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Abstract Despite well-established variations in the
health risks posed by visceral vs. subcutaneous abdom-
inal (SCABD) fat depots, surprisingly little is known on
the differences within a given adipose tissue (AT)
among severely obese patients displaying varying met-
abolic dysfunction. We thus compared, by quantitative
PCR, the expression profile of a number of genes in the
SCABD, omental (OME), andmesenteric (MES) depots
of severely obese women with (DYS; n=25) or without
(NDYS; n=23) a dysmetabolic profile. Fasting
insulinemia and HOmeostasis Model Assessment-
insulin resistance (HOMA-IR) were higher and plasma
adiponectin level lower in DYS women (p<0.05).
Among enzymes involved in fatty acid metabolism
and local cortisol production, phosphodiesterase-3B ex-
pression was lower in SCABD andMES fat, while 11β-
hydroxysteroid dehydrogenase type 1 mRNA levels

were higher in visceral depots of DYS women
(p<0.05). Regarding vascular homeostasis and inflam-
mation, plasminogen activator inhibitor-1 and
interleukin-6 mRNA levels were higher in OME fat,
while adiponectin expression was lower in SCABD
and OME ATs of DYS women (p<0.05). Finally,
HOMA-IR was positively associated with SCABD AT
IL6 mRNA, only in DYS women (r=0.47; p<0.05). In
conclusion, although metabolic and secretory character-
istics of all depots vary with subjects’metabolic profile,
we find little evidence for a protective role of SCABD
ATand no evidence for a further deleterious role ofMES
fat in DYS vs. NDYS severely obese women. Regional
variation in the overall gene expression revealed that
OME and MES fat were more closely related to each
other in DYS women, while SCABD and MES depots
showed greater resemblance in NDYS women.
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Introduction

The prevalence of severe obesity continues to dramati-
cally increase in Canada [18]. However, more important
than adiposity per se for health is the distribution of
adipose tissue (AT). In this regard, the accumulation of
visceral abdominal fat is known to be closely associated
with increased coronary heart disease (CHD) risk and
premature death [10]. This is likely the result of the
differential secretion and function of the various fat
depots found throughout the organism [1, 37].

Obesity is considered a low-grade inflammatory
state, reflected by AT secretion of numerous factors
among which high interleukin-6 (IL-6) and tumor ne-
crosis factor-α (TNF-α) vs. low adiponectin levels may
be involved in the development of metabolic syndrome
(MetS) and its related comorbidities [2]. The increased
obesity-related CHD risk has previously been related to
a higher AT express ion and product ion of
angiotensinogen and plasminogen activator inhibitor-1
(PAI-1) [17, 20]. AT is a major site for glucocorticoid
metabolism through the 11β-hydroxysteroid dehydro-
genase type 1 (11β-HSD1), a key enzyme involved in
local production of cortisol [24] which activates a class
of nuclear receptors, the peroxisome proliferator-
activated receptors-gamma (PPAR-γ) that control adi-
pogenesis and modulate fat mass accretion [14]. AT
mass expansion is also determined by the functional
balance between lipid storage and mobilization, mainly
through lipoprotein lipase (LPL) and hormone-sensitive
lipase (HSL) activities [15] whose main regulatory hor-
mones are catecholamines acting on both α2- and β-
adrenoceptors (ARs), but also via PDE-3B through
which insulin exerts its antilipolytic and lipogenic ef-
fects [22].

Although regional variation in AT metabolism and
secretory function is well recognized in obese individ-
uals [21, 42], few studies have examined the potential
contribution of visceral vs. subcutaneous abdominal
(SCABD) AT to the development of a dysmetabolic
profile and CHD risk in severely obese patients. In this
regard, insulin resistance (IR) rather than obesity has
already shown to be associated with altered gene ex-
pression of the insulin signaling cascade, especially in

omental (OME) fat of morbidly obese women [26].
Also, OME AT of severely obese women with IR was
characterized by an increased inflammatory state, when
compared to SCABD fat [25]. Although OME is con-
sidered as a major contributor to cardiometabolic risk
compared to the SCABD AT [1, 37], whether mesenter-
ic (MES) fat dysfunction plays an important role in IR
and MetS was not extensively studied, mainly because
of difficulties in accessing this depot for sampling.

To our knowledge, only two studies have examined
MES fat in the context of obesity-related complications
such as IR and type 2 diabetes (T2D). In the first,
examining morbidly obese patients with or without
T2D paired for age, adiposity, and blood pressure,
adiponectin gene expression was found to be down-
regulated in MES fat of diabetic subjects. However,
11β-HSD1 and PPAR-γ mRNA levels were up-
regulated in the MES depot but not in the SCABD and
OME fat of these subjects [45]. In contrast, the second
study, also conducted on morbidly obese patients paired
for age, sex, and physical and metabolic characteristics,
showed very few changes with IR in mRNA levels for a
wide variety of genes involved in inflammation, cell
signaling, and metabolism in the MES fat, despite a
number of changes in OME and SCABD depots [44].

