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OBJECTIVEdCell death determines the onset of obesity and associated insulin resistance.
Here, we analyze the relationship among obesity, adipose tissue apoptosis, and insulin signaling.

RESEARCH DESIGN AND METHODSdThe expression levels of initiator (CASP8/9)
and effector (CASP3/7) caspases as well as antiapoptotic B-cell lymphoma (BCL)2 and inflam-
matory markers were assessed in visceral (VAT) and subcutaneous (SAT) adipose tissue from
patients with different degrees of obesity and without insulin resistance or diabetes. Adipose
tissue explants from lean subjects were cultured with TNF-a or IL-6, and the expression of
apoptotic and insulin signaling components was analyzed and compared with basal expression
levels in morbidly obese subjects.

RESULTSdSAT and VAT exhibited increased CASP3/7 and CASP8/9 expression levels and
decreased BCL2 expression with BMI increase. These changes were accompanied by increased
inflammatory cytokine mRNA levels and macrophage infiltration markers. In obese subjects,
CASP3/7 activation and BCL2 downregulation correlated with the IRS-1/2–expression levels.
Expression levels of caspases, BCL2, p21, p53, IRS-1/2, GLUT4, protein tyrosine phosphatase
1B, and leukocyte antigen-related phosphatase in TNF-a– or IL-6–treated explants from lean
subjects were comparable with those found in adipose tissue samples from morbidly obese
subjects. These insulin component expression levels were reverted with CASP3/7 inhibition in
these TNF-a– or IL-6–treated explants.

CONCLUSIONSdBody fat mass increase is associated with CASP3/7 and BCL2 expression in
adipose tissue. Moreover, this proapoptotic state correlated with insulin signaling, suggesting its
potential contribution to the development of insulin resistance.
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The prevalence of obesity has in-
creased dramatically in the last
decadesdso much so that it is now

considered a major health problem. Obe-
sity is very often accompanied by other
diseases, with the most common being

type 2 diabetes and cardiovascular com-
plications (1–3).

Both type 2 diabetes and obesity in-
clude genetic, environmental, and life-
style factors. However, progression to
overt diabetes in obese subjects is not

always predictable. Thus, while some
obese individuals progress to type 2 dia-
betes, others may only have mild meta-
bolic abnormalities, suggesting that the
absolute amount of fat stored may not
be the most important factor determining
the relationship between obesity and type
2 diabetes (4–7). Indeed, other factors
such as adipose tissue inflammation are
viewed as key promoters of progression
to type 2 diabetes (7–9).

Adipose tissue expandability in re-
sponse to a positive energy balance has
been considered classically as an adaptive
passive process. However, recent evi-
dence suggests that the expandability of
adipose tissue is not an unlimited process.
Furthermore, it may be an important
factor determining the appearance of
obesity-associated comorbidities.

Apoptosis is a fundamental mecha-
nism for the homeostasis of mammalian
tissues and has been linked to a variety
of disorders. Apoptosis is a form of pro-
grammed cell death that occurs under
certain physiological and pathological
conditions as a common mechanism of
cell replacement, tissue remodeling, and
elimination of damaged cells. The caspase
family is the largest enzyme involved in
this process, synthesized as proenzymes,
and appears distributed in multiple loca-
tions, including the cytoplasm, mitochon-
drial intermembrane space, or nuclear
matrix (10). Another large protein family
involved in this process is B-cell lymphoma
2 (BCL2) proteins, which regulate mito-
chondrial permeability processes and
therefore constitute a key point for the mi-
tochondrial pathway of apoptosis. BCL2 is
well-known to be a potent prosurvival ad-
vocate with antiapoptotic effects (11).

