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To better define the mechanism of action of the thia-
olidinediones, we incubated freshly isolated human
dipocytes with rosiglitazone and investigated the
hanges in mRNA expression of genes encoding key
roteins of adipose tissue functions. Rosiglitazone
1026 M, 4 h) increased p85aphosphatidylinositol 3-ki-
ase (p85aPI-3K) and uncoupling protein-2 mRNA lev-
ls and decreased leptin expression. The mRNA levels
f insulin receptor, IRS-1, Glut 4, lipoprotein lipase,
ormone-sensitive lipase, acylation-stimulating pro-
ein, fatty acid transport protein-1, angiotensinogen,
lasminogen activator inhibitor-1, and PPARg1 and g2
ere not modified by rosiglitazone treatment. Activa-

ion of RXR, the partner of PPARg, in the presence of
osiglitazone, increased further p85aPI-3K and UCP2
RNA levels and produced a significant augmentation

f Glut 4 expression. Because p85aPI-3K is a major
omponent of insulin action, the induction of its ex-
ression might explain, at least in part, the insulin-
ensitizing effect of the thiazolidinediones. © 1999

cademic Press

Thiazolidinediones are oral hypoglycemic agents
hat reduce blood glucose, insulin and triglyceride lev-
ls in insulin resistant animal models and in type-2
non-insulin-dependent) diabetic patients (1–3). They

Abbreviations used: PPAR, peroxisome proliferator-activated re-
eptor; PPRE, peroxisome proliferator responsive element; RT-cPCR,
everse-transcription competitive polymerase chain reaction, BMI,
ody mass index; IRS-1, insulin receptor substrate-1; p85aPI-3K,
85a regulatory subunit of phosphatidylinositol 3-kinase; UCP-2,
ncoupling protein-2; Glut 4, insulin-dependent glucose transporter;
PL, lipoprotein lipase; HSL, hormone-sensitive lipase; ASP, acyla-
ion stimulating protein; PAI-1, plasminogen activator inhibitor-1.
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yon Cedex 08, France. Fax: 33 478 77 87 62. E-mail: vidal@laennec.
niv-lyon1.fr.
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lso increase insulin sensitivity in peripheral tissues
s demonstrated in type-2 diabetic patients treated
ith troglitazone (1, 3). Although their mechanism of
ction is not entirely understood, it is well recognized
hat thiazolidinediones are high-affinity ligands of the
eroxysome proliferator-activated receptor g (PPARg),
member of the nuclear receptor family (4), also iden-

ified as NR1C3 in the new nuclear receptor nomencla-
ure (5). The relative potency of different thiazol-
dinediones to bind and to activate PPARg in vitro
orrelates with their antidiabetic action in vivo (6, 7),
ndicating thus that PPARg mediates the insulin sen-
itizing effect of these molecules. PPARg is predomi-
antly expressed in differentiated adipocytes (8–10)
uggesting that adipose tissue might be one of the
ain target tissues of the thiazolidinediones. There are

hree PPARg mRNAs (g1, g2 and g3) giving rise to two
roteins (g1, g2) (11) and that are generated from the
ame gene by alternative promoter usage and mRNA
plicing (12, 13). The two proteins differ in their 28
-terminus amino acids in humans (13). In subcutane-

us adipose tissue and isolated adipocytes, PPARg1
RNA represents more than 80% of the PPARg tran-

cripts (10).
PPARg plays a major role in adipocyte differentia-

ion (14, 15). Nevertheless, the high level of expression
n mature adipocytes (9, 10) indicates that PPARg is
lso involved in the control of the metabolic functions
f the fully differentiated adipocytes. Accordingly, most
f the known PPARg target genes encode adipose tis-
ue proteins involved in lipid storage and metabolism,
ike, for example, adipose fatty acid-binding protein
16), lipoprotein lipase (17) or fatty acid transport
rotein-1 (18, 19). PPARg is a nuclear receptor that
eterodimerizes with the 9-cis-retinoic acid receptor
RXR) (20) to control the transcription of target genes.
he Peroxisome Proliferator Responsive Elements

PPREs) generally consist of a hexameric nucleotide
0006-291X/99 $30.00
Copyright © 1999 by Academic Press
All rights of reproduction in any form reserved.
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irect repeat spaced by one nucleotide (DR-1) (21). The
emonstration that a gene is a target of the PPARs
equires thus the identification of a functional PPRE in
ts promoter sequence. To date, only a few number of
enes have been really identified as target genes of
PARg (16, 17, 19, 21, 22). Nevertheless, valuable in-
ications can be also obtained by studying the changes
n the expression level of specific genes upon activation
f PPARg by thiazolidinediones. Using such approach,
everal other putative target genes have been reported,
ainly on the basis of investigations in rodents or in

ell lines (17, 23–30). Moreover, because activation of
PARg promotes important modifications of the me-

abolism of the animals as well as of cell functions
nd differentiation, it might be difficult to ascertain
hether the observed changes in gene expression re-

ult from a direct transcriptional effect of PPARg or
epresent secondary events of thiazolidinedione treat-
ent (30). To overcome such problems, it may be pos-

ible to use fully differentiated cells. To date, only a
imited number of studies have been performed in hu-

an mature adipocytes (31–33).
In this work, we examined whether genes encoding

mportant proteins of adipose tissue functions and me-
abolism are possible targets of PPARg in human adi-
ocytes. Isolated mature adipocytes and short incuba-
ion periods were used to limit possible effects due to
PARg-induced cell differentiation. The cells were in-
ubated with rosiglitazone (BRL 49653), a potent
PARg-selective thiazolidinedione (4), and we mea-
ured the rapid changes in the expression levels of 13
andidate genes using specific reverse transcription-
ompetitive polymerase chain reaction (RT-cPCR)
RNA assays.