Therefore, whether abnormal metabolic and secreto-
ry characteristics of MES fat occur with and could be
involved in the development of a dysmetabolic profile,
and thus pose a cardiometabolic risk, need to be more
fully investigated in the context of severe obesity. The
aims of this study were thus (1) to compare AT gene
expression of fatty acid (FA) metabolism biomarkers
and secretory factors in various depots between severely
obese women with or without a dysmetabolic profile,
and (2) to explore relationships between AT gene ex-
pression and IR in DYS and NDYS patients.

Materials and methods

Selection of patients

This study included Caucasian pre-menopausal severely
obese women characterized by body mass index (BMI)
values greater than 40 kg/m2, who were candidates for
biliopancreatic diversion with duodenal switch surgery
[29] at the Quebec Heart and Lung Institute. Subjects
with hepatotoxic medication, history of hepatitis, prior
weight-loss surgery, smoking and/or consuming more
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than 100 g of alcohol per week were excluded. The
experimental design was approved by our local hospital
and university ethics committees (Laval University
Ethics Committee approval CERUL # 2004-108), and
all participants provided their written informed consent.

Forty-eight women paired for age and adiposity were
selected for our study. They were classified into two
subgroups according to the presence (DYS; n=25) or
absence (NDYS; n=23) of a dysmetabolic profile, de-
fined here as the presence of the three following fixed
criteria: fasting glucose ≥6.1 mmol/L, triacylglycerol
(TAG) ≥1.69 mmol/L, and high-density lipoprotein
(HDL)-cholesterol levels <1.29 mmol/L (Table 1).
These criteria are a subset of the clinical features of the
metabolic syndrome as defined in the NCEP-ATPIII
report [33]. Resting blood pressure (BP) was not used
as more than half of all of our subjects were hyperten-
sive [11]. Waist circumference was also not used due to
its poor ability to predict the prevalence of metabolic
abnormalities in severely obese women, as previously
shown by our group [12]. For these reasons, we chose to

use the term Bdysmetabolic profile^ instead of MetS to
describe our metabolically deteriorated subjects.
Thirteen of the 25 DYS women were diabetic according
toWHOguidelines [43], although nonewas treated with
glitazones.

Anthropometric, body fat distribution and blood
pressure measurements

Patients were weighed in a light gown on an electronic
Toledo scale adapted for body weight higher than
136 kg, and BMI was calculated as the ratio of weight
(kg) to height squared (m2). Body fat distribution was
assessed using waist circumference measured in a stan-
dard position at the widest circumference of the umbil-
ical level. Resting BP measurements were performed at
the Quebec Heart and Lung Institute, the day before
bariatric surgery by the nursing staff using Life Sign
(Welch Allyn Co., Skaneatles, NY) with a large cuff
while subjects were recumbent [6].

Table 1 Physical and metabolic characteristics of dysmetabolic (DYS) and non dysmetabolic (NDYS) severely obese women

DYS women NDYS women p
(n=25) (n=23)

Age (years) 37±8 39±9 0.37

Body weight (kg) 143±34 136±23 0.72

Body mass index (kg/m2) 54±13 53±9 0.34

Waist circumference (cm) 143±19 134±16 0.07

Systolic blood pressure (mmHg) 140±17 141±13 0.83

Diastolic blood pressure (mmHg) 87±13 85±8 0.45

Cholesterol (mmol/L) 4.83±1.19 4.87±0.78 0.89

LDL-cholesterol (mmol/L) 2.78±1.09 2.85±0.76 0.79

HDL-cholesterol (mmol/L) 1.11±0.34 1.58±0.26 0.0001

Triaclyglycerol (mmol/L) 2.12±0.78 0.98±0.33 0.0001

Fasting glucose (mmol/L) 8.5±2.9 4.8±0.4 0.0001

Cholesterol/HDL-cholesterol 4.48±1.33 3.11±0.65 0.0001

Fasting insulin (μU/mL) 50.7±37.9 32.6±24.3 0.05

HOMA index (insulin resistance) 19.6±16.7 6.9±5.2 0.0013

Plasma adiponectin (μg/mL) 6.4±3.0 9.2±3.1 0.0035

Plasma PAI-1 (ng/mL) 156.3±76.8 151.2±75.4 0.64

Plasma TNF-α (pg/mL) 2.0±0.8 1.7±0.4 0.07

Plasma interleukin-6 (pg/mL) 4.9±2.6 4.6±2.2 0.37

Values are means±SD

LDL low-density lipoprotein, HDL high-density lipoprotein, PAI-1 plasminogen activator inhibitor-1, TNF-α tumor necrosis factor-α,
HOMA HOmeostasis Model Assessment
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Lipid-lipoprotein and inflammatory profiles