The extrinsic apoptotic pathway in-
volves “death receptors” (i.e., Fas, tumor
necrosis factor [TNF]-aR, death receptor
[DR]3, DR4, and DR5) and is exclusively
controlled by caspases (12). This process
is initiated by extracellular ligands that,
upon binding to their corresponding
DRs, cause the recruitment of initiator
caspase (CASP)8. CASP8 activates via
autocatalysis and then cleaves and acti-
vates its effector CASP3, which leads to
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cleavage of certain cellular substrates
(13,14), allowing apoptosis. CASP9 is
known to be the effector of CASP3/7
(10). The intrinsic apoptotic pathway
leads to cell death without the involve-
ment of membrane receptors, and after
exposure to certain stimuli the balance
between pro- and antiapoptotic BCL2
family proteins determines the choice be-
tween survival and cell death by release of
cytochrome c from the mitochondria to
the cytosol (15). The activation of some
caspases is not always only conducive to
an apoptotic mechanism but also to other
forms of cell death, such as one morpho-
logically and mechanistically distinct
from apoptosis called pyroptosis or
CASP1-dependent programmed cell
death, in which CASP1 activation can re-
sult not only in the production of acti-
vated inflammatory cytokines but also in
rapid cell death characterized by plasma-
membrane rupture and release of proin-
flammatory intracellular contents (16).

Recently, a relationship between adi-
pose tissue inflammation and apoptosis
was proposed (17,18). A better under-
standing of the mechanisms that affect ad-
ipose tissue mass increase, including
apoptotic cell death, is crucial for dealing
with obesity and related diseases. The goal
of this study was to analyze the potential
changes in the gene expression profile of
proteins that mediate apoptosis, including
caspase and BCL2 family members in ad-
ipose tissue from lean and obese subjects
with different degrees of obesity and dis-
playing comparable insulin resistance. In
addition, we aimed to decipher whether
inflammatory cytokines known to be pro-
duced by adipose tissue (i.e., TNF-a and
interleukin [IL]-6) could be associated
with caspase and BCL2 activation and to
determine whether these cellular effectors
interfere with insulin signaling.

RESEARCH DESIGN AND
METHODSdPatients and adipose tis-
sue collection are described in detail in
Supplementary Data. Real-time PCR and
Western blot are also described in detail
in Supplementary Data.

Adipose tissue culture
Visceral (VAT) and subcutaneous (SAT)
adipose tissue explants were prepared by
cutting samples into 5-mg portions, which
were subsequently incubated for 30 min in
PBS supplemented with 5% BSA (3 mL/g).
After 30 s of centrifugation (400g; sam-
ples incubated in M199 medium [Gibco,
Invitrogen] supplemented with 10% FBS,

100 unit/mL penicillin, and 100 mg/mL
streptomycin, with Ac-DEVD-CHO pre-
viously added or not to adipose tissue
explants at the concentration of 10
mmol/L/mL), a preincubation with this
CASP3/7-specific inhibitor of 1 h was
done, and then TNF-a or IL-6 were added
to milieu at a concentration of 50 ng/mL
for 24 h at 378C. After these treatments,
tissue explants were collected and ho-
mogenized in PBS containing TritonX-100
(0.5%) and protease inhibitors. Protein
concentrations were determined by
spectrophotometry using Bradford re-
agent.

Separation of stromal vascular
fraction from adipocytes
Adipose tissue samples were washed twice
with PBS and minced removing the blood
vessels. Samples were then digested in a
water bath with collagenase I (1 mg/mL) at
378C for 30min followed by several washes
in PBS, filtrations, and centrifugations (800
rpm)with 250- and 100-mmnylonmashes.
Erythrocytes were removed with erythro-
cyte lysis buffer (155 mmol/L NH4Cl, 10
mmol/L KHCO3, and 2 mmol/L NaEDTA),
and cells were centrifuged for 5 min at 800
rpm. Stromal vascular fraction (SVF) and
adipocyte fraction were used for gene ex-
pression analysis

CASP3/7 activity assay
Apoptosis was measured using the
Caspase-Glo3/7 assay (Promega). Proteins
were transferred to awhite opaque 96-well
plate, and 10 mg protein in 100 mL total
volume was mixed with 100 mL equili-
brated Caspase-Glo3/7 reagent. After
24 h at 378C, luminescence was measured
using the GloMax-Multi Detection system
(Promega). Each sample was measured in
triplicate.

