorder, respective-
ly, was reported [6,29]. In untreated asymptomatic obese
men, plasma 2-AG, but not AEA, levels were related with
intraabdominal adiposity and several cardiometabolic risk
factors such as high triglycerides, low HDL cholesterol, and
indices of low insulin sensitivity [8]. Similar findings were
also observed in obese women [7]. More importantly,
correlations were found also between decreases in plasma 2-
AG, but not AEA, levels and reductions in these cardiometa-
bolic risk factors, both obtained after lifestyle-induced
reduction of intraabdominal obesity [9].

In the only study in which EC levels were analyzed in a
VAT depot, 2-AG, but not AEA, levels were found to be
higher in obese vs normal-weight individuals [30]. In
nonperirenal VAT samples from obese patients, CB1
mRNA levels were negatively correlated with VAT and
circulating 2-AG [7]. Here, we did not observe any
association between perirenal VAT AEA levels and most
anthropometric and metabolic parameters, whereas perirenal
VAT CB1 mRNA levels were positively correlated with
VAT amounts and AEA levels. These discrepancies with
other studies are likely to be explained by the different tissue
(perirenal VAT vs blood or omental fat) and the smaller
number of patients studied. Moreover, we have studied both
male and female patients within a wide range of BMI, going
from normal weight to obese, but with average BMI much
lower than that of previously studied cohorts. The overac-
tivity of ECS has also been related to decreased adiponectin
production [30], and increased circulating 2-AG levels in
male obese patients are associated with decreased circulating
adiponectin [8]. Visceral adipose tissue might be linked to
vascular damage through adiponectin, which is reduced in
obesity and increases, concomitantly with reduction of
intraabdominal fat, after CB1 antagonism in both rodent
and human obese individuals [9,31,32]. The CB1 antagonists
are also able to reverse several cardiometabolic risk factors
that are worsened by adiponectin deficiency, such as insulin
resistance, reduced HDL cholesterol, and elevation of small,
dense, and oxidation-prone low-density lipoprotein (LDL)
particles [9], which are key factors of vascular damage in
large and small arteries. Here we found that lower circulating
HMW adiponectin was associated with increased glomer-
ulosclerosis, thus supporting the key role of adiponectin as a
protective hormone for micro- and macroarterial vessels.
However, we could find no association between perirenal
VAT EC or CB1 mRNA levels and circulating HMW
adiponectin levels.

The second major aim of the present study was to
investigate the role of genetics as a contributor to ECS
derangement in obesity. Indeed, we report here for the first
time that reduced perirenal VAT CB1 expression levels are
associated with the presence of the 3813G alleles, thus
suggesting a role for genetics in determining ECS activity. It
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is important to note that the 3813G variant is localized in the
3' untranslated region of Cnr1 and is known to contain
regulatory sequences for mRNA stability and for the control
of the translation process [33,34]. Moreover, in our OH
patients, the 3813G variant was associated with lower
prevalence of the MetS, thus behaving as a protective factor
against this cluster of pathologic conditions. Although
statistical associations do not demonstrate cause-effect
relationships, these data overall support the hypothesis that
genetic variations at the CB1 locus, by potentially affecting
CB1 mRNA levels, as shown above for the perirenal VAT,
might reduce the risk of developing the MetS in OH patients.
These data are seemingly in contrast with the findings by
Russo et al [20], who showed an association of the 3813G
variant in Cnr1 with increased subscapular skinfold
thickness, an index of general subcutaneous adiposity, and
with high waist circumference, which is usually considered
related to visceral fat. However, when visceral adiposity is
on average very low, as in the case of the cohort analyzed in
this previous study, waist circumference might become
instead a marker of abdominal SAT. Therefore, the data by
Russo et al [20] may not be at variance with the present
findings, as they might be interpreted to suggest the
association of 3813G with high SAT vs VAT amounts,
which in turn might decrease the risk of developing MetS in
obese populations.

Some limitations of the present study should be taken into
account. Firstly, kidney and adipose tissues were collected
from patients with intracapsular renal carcinoma, which,
although localized, might have some systemic effect.
Nonetheless, tissues were taken from a healthy kidney
portion quite far from the cancerous lesion, this approach
having been used also by others [35]. Secondly, although
perirenal adipose tissue is localized in the retroperitoneal
space and drained into the systemic venous system, different
studies underline the similarities (in terms of anatomy,
glucose uptake, lipid metabolism/fatty acid composition,
adiponectin production, and clinical metabolic significance)
between perirenal and intraabdominal adipose tissues
[35-38]. Thus, the perirenal adipose tissue could be
considered as an indicator of visceral obesity and cardio-
vascular risk factors in the MetS and is a depot that is
believed to be particularly active in metabolism [37].

Finally, the small number of patients and tissue samples
may represent another limitation of this study, although we
shown that well-established correlations such as between
adiponectin levels and HDL were maintained in the cohort
used in this study, thus suggesting that the latter constitutes a
representative sample of the general population, likely
suitable to investigate the correlations between adiponectin
and EC levels with clinical data.

In summary, our data suggest that increased visceral
adiposity is associated with higher amounts of perirenal
VAT and with overactivation of the ECS due to increased
AEA levels and CB1 expression in this latter tissue. Such
ECS overactivity might be indirectly related to MVDa and
glomerular sclerosis, perhaps also through lower adiponectin
levels. Moreover, our results on the A3813G variant of Cnr1
indicate that genetics might impact on CB1 expression level,
which appears to be a key component of the resulting ECS
overactivation and, subsequently, on the risk of developing
the MetS in at-risk populations such as the OH. Overall, our
results support the concept that a dysregulated ECS plays an
important role in augmenting cardiometabolic risk [10].
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