Blood sampling was performed in the morning after a
12 h-overnight fast. Plasma cholesterol, HDL-cholester-
ol, low-density lipoprotein (LDL)-cholesterol, TAG,
and fasting glucose concentrations were evaluated by
routine methods in the clinical laboratories of the
Quebec Heart and Lung Institute. Plasma insulin con-
centrations were determined by a high-sensitivity en-
zyme-linked immunosorbent assay (ELISA) (Cedarlane
Laboratories Ltd, Hornby, Ontario, Canada). Insulin
resistance based on the HOmeostasis Model
Assessment (HOMA) index was evaluated according
to the following equation: insulin (μUI/mL)×glucose
(mmol/L)/22.5 [30]. Plasma TNF-α and IL-6 concen-
trations were measured by a high-sensitivity ELISA
(R&D Systems Inc., Minneapolis, MN). The run-to-
run coefficients of variation were less than 10 % for
IL-6 and TNF-α [6]. Plasma adiponectin concentrations
were determined by ELISA (B-Bridge International,
Inc., San José, CA), and intra- and inter-assay coeffi-
cients of variation were 3.3 and 7.4 %, respectively [6].
Finally, another blood sample was collected in plastic
tubes containing trisodium citrate anticoagulant with
great care in order to minimize platelet activation.
Plasma PAI-1 antigen levels were measured by ELISA
using Asserachrom PAI-1 kits from Diagnostica Stago
(Asnières, France), and both intra- and inter-assay coef-
ficients of variation were less than 5 % [5].

Adipose tissue biopsies

All adipose tissue samples were recovered following an
overnight (12-h) fast. General balanced anesthesia was
induced by a short-acting barbiturate and maintained by
fentanyl and a mixture of oxygen and nitrous oxide.
Patients did not receive drugs acting on the autonomic
nervous system or modifying catecholamine levels [6].
After surgical excision, AT samples of 200 mg approxi-
mately were obtained from the three adipose depots under
consideration: the superficial SCABD AT (near the umbi-
licus), an extraperitoneal fat drained by the systemic circu-
lation, as well as the OME and MES ATs, two intraperito-
neal depots drained by the portal vein to the liver [37]. SC
ABD fat was removed at the start of the surgery, whereas
OME and MES ATs were taken 15–30 min later. From
these samples, 100 mg were used for quantification of
selected AT gene mRNA levels. All measurements were
performed in duplicate.

RNA preparation and quantification of AT gene mRNA
levels

Briefly, about 5 to 10 μg of total RNA was extracted
from 100 mg of each AT sample using RNeasy Mini
Kits (Qiagen, Mississauga, Ontario, Canada). This tech-
nique integrates phenol-guanidine lysis and silica gel-
membrane purification of total RNA. The isolated total
RNA concentration was quantified by absorbance at
260 nm, and its integrity was verified using agarose gels
(1 %) stained with ethidium bromide. The 260/280 nm
absorption of all preparations ranged between 1.9 and
2.1. For each sample, 1 μg of total RNA was reverse
transcribed into complementary DNA (cDNA), using
SuperScript II Reverse Transcriptase kit (Invitrogen
Canada, Burlington, Ontario), and 50 ng of cDNAwere
used for quantitative polymerase chain reaction (qPCR).
AT mRNA levels were quantified by fluorescent quan-
titative PCR on a Rotor Gene 3000 (Corbett Research,
Montreal Biotech, Kirkland, Québec, Canada), using
the SYBR Green Jump Start TAQ ready mix (Sigma-
Aldrich, Oakville, Ontario, Canada) [6]. The 13 genes
examined were classified into four Bfamilies^: FA me-
tabolism (LPH, HSL, PDE-3B, α2- and β2-ARs), in-
flammation (TNF-α, IL-6, and adiponectin), vascular
homeostasis (PAI-1 and angiotensinogen), adipogenesis
(PPAR-γ1/γ2) and local cortisol production (11β-
HSD1). Primer forward and reverse sequences for the
genes of interest and the housekeeping gene, as well as
the corresponding PCR conditions for their use, are
shown in Table 2. PCR reactions consisted of an initial
denaturation step at 95 °C for 2 min, followed by x
cycles (specified in Table 2) composed of 20 s at
95 °C, 20 s annealing at 60 or 64 °C depending on the
gene, and 20 s elongation at 72 °C. Reactions were then
heated to between 72 and 99 °C in steps of 1 °C for 5 s to
obtain the melting curve and to confirm a single PCR
product. The mRNA levels were calculated using the
standard curve method (Rotor Gene 3000) and normal-
ized to glyceraldehyde phosphate dehydrogenase which
was used as the housekeeping gene.