Statistical analyses
The statistical analysis was done with SPSS
(version 15.0). Anthropometric, biochemi-
cal, and hormonal variables were compared
between the different groups using the
Kruskal-Wallis test. Statistical differences
in mRNA expression levels between obese
and lean subjects were determined using
the Mann-Whitney U test. In the explant
culture experiments, comparisons between
the groups of explants incubated with IL-6
and TNF-a with lean control explants
(from lean subjects without any addition)
and obese control explants (adipose tissue
from obese subjects) were assessed using
the Mann-Whitney U test. In experiments
treated with CASP3/7 inhibitor and

subsequently with TNF-a/IL-6, compari-
sons were done between lean control and
TNF-a/IL-6 treatment and between treat-
ments in the absence and presence of
CASP3/7 inhibition. The existence of corre-
lation between different measured variables
was determined through Spearman correla-
tion coefficient (rs).

RESULTSdThe subject clinical and
biochemical characteristics are shown in
Supplementary Table 1. Overweight and
obese subjects displayed higher waist cir-
cumference and glucose levels compared
with lean subjects. Morbidly obese pa-
tients presented low levels of HDL choles-
terol and high levels of leptin compared
with control subjects. Serum adiponectin
was lower in obese patients than in lean
subjects. All of the studied groups dis-
played the same degree of insulin resis-
tance (homeostasis model assessment of
insulin resistance ,4).

Caspase and BCL2 expression
profile in VAT and SAT from the
studied group
Gene expression and cleaved-forms pro-
tein expression of CASP3 and CASP7,
which are known to play a central role in
the execution phase of cell apoptosis and
to interact with CASP8 and -9 (10), were
significantly higher in both SAT and VAT
from obese and morbidly obese subjects
than in control subjects (Fig. 1A, B, and
F). CASP9 was significantly enhanced in
VAT of obese and morbidly obese sub-
jects (Fig. 1D and F). Gene expression
and phosphorylated form protein expres-
sion of BCL2 were significantly decreased
in obese and morbidly obese subjects
compared with lean subjects in both
VAT and SAT (Fig. 1E and F).

Correlative analysis of caspase and
BCL2 gene expression with BMI
Visceral CASP9 and subcutaneous CASP3
correlated positively with BMI (rs = 0.327,
P , 0.05, and rs = 0.696, P , 0.005, re-
spectively), while subcutaneous BCL2 cor-
related negatively (rs =20.524, P,0.005).

Differences in the gene expression
profiles of proinflammatory
cytokines (TNF-a and IL-6) and
macrophage markers (CD11b and
colony-stimulating factor-3) in
VAT and SAT between the studied
groups
TNF-a and IL-6 gene expression levels
were significantly increased in obese and
morbidly obese subjects compared with
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lean individuals in both adipose tissue de-
pots. Moreover, TNF-a gene expression
was significantly increased in overweight
subjects compared with lean subjects
in VAT. In both adipose tissue depots,
colony-stimulating factor (CSF)-3 was
higher in morbidly obese compared with
control subjects, while CD11b was in-
creased in overweight, obese, and mor-
bidly obese subjects (Table 1).

Correlations between gene
expression levels of caspases,
BCL2, and inflammatory markers
CASP8 correlated positively with TNF-a
in VAT (rs = 0.464, P , 0.05) and with
CSF-3 in SAT (rs = 0.621, P, 0.05). BCL2
negatively correlated with IL-6 and
CD11b (rs =20.331 and rs =20.480, re-
spectively; P , 0.05) in VAT and with
TNF-a and CD11b (rs = 20.385 and rs =
20.480, respectively; P , 0.05) in SAT.

Effects of TNF-a and IL-6 on
CASP3/7 activity in VAT and
SAT explants from healthy lean
subjects
VAT and SAT adipose tissue explants
from healthy lean subjects were incubated
with TNF-a (50 ng/mL) or IL-6 (50 ng/mL)
for 24 h, and then CASP3/7 activity was
measured. The resulting values were com-
pared with those observed in untreated
VAT and SAT samples from morbidly
obese subjects.

As shown in Fig. 2A, IL-6 and TNF-a
induced a significant increase in CASP3/7
activity in both VAT and SAT explants
compared with control subjects, ap-
proaching the levels observed in the mor-
bidly obese.