Statistical analyses

Results are presented as means±standard deviation
(SD) in tables and as means±standard error (SE) in
figures. Student t tests were used to compare group
(DYS vs. NDYS) characteristics. Between-group differ-
ences and regional variation were evaluated by two-way
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analysis of variance (ANOVA). Post hoc analysis using
Bonferroni correction was used to compare expression
of genes between the three fat depots and across condi-
tions. Hierarchical clustering analysis in JMP 9 (SAS
Institute) software was used to determine the relatedness
of adipose depots, based on the patterns of overall gene
expression, in DYS and NDYS patients considered
separately. Associations between variables of interest
were quantified by linear regression analysis using
Pearson’s product moment correlation coefficients.
Analyses were conducted using SAS software (version
9.1.6 for Windows) or JMP software (version 9 for

Macintosh), and statistical significance was considered
attained at p<0.05.

Results

Characteristics of DYS and NDYS patients

Comparisons between DYS and NDYS women are
shown in Table 1. As expected by our pairing procedure,
no between-group difference was observed for age,
body weight, and BMI. Also, DYS women showed

Table 2 Primer sequences and PCR conditions for genes of interest

Gene Annealing T Ct Primers

PPAR-γ1 60 °C 35 F 5′-AAAGAAGCCGACACTAAACC-3′

R 5′-CTTCCATTACGGAGAGATCC-3′

PPAR-γ2 60 °C 35 F 5′-GCGATTCCTTCACTGATAC-3′

R 5′-CTTCCATTACGGAGAGATCC-3′

PAI-1 60 °C 40 F 5′-AGCTCATCAGCCACTGGAAA-3′

R 5′-CCATGAAAAGGACTGTTCCTG-3′

IL-6 64 °C 40 F 5′-GAAGATTCCAAAGATGTAGCCGC-3′

R 5′-CTGGCTTGTTCCTCACTACTCTCAA-3′

TNF-α 64 °C 35 F 5′-AAGCCTGTAGCCCATGTTGTAGC-3′

R 5′-TGATGGCAGAGAGGAGGTTGAC-3′

Acrp30 64 °C 30 F 5′-GCTGTTGCTGGGAGCTGTTCTA-3′

R 5′-ACTCCGGTTTCACCGATGTCTC-3′

AGT 64 °C 40 F5′-CTGGACTTCACAGAACTGGATGTTG-3′

R 5′-CTCAGTGAAGGGCACTTGAGTCA-3′

11β-HDS1 64 °C 35 F 5′-TTGGAGCAGCCTCAGCACACTA-3′

R 5′-CAGCAACCATTGGATAAGGCAC-3′

HSL 64 °C 40 F 5′-CCCCCATCATCTCCATCGACTA-3′

R 5′-GCTGACACACTTGGAGAGCACA-3′

LPL 64 °C 30 F 5′-ACACAGCTGAGGACACTTGC-3′

R 5′-CACTGGGTAATGCTCCTGAG-3′

PDE-3B 64 °C 40 F 5′-GATGGGAGAGAAATCAGGAAGGA-3′

R 5′-TCAGGATTAGAGCAGCTCTTCGA-3′

α2-AR 64 °C 30 F 5′-GGCCTGCTCATGCTGCTCACC-3′

R 5′-TCGCACCAAGTCTTGCCGAAGT-3′

β2-AR 64 °C 35 F 5′-ACAGCCATTGCCAAGTTCGAG-3′

R 5′-ATGATCACCCGGGCCTTATTCTT-3′

GAPDH 64 °C 35 F 5′-ATCACCCCTTCATTGACCTCAAC-3′

R 5′-GGTTCACACCCATGACGAACATG-3′

F forward, R reverse, T temperature, Ct cycle threshold, PCR polymerase chain reaction, PPAR-γ peroxisome proliferator-activated
receptors-gamma, PAI-1 plasminogen activator inhibitor-1, IL-6 interleukin-6, TNF-α tumor necrosis factor-α, Acrp30 adiponectin, AGT
angiotensinogen, 11β-HSD1 11β-hydroxysteroid dehydrogenase type 1, HSL hormone-sensitive lipase, LPL lipoprotein lipase, PDE-3B
phosphodiesterase-3B, AR adrenoreceptor, GAPDH GlycerAldehyde Phosphate DeHydrogenase
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higher fasting glucose and triacylglycerol levels as well
as lower HDL-cholesterol concentrations than NDYS
women. Although being higher than the healthy thresh-
olds defined according to the NCEP-ATPIII guidelines
[33], resting systolic and diastolic blood pressures were
comparable in both groups. Also, waist circumference
tended to be higher in DYS than in NDYS women. The
cholesterol/HDL-cholesterol ratio was higher in DYS
than in NDYS patients. IR, as reflected by a higher
fasting insulinemia and HOMA index, was greater in
DYS women. Plasma adiponectin concentrations were
lower in DYS than in NDYS women, while trends for
higher TNF-α concentrations were observed in the for-
mer. Finally, neither IL-6 nor PAI-1 concentrations dif-
fered between groups.

Between-group differences and regional variation in AT
gene expression of FA metabolism biomarkers

As illustrated in Fig. 1, neither LPL nor HSL expression
differed between groups, irrespective of fat depot. PDE-
3B expression was, however, lower in SC ABD and
MES adipose depots of DYS women (p<0.05).
Although LPL expression did not show regional varia-
tion, HSL mRNA levels were higher in the SCABD
than in the OME fat (0.01<p<0.05), regardless of pa-
tients’ metabolic profile. Also, PDE-3B expression was
the highest in SCABD and MES depots (0.0001<
p<0.005), in NDYS women, only.

As shown in Fig. 2, mRNA levels of the antilipolytic
α2-ARs were lower in SCABD and OME fat depots of
DYS women (0.005<p<0.05). Also, mRNA levels of

the lipolytic β2-ARs were respectively higher in
SCABD and lower in OME AT of these patients
(p<0.05).

The highest α2-AR expression was found in the
SCABD and OME depots (p<0.0001), while the lowest
β2-AR expression was observed in the SCABD fat of
NDYS women, exclusively (0.0001<p<0.005).

Between-group differences and regional variation in AT
gene expression of inflammatory factors

As shown in Fig. 3, TNF-α expression did not differ
between groups and sites, while IL-6mRNA levels were
higher in OME fat of DYS patients, only (p<0.05).
Adiponectin expression was lower in both SCABD
and OME fat depots of DYS women (0.005<p<0.05).
MES fat displayed the highest TNF-α expression
(p<0.0001), while IL-6 expression was higher in MES
than in SCABD fat of DYS women (p<0.05).
Adiponectin mRNA levels were the highest in the
SCABD AT of NDYS women (p<0.05).

Between-group differences and regional variation in AT
gene expression of pro-thrombotic factors

Figure 4 shows a greater PAI-1 expression in OME fat
of DYS than in NDYS women (p<0.05), despite a lack
of between-group difference in angiotensinogen expres-
sion. PAI mRNA levels were the highest in OME fat of
DYS women (p<0.0001), while they were higher in the
OME than in the SCABD AT of NDYS women
(p<0.05). The highest angiotensinogen expression was
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observed in visceral fat depots, irrespective of the group
(0.0001<p<0.05).

Between-group differences and regional variation in AT
gene expression of adipogenesis and local cortisol
production

Neither PPAR-γ1 nor PPAR-γ2 expression differed
according to patients’ metabolic profile. However,
11β-HSD1 AT mRNA levels were higher in visceral
fat depots of DYS women (0.005<p<0.05). PPAR-γ2
mRNA levels were the highest in the MES fat, irrespec-
tive of the group (0.005<p<0.05). In both groups, 11β-
HSD1 mRNA levels were higher in OME than in other
depots (0.0001<p<0.01) (Fig. 5).

As summarized in Table 3, differences in the expres-
sion of genes between DYS and NDYS women are
found for all three depots studied. MES AT showed the
fewest differences between groups, with only two genes
differentially expressed. In the SCABD AT and OME
depots, four and six genes, respectively, were differently
expressed between groups.

Resemblance in overall gene expression within two fat
depots

Cluster analysis was used to measure the relatedness of
the fat depots on the basis of the greatest similarities in
the expression profiles for the 13 genes investigated, and
to verify whether this relatedness was different in DYS

*

d

d
**

SC  
ABD

OME MES

α2
A

R
 m

R
N

A
 

*

*

d

c

SC  
ABD

OME MES

β2
-A

R
 m

R
N

A
 

0,4

0,6

0,8

1

1,2

0,4

0,6

0,8

1

1,2

0

0,2

0

0,2

DYS

NDYS

Fig. 2 Between-group differences and regional variation in AT
mRNA levels of antilipolytic α2-ARs and lipolytic β2-ARs.
Values are means±SE. ARs adrenoreceptors, DYS dysmetabolic,