Effects of TNF-a and IL-6 on
expression levels of CASP3, CASP7,
CASP8, CASP9, and BCL2 in VAT and
SAT explants from healthy lean
subjects
IL-6 and TNF-a induced significant in-
creases in CASP3, CASP7, CASP8, and
CASP9 mRNA levels in VAT and SAT ex-
plants (similar to those observed in adi-
pose tissue from morbidly obese) (Fig.
2B–E). In contrast, BCL2 gene expression
was significantly decreased, approaching
basal BCL2mRNA values in adipose tissue
samples from morbidly obese subjects
(Fig. 2F). Protein analysis confirmed
mRNA expression data. In these explants,
BCL-2 phosphorylation in Ser70 de-
creased in comparison with control sub-
jects (Fig. 2O).

Figure 1dCaspase and BCL2 gene and protein expression profile in VAT and SAT from lean,
overweight, obese, and morbidly obese subjects (A–E). CASP3, CASP7, CASP8, CASP9, and
BCL2 mRNA expression analysis was performed on VAT and SAT adipose tissues from four
groups of subjects: lean, overweight (OW/L-IR), obese (OB/L-IR), and morbidly obese (MO/L-
IR)dall with low degrees of insulin resistance (L-IR). mRNAs were normalized to cyclophilin
levels. Western blotting analysis of human adipose tissue was carried out using antibodies against
cleaved/active caspase and phosphorylated (Ser70) BCL2. Cleaved caspase expression levels
were compared in relation to total caspase and phosphorylated BCL2 in reference to total BCL2
(F). The blots are representative of three independent experiments with different samples. Density
analysis was carried out by normalizing the samples to each corresponding caspase and BCL2
using NIH ImageJ software. Results were obtained in triplicate and are expressed as means 6
SEM (n = 13 for lean, n = 13 for OW/L-IR, n = 12 for OB/L-IR, and n = 12 for MO/L-IR subjects).
*P , 0.05 comparing OW, OB, and OM with lean.
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Effects of TNF-a and IL-6 on p21
and p53 gene expression in adipose
tissue explants from healthy lean
subjects
Proteins p21 and p53 are responsible for
causing apoptosis through the activation
and/or suppression of the transcription of
target genes that in turn are well-known to
be associated with the development of in-
sulin resistance. Figure 2G and H shows
that both inflammatory cytokines induced
significant increases in p21 and p53 gene
expression in VAT and SAT explants from
lean subjects to levels similar to those in
morbidly obese subjects (Fig. 2G and H).
Protein expression analysis confirmed
mRNA expression data (Fig. 2O).

Effects of TNF-a and IL-6 on gene
expression of markers of insulin
signaling cascade in VAT and SAT
explants from healthy lean subjects
We assessed mRNA levels of GLUT4,
insulin receptor substrate (IRS)-1 and -2,
and the phosphatases protein tyrosine
(PTP)1B and leukocyte antigen related
(LAR) in VAT and SAT explants from
lean subjects exposed to TNF-a and IL-6
(Fig. 2I–M). GLUT4 and IRS-1/2 gene ex-
pression decreased, reaching the basal
levels observed in adipose tissue from
morbidly obese subjects. Moreover,
TNF-a and IL-6 significantly diminished
tyrosine phosphorylation of IRS-1/2 in
both SAT andVAT explants from lean sub-
jects (Fig. 2N), which were similar to those
observed in adipose tissue from morbidly
obese subjects.

Gene and protein expression levels of
phosphatases PTP1B and LAR were ele-
vated in both VAT and SAT explants
from lean subjects incubated in the

presence of TNF-a and IL-6, which, in
turn, were comparable with the basal lev-
els obtained in adipose tissue from mor-
bidly obese subjects (Fig. 2I, J, and O).

Effects of TNF-a and IL-6 on
apoptotic and insulin signaling
components in SVFs and adipocyte
fractions separately from healthy
lean VAT and SAT explants
After incubation of adipose tissue ex-
plants, SVF was separated from adipo-
cyte, and mRNA expression levels of
apoptotic and insulin signaling compo-
nents were evaluated in both fractions
separately (Fig. 1A and B and Supplemen-
tary Data). With the exception of CASP3,
no significant changes were observed in
SVF, however, while in adipocytes the ef-
fects of TNF-a and IL-6 were clearly com-
parable with those observed in whole
adipose tissues.

Alterations of insulin signaling
marker expression induced by
TNF-a and IL-6 in adipose tissue
explants were reverted by inhibiting
CASP3/7
To ascertain whether caspases are in-
volved in the alterations observed in pres-
ence of TNF-a and IL-6, specific inhibitor
of CASP3/7 was used. Figure 3A and B
clearly shows that in presence of Ac-
DEVD-CHO, downregulations of IRS-1/2
and GLUT4 observed in presence of in-
flammatory cytokines were markedly re-
verted. This effect was especially detected
in adipocyte fraction of both adipose tis-
sues, where caspase/BCL2 and insulin sig-
nalingmarkers were altered by TNF-a and
IL-6. However, it is not clear whether
CASP3/7 is partially or totally involved in

IRS-2 alteration by inflammation because
in the presence of Ac-DEVD-CHO, IRS-2
mRNA levels overcome those detected in
control subjects, which could be due to
other parallel effects that may have
CASP3/7 inhibition on IRS-2.

Correlation analysis of caspase
and BCL2 gene expression with
inflammatory and insulin signaling
marker (IRS-1/2) gene expression in
VAT and SAT from obese subjects
CASP3 negatively correlated with IRS-1
and IRS-2 in SAT (rs = 20.202 and rs =
20.425, respectively; P , 0.05). CASP7
negatively correlated with IRS-2 in VAT
(rs =20.595, P, 0.05) and with IRS-1 in
SAT (rs =20.699 P, 0.05). CASP8 pos-
itively correlated with TNF-a in VAT (rs =
0.464, P , 0.05) and with CSF-3 in SAT
(rs = 0.621, P , 0.05). BCL2 correlated
with IRS-1 in both fat depots (rs = 0.446, P
, 0.05, and rs = 0.480, respectively; P ,
0.005). Moreover, BCL2 negatively corre-
lated with IL-6 and CD11b in VAT (rs =
20.331 and rs = 20.480, respectively; P
, 0.05) and with TNF-a (rs = 20.385,
P , 0.05) and CD11b (rs = 20.480, P ,
0.01) in SAT.

CONCLUSIONSdApoptosis of adi-
pose tissue is a relatively poorly studied
phenomenon compared with other tis-
sues; yet, dysregulation of this process has
recently been proposed to contribute to
obesity, differences in regional fat distri-
bution, or lipodystrophy (19,20). The
main finding of this study is that adipocyte
fraction from both SAT and VAT displays
an increase in gene expression of proapop-
totic caspases including CASP3, CASP7,
CASP8, and CASP9 and decreased antia-
poptotic (BCL2) gene expression with
BMI increase. In addition, these changes
were paralleled by an increase in gene ex-
pression of inflammatory cytokines and
macrophage infiltration markers in both
fat depots. In TNF-a/IL-6–incubated lean
fat depots, the interference with apoptosis
initiation via CASP3/7 inhibition involved
insulin signaling pathway alteration.
These data point to the fact that in mor-
bidly obese subjects, altered expression of
mediators of the insulin signaling path-
ways is likely to be related to the activation
of CASP3/7 and the downregulation of
BCL2, given that these two processes can
be triggered by the inflammatory state
(i.e., increased TNF-a and IL-6). Together,
these data support a relationship between
the apoptotic pathway (proapoptotic
caspases and antiapoptotic BCL2) and

Table 1dmRNA expression (22DCt) of inflammatory cytokines and macrophage
markers in VAT and SAT

Lean/L-IR OW/L-IR OB/L-IR MO/L-IR

VAT
TNF-a 0.032 6 0.002 0.043 6 0.002* 0.049 6 0.002* 0.145 6 0.009*
CSF-3 0.004 6 0.000 0.001 6 0.000 0.003 6 0.000 0.053 6 0.002*
IL-6 0.013 6 0.002 0.011 6 0.002 0.016 6 0.001* 0.051 6 0.003*
CD11b 0.036 6 0.002 0.053 6 0.002* 0.049 6 0.002* 0.209 6 0.036*