NDYS non dysmetabolic. Between-group differences at *p<0.05
and **p<0.005 and regional variation at cp<0.005 and dp<0.0001
are indicated

a

d

d

SC  ABD OME MES

T
N

F
α 

m
R

N
A

a

*

SC  
ABD

OME MES

IL
6 

m
R

N
A

*

** a

a

SC  
ABD

OME MES

A
cr

p-
30

 m
R

N
A2

2,5

2

2,5

1,5

2

2,5

0

0,5

1

1,5

0

0,5

1

1,5

0

0,5

1

DYS

NDYS

Fig. 3 Between-group differences and regional variation in AT
mRNA levels of inflammatory factors. Values are means±SE.
TNF-α tumor necrosis factor-α, IL-6 interleukin-6, Acrp30

adiponectin, DYS dysmetabolic, NDYS non dysmetabolic.
Between-group differences at *p<0.05 and **p<0.005 and regional
variation at ap<0.05 and dp<0.0001 are indicated

Regional fat and dysmetabolic profile in severe obesity 725



and NDYS patients considered separately. As shown in
Fig. 6, OME and MES fat were more closely related to
each other than to SCABD AT in DYS women. Of note,
visceral fat depots displayed comparable low LPL and
high IL-6 expressions. In contrast, SCABD and MES
ATs showed greater resemblance, when compared to
OME fat, in NDYS women. Of particular interest, the
expression of key enzymes involved in FA metabolism
(LPL, HSL, and PDE-3B) was closer in SCABD and
MES fat than in OME AT.

Relationships between IR and plasma or AT mRNA
levels of selected adipokines

As DYS women showed IR reflected by fasting hyper-
glycemia, hyperinsulinemia, and higher HOMA-IR, com-
pared to NDYS subjects (Table 1), whether these

metabolic indices were associated with plasma or AT
mRNA levels of selected adipokines, irrespective of the
anatomic location of fat, was examined in each group.
Only HOMA-IR was found to be positively but weakly
associated with IL6 mRNA levels in the SCABD AT (r=
0.47; p<0.05) but not in visceral depots of DYS women
(0.05<r<0.26). For all women combined (DYS and
NDYS), HOMA-IR was also positively and weakly relat-
ed to IL-6 mRNA levels in the SCABD AT (r=0.41;
p<0.005) but not in visceral fat (0.20<r<0.31) (not
shown).

Discussion

The main purpose of our study was to examine SCABD
vs. visceral AT gene expression of selected factors in
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severely obesewomen of similar age and adiposity, with or
without a dysmetabolic profile defined by higher fasting
glycemia and triglyceridemia as well as lower HDL-
cholesterol levels [6]. We measured a number of markers
of FA metabolism and local cortisol production, as well as
of inflammatory, pro-thrombotic, and adipogenic factors.

Results clearly showed that DYS women were char-
acterized by different AT gene expression patterns ac-
cording to the anatomic location of fat, when compared
to NDYS women. Indeed, lower expression of PDE-3B
and α2-ARs as well as of adiponectin vs. higher expres-
sion of β2-ARs were observed in the SCABD AT of
DYS patients. Although lower mRNA levels ofα2-ARs,
β2-ARs, and adiponectin vs. higher mRNA levels of IL-
6, PAI-1, and 11β-HSD1 were seen in the OME depot of

DYS subjects, lower expression of PDE-3B and higher
expression of 11β-HSD1 were the only between-group
differences found in the MES fat (Table 3).

Differences between SCABD, OME, and MES fat
have been little examined in this context, with the ex-
ception of two studies performed on morbidly obese
subjects with or without T2D [45], being IR or insulin
sensitive (IS) [44]. Our data are partly concordant with
those of Xu et al. [44] who reported very few differences
in the expression of numerous genes associated with
inflammation, metabolism, and cell signaling in the
MES depot of IR vs. IS morbidly obese subjects.
However, the lack of between-group differences in
TNF-α, angiotensinogen, and PPAR-γ1/γ2 expression,
irrespective of the fat depot, and the increased one of

Table 3 Summary of AT gene expression of biomarkers and secretory factors in DYS women

Gene family SCABD OME MES 

Fatty acid 

metabolism

LPL

HSL

PDE-3B

2-ARs

2-ARs

Inflammation TNF-

IL-6

Acrp30

Vascular 

homeostasis

PAI-1

AGT

Adipogenesis and 

local cortisol 

production

PPAR- 1

PPAR- 2

11 -HSD1

Black, statistically significant increased expression in DYS compared to NDYS; white, statistically significant decreased expression in DYS
compared to NDYS; dark gray, no statistical difference between groups. For all abbreviations, see legends to Figs. 1, 2, 3, 4 and 5
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PAI-1 in the OME AT are in contrast with the observa-
tions of Xu et al. [44]. In the latter study, TNF-α ex-
pression increased in the MES fat, only, while
angiotensinogen expression decreased in OME and
SCABD ATs of IR individuals, exclusively. In addition,
PAI-1 expression increased in SCABD and decreased in
OME fat, while it remained unchanged in the MES AT
of IR subjects. PPAR-γ increased in both SCABD and
MES ATs of IR patients, only. These discordances could
be explained by a number of differences between stud-
ies. For instance, Xu et al. [44] studied a small number
of IR vs. IS subjects (of both genders) who displayed
lower BMI values than ours and differed only according
to fasting insulinemia and HOMA-IR, and total
PPAR-γ, instead of its main isoforms 1 and 2, was
investigated. Also, the lack of between-group differ-
ences in PPAR-γ1/γ2 and adiponectin AT gene expres-
sion in our study is not consistent with the highest