SAT
TNF-a 0.021 6 0.001 0.022 6 0.002 0.029 6 0.001* 0.200 6 0.022*
CSF-3 0.017 6 0.002 0.013 6 0.000 0.020 6 0.002* 0.032 6 0.004*
IL-6 0.024 6 0.001 0.026 6 0.002 0.028 6 0.002* 0.102 6 0.030*
CD11b 0.075 6 0.002 0.136 6 0.020* 0.447 6 0.026* 0.906 6 0.031**

Data are means 6 SEM. Differences in mRNA expression levels between groups were analyzed using the
Mann-Whitney U test. L-IR, low insulin resistance; MO, morbidly obese; OB, obese; OW, overweight. *P,
0.05, **P , 0.01: significant differences between lean patients and the other groups of patients.
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Figure 2dEffects of TNF-a and IL-6 on CASP3/7 activity; caspase, BCL2, p53, p21, and insulin signaling markers; and GLUT4, IRS-1, IRS-2,
PTP1B, and LAR gene expression and protein activation in VAT and SAT explants from healthy lean subjects. Adipose tissue explants (VAT and SAT)
(5 mg) were incubated in the presence of TNF-a (50 ng/mL) or IL-6 (50 ng/mL) for 24 h at 378C. A: CASP3/7 activity was measured in homogenate
of incubated explants and of adipose tissue from morbidly obese (OB) subjects as indicated in each panel. B–H: CASP3, CASP7, CASP8, CASP9,
BCL2, p53, and p21mRNA expression analysis was analyzed in lysed explants and lysed adipose tissue frommorbidly obese subjects. mRNAs were
normalized to cyclophilin levels. I–M: GLUT4, IRS-1, IRS-2, PTP1B, and LARmRNA expression analysis was examined in lysed explants and lysed
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insulin signaling dysfunction associated
with the proinflammatory state of adipose
tissue, which may underlie the increased
susceptibility of morbidly obese subjects
to developing insulin resistance (21). In
line with our hypothesis, it has recently
been described that hyperglycemia in-
duced by a sustained proinflammatory
state activates CASP1, which may be con-
ducive to insulin resistance in human ad-
ipose tissue (22)

Our studies show that in healthy
subjects with different degrees of obesity,
there was a clear increase in apoptotic
markers associated with body fat mass
increase. These changes were paralleled
by a decrease in the expression of BCL2.
This antiapoptotic protein, localized to
mitochondria, endoplasmic reticulum,
and the nuclear envelope, interferes with
the activation of caspases by preventing
the release of cytochrome c (23). In accor-
dance with our data, it has recently been
reported that during the development of
obesity, the expansion of adipose tissue
results in the activation of apoptotic sig-
naling, including DR and mitochondrial
pathways. These cytotoxic signaling path-
ways lead to the activation of effector cas-
pases and adipocyte apoptosis (24). In
our study, executive components of apo-
ptosis, especially CASP3, highly corre-
lated with BMI, while BCL2 correlated
negatively. These data highlight the rela-
tionship of these caspases and BCL2 with
the functionality of adipose tissue. In line
with this notion, a recent report demon-
strated that CASP3 activation was signifi-
cantly enhanced in adipocytes from obese
mice on either high-fat or high-sucrose
diets compared with lean mice on a con-
trol diet (24). Moreover, other studies
showed that peroxisome proliferator–
activated receptor g, a key regulatory adi-
pogenesis factor that also plays a relevant
role in obesity (25), is a substrate of
CASP3 and CASP8 during TNF-a recep-
tor signaling in adipocytes, and the
consequent peroxisome proliferator–
activated receptor g cleavage disrupts its
nuclear localization (26). Other research
suggests that adiposity regulation by
guggulsterone, the active substance in