PPAR-γ and the lowest adiponectin mRNA levels in
the MES fat of diabetic subjects reported by Yang et al.
[45]. Once again, differences between these data and
ours could be due to the above-cited reasons and to the
fact that they studied outright diabetic patients.

Moreover, the greater expression of 11β-HSD1
found in both visceral depots of DYSwomen is not fully
concordant with the highermRNA levels inMES than in
OME and SCABD ATs of diabetic patients reported by
Yang et al. [45]. The enhanced enzyme expression we
observed probably reflects elevated local cortisol pro-
duction resulting from an increased hypothalamic-
pituitary-adrenal axis, as reported almost 20 years ago
[4]. This does not, however, necessarily imply that
SCABD fat is not involved in cortisol secretion, as
11β-HSD1 was shown to be overexpressed in this depot
when compared to the OME fat of morbidly obese
subjects, irrespective of the presence of MetS [32].

DYS

NDYS

12345678910111213

Fig. 6 Clustering in overall gene expression between fat depots in
DYS and NDYS women. Briefly, each dendrogram is read from
the left to the right and vertical lines showed joined clusters. For
abbreviations, see legends of Figs. 1, 2, 3, 4, and 5. The 13 genes
examined were classified into four families: FA metabolism: 1

LPL, 2 HSL, 3 PDE-3B, 4 α2-ARs, 5 β2-ARs; inflammation: 6
TNF-α, 7 IL-6, 8 adiponectin; vascular homeostasis: 9
angiotensinogen, 10 PAI-1; and adipogenesis and local cortisol
production: 11 PPAR-γ1, 12 PPAR-γ2, 13 11β-HSD1
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Taken together, our data suggest that gene expression
profile of the MES fat is not further deteriorated and thus
does not exert a greater deleterious impact on obesity-
related metabolic complications than OME AT, in DYS
women. Whether the dysmetabolic profile modulates
depot-specific AT gene expression or, on the contrary,
changes in depot-specific AT gene expressions lead to a
dysmetabolic state cannot be easily answered and requires
further investigation. This is not surprising when compar-
ing subcutaneous to visceral depots, as their different
patterns of gene expression have been related to their
embryological origin, the lateral plate mesoderm serving
as a major source of visceral AT [7]. However, the het-
erogeneity of visceral fat progenitors remains one of the
main unanswered questions in this field. In one study
performed on human depots, pre-adipocytes of MES AT
were shown to display an expression profile closer to that
of SCABD rather than OME fat [38]. Our data would
appear to offer support for differences in the origin of
MES and OME depots, given their different responses
according to the dysmetabolic status of the patient. As
severely obese individuals accumulate large amounts of
fat at both visceral and subcutaneous sites, it is of interest
to question whether the balance between potential protec-
tive (favorable) and deleterious (adverse) effects of sub-
cutaneous and visceral ATs might influence metabolic
disorders [21, 42]. In this regard, whether OME fat rep-
resents a major Bculprit,^ in contrast to SCABDAT that is
often considered as an innocent Bbystander,^ requires
further investigation. Our data are also interesting in the
context of the AT expandability hypothesis [41] which
states that a failure in the capacity for fat mass expansion,
rather than obesity per se, is the key factor linking positive
energy balance and metabolic dysfunction. The observa-
tion that the gene expression profile of the SCABD fat
depot studied here presents a potentially decreased re-
sponse to antilipolytic (PDE-3B, α2-AR) and increased
response to lipolytic (β2-AR) signals in the dysmetabolic
state is concordant with this hypothesis. The SCABD fat
depot would thus be less able of answering the need to
store fatty acids, leading to eventual ectopic fat deposition
in visceral AT and peripheral tissues such as liver and
muscle and its resulting metabolic effects [9, 31, 35]. That
MES andOME adipose depots are more closely related to
each other, in that they do not display the coordinated
increased lipolytic and decreased antilipolytic gene ex-
pression seen in the SCABD AT, could support that they
are indeed acting as sites for ectopic spillover lipid accu-
mulation in DYS women.

Previous experiments conducted on SCABD and
OME fat have demonstrated that IR could affect both
the gene expression and protein levels of metabolic and
secretory factors [8, 25–27, 39, 40]. In our study, the
observation that OME fat in DYS patients showed an
increased expression of IL-6 and PAI-1 and a decreased
one of adiponectin, compared to SC ABD AT, fits well
with the higher inflammatory profile of the visceral
depot reported in IR morbidly women by Liu et al.
[25]. Still, SCABD ATwas recently suggested to poten-
tially have a greater contribution than OME fat to the
pro-inflammatory milieu associated with severe obesity,
as expression of 12 on 19 critical pro-inflammatory
genes (such as IL-6, IL-8, and IL-18 for example) as
well of anti-inflammatory genes such as adiponectin
was substantially higher in subcutaneous than in visceral
AT of morbidly obese patients [36]. Although our data
are not in full accordance with these observations, a few
patients in the study of Spoto et al. [36] had T2D and
thus did not show a wide range of HOMA-IR values,
possibly explaining differences in our results.

The absence of between-group differences and re-
gional variation in gene expression of the main lipases
regulating FAmetabolism is concordant with the similar
HSL and LPL mRNA levels found in morbidly obese
subjects with low or high IR [8, 39]. Although adipose
triglyceride lipase (ATGL) expression could have been
measured, it is not regulated by obesity in contrast to
HSL [28, 34] and does not show differences between
subcutaneous and omental fat in obese individuals [3].
Another reason why we decided to measure HSL ex-
pression was that it accounts for most of the stimulated
lipolysis in contrast to ATGLwhich rather refers to basal
lipolysis [23, 28]. Also, the reduced expression we
observe for PDE-3B in SCABD AT of DYS women
agrees with its lower mRNA levels observed in morbid-
ly obese patients with high IR [39], thus emphasizing an
impaired antilipolytic effect of insulin observed not only
in vitro [46] but also in vivo [16]. The higher β2-AR
(lipolytic) and lower α2-AR (antilipolytic) mRNA
levels, combined with reduced PDE-3B expression
(reflecting an altered insulin pathway) in the SCABD
AT of DYS women, could reflect a hyperlipolytic state
which could lead to an increased release of FAs into the
systemic venous circulation, and eventually to their
transport to the arterial circulation. Although neither
the protein or activity level of these two ARs nor the
physiological response of adipose cells to catechol-
amines was investigated in this study, one could
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hypothesize that the SCABD AT was as or even more
important than OME fat in supplying FAs to the liver
and thus in participating in the development of obesity-
related metabolic complications. Indeed, it has been
estimated that approximately 20 % of portal vein FAs
originates from visceral AT, the remaining 80% arriving
from upper- and lower-body subcutaneous fat in obese
individuals [19].

The absence of between-group differences in
PPAR-γ1/γ2 mRNA levels we found irrespective of
the fat depot is concordant with total PPARγ expression
reported by Tinahones et al. [39] but discordant with the
reduced levels in both visceral and subcutaneous fat of
IR vs. IS morbidly obese and normal-weight subjects
observed by McLaren et al. [26]. Similarly, our results
do not agree with previous data showing decreased
PPAR-γ2 expression in OME (but not in SCABD) fat
of high vs. low IR morbidly obese subjects [27, 40].
Such discrepancies could be attributed to differences in
patients’ physical and metabolic characteristics, the low
number of subjects examined, the fact that both genders
were pooled in some of the protocols, and the different
cut-off values of HOMA index chosen to determine IR
vs. IS.

Our study has some limitations that deserve fur-
ther mention. First, we were not able to measure
body composition or directly assess subcutaneous
and visceral (omental, mesenteric, or both) adipose
depots sizes as obese patients weighing more than
130 kg cannot be subjected to dual energy X-ray
absorptiometry and computed tomography at our
research center due to equipment limitations.
Second, as this study was limited to severely obese
women, results cannot be extrapolated to moderately
obese or overweight subjects or to men. Third, as we
measured mRNA expression only, we cannot with
certainty claim equivalent changes to protein levels.
Fourth, as AT contains adipocytes and stromal cells
including pre-adipocytes, monocytes, and lympho-
cytes (i.e., the stromal vascular fraction), heteroge-
neity in the proportion of each cell type [13] might
explain the varying gene expression pattern we ob-
served between sites, without actual differences oc-
curring within a given cell type between depots.
Lastly, the weak relationships between metabolic
status and AT gene expression should be interpreted
with caution, as there were few subjects per group
and associations reported were between tissue
mRNA and circulating protein levels.

Conclusion

Taken together, our data suggest that, in DYS severely
obese women, (1) MES AT does not seem to play a
further deleterious role in the development of a
dysmetabolic profile, when compared to OME fat, and
(2) that SCABD AT does not appear to be a protective
depot. In addition, metabolic and secretory characteris-
tics of the three depots studied are variably modulated
by IR.
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