guggulipid, is done by reducing the num-
ber of mature adipocytes via the inhi-
bition of differentiation of 3T3-L1
preadipocytes and the induction of apo-
ptosis through the activation of CASP3
and CASP7 (27). In a recent study,
Spalding et al. (28) showed that neither
adipocyte death nor generation rate is al-
tered in early-onset obesity, but at the
same time they recognize that their study
did not rule out the fact that delayed obe-
sity in subjects may increase the rate of
recruitment of adipocytes and, conse-
quently, of cell death. Moreover, selected
subjects in their study did not clarify
whether this affirmation is also related
to morbidly obese subjects. In line with
our hypothesis, other studies are showing
that the frequency of adipocyte death
is increased 30-fold in a mouse (db/db)
model of obesity-associated white adi-
pose tissue inflammation as well as in
obese humans. These observations sug-
gest that adipocyte death promotes mac-
rophage recruitment, accumulation, and
persistence in white adipose tissue of
obese individuals (17). On the other
hand, the downregulation of BCL2 gene
expression with BMI increase supports
the notion of the occurrence of a shift in
the balance between pro- and antiapop-
totic proteins in response to increased fat
mass in morbidly obese subjects. No
studies on adipocyte or adipose tissue
have clearly stated the relation of BCL2
adipose tissue levels with obesity. With
regard to this issue, the only thing that
has been proven is that in obesity, free
fatty acids released from adipose tissue in-
duce the apoptosis of pancreatic b cells
via an endoplasmic stress response and
by inhibiting the expression of antiapop-
totic factor BCL2 (29). Here, we found a
significant negative association between
subcutaneous BCL2 mRNA levels and
BMI, which suggests a role for this antia-
poptotic protein in the regulation of adi-
pose tissue homeostasis.

As the abnormal function of adipocytes
may play an important role in the develop-
ment of the chronic low-grade proinflam-
matory state associated with obesity, we
wondered whether these inflammatory

mediators could also affect the expression
of caspases and BCL2 in VAT and SAT and
whether this could be related to impaired
insulin signaling in morbidly obese sub-
jects who are known to be susceptible to
developing insulin resistance.

It has become clear that a state of low-
grade chronic inflammation typically as-
sociated with obesity and characterized
by macrophage infiltration of adipose
tissue and increased production of proin-
flammatory cytokines plays a crucial role
in the development of insulin resistance
(30). In obesity, adipose tissue harbors
predominantly M1 macrophages, which
secrete TNF-a and IL-6, thereby increas-
ing inflammation (31). TNF-a is a major
proapoptotic stimulant in adipocytes
(32). Moreover, in obesity the expression
of TNF-a in adipocytes is increased, and
this is believed to represent a major factor
in the development of insulin resistance
and type 2 diabetes (33). TNF-a directly
interferes with the insulin signaling cas-
cade, impairs insulin-stimulated glucose
transport, and may act as an important
autocrine/paracrine regulator of fat cell
function to limit adipose tissue expan-
sion. This could be mediated, at least in
part, through triggering adipocyte apo-
ptosis (32,34). Elevated IL-6 expression
in adipose tissue is associated with obesity
and insulin resistance (35,36). Moreover,
there is a hierarchy of these two cytokines
within adipose tissue, and in fact, TNF-a
is a key regulator of the synthesis of IL-6
in adipose tissue (37). In agreement with
these data, here we observed that both
TNF-a and IL-6 gene expression levels
were significantly enhanced with the in-
crease in the obesity grade. Furthermore,
incubation of adipose tissue explant from
lean and healthy subjects with TNF-a or
IL-6 significantly diminished GLUT4,
IRS-1, and IRS-2 gene expression to levels
comparable with those observed in adi-
pose tissue from morbidly obese subjects.
Moreover, expression of phosphatases
PTP1B and LAR, which are known to
have negative regulation of the insulin re-
ceptor and are implicated in negatively
regulating insulin signal transduction, in-
creased upon treatment of adipose tissue

VAT and SAT from morbidly obese subjects. mRNAs were normalized to cyclophilin levels. Results were obtained in triplicate for each patient and
are expressed as means6 SEM (n = 13 lean and n = 12 obese patients). *P, 0.05. Immunoblotting analysis of tyrosine phosphorylation (p) of IRS-1
and IRS-2 (M) and of cleaved/activated caspase and phosphorylated (Ser70) BCL-2 in explants from lean subjects incubated in the presence of TNF-
a (50 ng/mL) or IL-6 (50 ng/mL) for 24 h at 378C and in adipose tissue from morbidly obese subjects (O). The resulting blot of each isoform was
compared and normalized to b-actin constitutive protein for IRS-1/2, total caspase for cleaved (CL) caspase, and total BCL-2 for phosphorylated
BCL-2. Density analysis was performed using NIH Image J software. The blot is representative of three independent experiments with different
samples (n = 13 lean and n = 12 obese subjects). *P, 0.05 comparing obese TNF-a/IL-6 treatment subjects with lean subjects without treatment.
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Figure 3dEffects of CASP3/7 inhibition (Inhib) on TNF-a– and IL-6–induced p21, p53, PTP1B, and LAR gene expression upregulation and IRS-1/2
and GLUT4 gene expression downregulation in human adipose tissue (VAT and SAT) explants from healthy lean subjects. Adipose tissue explants
(VAT and SAT) (5 mg) were previously incubated in the absence or presence of 10 mmol/L/mL Ac-DEVD-CHO for 1 h, and then TNF-a (50 ng/mL)
or IL-6 (50 ng/mL) was added and explant was incubated for 24 h at 378C. A: CASP3, CASP7, p53, p21, IRS-1/2, GLUT4, PTP1B, and LAR mRNA
expression analysis was carried out in SVF and adipocyte fraction separately from VAT (A) and SAT (B). mRNAs were normalized to cyclophilin
levels. Results were obtained in triplicate for each patient and are expressed as means6 SEM (n = 8). *P, 0.05 comparing CASP3/7 inhibition and
TNF-a/IL-6 treatment with untreated control subjects; P , 0.05 comparing TNF-a/IL-6 plus CASP3/7 inhibition with TNF-a/IL-6 treatment.
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explants from lean subjects with IL-6/
TNF-a, reaching levels similar to those
found in adipose tissue from morbidly
obese subjects. These findings suggest
that TNF-a/IL-6 could increase the sus-
ceptibility to develop insulin resistance by
altering the insulin signaling mechanism
in adipose tissue.

TNF-a or IL-6 increased the expres-
sion of proapoptotic caspase expression
levels, as well as CASP3/7 activity, while
decreasing the expression of BCL2. Inter-
estingly, we observed significant correla-
tions between these apoptotic genes and
insulin transduction mediators. In fact,
CASP3/7 showed a significant negative as-
sociation with IRS-1/2 in both SAT and
VAT. On the other hand, BCL2 correlated
positively with both IRS-1/2. These data
suggest a potential relationship between
the alteration in insulin signaling and ap-
optotic proteins in adipose tissue of mor-
bidly obese subjects. Tumor suppressor
genes p21 and p53 have been identified
as responsible for preventing division of
stressed cells and as causing apoptosis
through activation and/or suppression of
the transcription of target genes (38,39).
Specifically, p53 activates the transcrip-
tion of genes such as p21 through binding
to its response element at the p21 pro-
moter site (38–40). Both p21 and p53
have been shown to cause an inflamma-
tory response that leads to insulin resis-
tance in adipose tissue (41). Moreover, it
has been described that p53 expression in
adipose tissue is critical for insulin resis-
tance development (41). Also, p21 is in-
volved in both adipocyte differentiation
and protecting hypertrophied adipocytes
against apoptosis. Through these mecha-
nisms, p21 promotes adipose tissue ex-
pansion with high-fat diets, leading to
increased downstream pathophysiologi-
cal consequences such as insulin resis-
tance (42). In line with these data, VAT
and SAT explants from healthy lean sub-
jects exposed to TNF-a or IL-6 showed an
increase in both p21 and p53 gene expres-
sion levels in a manner similar to that
found in adipose tissue from morbidly
obese subjects.

In summary, current studies un-
cover a key pathogenic role for adipose
tissue CASP3/7 activation and BCL2 in-
hibition in the impairment of insulin
signaling and subsequent development
of insulin resistance. Moreover, a high in-
flammatory status seems to be involved in
insulin signaling alteration in adipose tis-
sue. Although further research is re-
quired, the results of this study suggest

that a therapy controlling these apoptotic
proteins may represent a useful strategy
for the treatment or prevention of morbid
obesity and associated insulin resistance.
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