ETHODS

Products. Rosiglitazone and LG 1069, a selective RXR agonist
34), were kindly provided by Dr. Dr. Heyman and Dr. M. Leibowitz
Ligand Pharmaceuticals, San Diego, CA).

Preparation of human isolated adipocytes. Abdominal subcuta-
eous adipose tissue (8 6 2 g wet weight, n 5 24) was obtained
uring surgery with the informed consent of the patients, in agree-
ent with the Ethic Committee of the Hospices Civils of Lyon

France). None of the subjects suffered from severe systemic illness,
iabetes mellitus or dyslipidemia. Their age ranged from 33 to 77
ears (mean 6 SD 5 59 6 11 years) and their body mass indexes
BMI) from 21 to 61 (mean 6 SD 5 31 6 8 kg/m2). Eighteen subjects
11 women, 7 men) were obese (mean age: 57 6 9 years, mean BMI:
3 6 8 kg/m2. The six lean subjects (4 women, 2 men) were 71 6 6
ears old and had a BMI of 23 6 1.3 kg/m2. The adipose tissue sample
as immediately immersed in Hanks medium kept at 4°C and cell
reparation was started within 15 min after tissue sampling. Adipo-
ytes were isolated by collagenase digestion (0.5 mg/ml; type II,
igma, La Verpillère, France) according to the method of Rodbell (35)
ith the modifications previously described (36). Isolated adipocytes
ere incubated at 37°C in DMEM (Life Technologies, Cergy Pon-

oise, France) containing 4% fatty acid free bovine serum albumin in
final volume of 1 ml. The average cell number in the incubation
266
ncubated 30 min at 37°C prior to the addition of the different agents
r vehicle (0.1% dimethyl sulfoxide). The viability and the metabolic
ntegrity of the cells prepared and incubated under these conditions
ave been verified (36). After 4 h of incubation, infranatant was
emoved by aspiration and cells were immediately lysed in the de-
aturating buffer from the RNeasy kit (Qiagen, Courtaboeuf,
rance) and stored at 280°C.

Total RNA preparation and quantification of the target mRNAs.
otal RNA was prepared using the RNeasy total RNA kit from
iagen. Total RNA concentration was determined by absorbance
easurement at 260 nm. The 260/280 nm absorption ratio of all

reparation was between 1.8 and 2.0. The average yield of total RNA
as about 1 mg/100,000 cells.
The mRNA levels of 13 different candidate genes were determined

y RT-cPCR. The method consists, after specific reverse transcrip-
ion reactions, in the co-amplification of the target cDNAs with
nown amounts of a specific competitor DNA in the same tube (37).
he construction of the different competitor DNA, the sequences of
he primers and the validation of the different RT-cPCR assays have
een reported elsewhere (10, 37–39). The coefficient of variation of
he different assays was demonstrated to be between 5 and 15% (37).
he RT-cPCRs and the analysis of the PCR products were performed

n the conditions previously indicated (10, 37, 39).

Presentation of the results. The results were presented either as
bsolute mRNA levels, in amol/mg of total RNA, or as percentage of
ariation induced by drug treatments. The data are shown as
eans 6 SEM. The nonparametric Wilcoxon test for paired values
as used for statistical analysis. p , 0.05 was the threshold of

ignificance.

ESULTS

The mRNA levels of 13 different genes encoding pro-
eins involved in insulin signaling, lipid metabolism
nd adipocyte functions were quantified by RT-cPCR in
uman isolated adipose cells. Under the control condi-
ion, the expression levels of the target mRNAs dis-
layed large differences. Lipoprotein lipase (LPL,
371 6 308 amol/mg total RNA, n 5 5 obese subjects)
nd hormone sensitive lipase (HSL, 574 6 106, n 5 5
bese subjects) mRNAs were expressed at the higher
evels. Insulin receptor (60 6 14, n 5 4 lean subjects),
nsulin receptor substrate-1 (IRS-1, 18 6 6, n 5 4 lean
ubjects), acylation stimulating protein (ASP, 16 6 6,
5 3 obese subjects) and uncoupling protein-2 (UCP-2,
6 2, n 5 5 obese subjects) mRNA were expressed at

ntermediary levels. Plasminogen activator inhibitor-1
PAI-1, 3.9 6 0.8, n 5 3 obese subjects), fatty acid
ransport protein-1 (FATP-1, 1.5 6 0.4, n 5 5 obese
ubjects) and angiotensinogen (0.16 6 0.05, n 5 3 obese
ubjects) were expressed at very low levels. The mRNA
evels of p85a regulatory subunit of phosphatidylinosi-
ol 3-kinase (p85aPI-3K), leptin, the insulin-dependent
lucose transporter (Glut 4) and PPARg were mea-
ured in 10 preparations of adipocytes from lean and
bese subjects, and are presented in Table I. A signif-
cant higher expression of leptin mRNA was observed
n isolated adipocytes from obese subjects when com-
ared to cells from lean individuals. On the opposite,
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lut 4 mRNA levels were higher in adipocytes from
ean subjects. There was no differences in the basal

RNA levels of p85aPI-3K and PPARg between adi-
ocyte preparations from lean and obese subjects
Table I).

Figure 1 shows the percentages of change in the
RNA levels of the 13 target genes after 4 h of treat-
ent with 1026 M rosiglitazone. For the PPARg gene,

ffects on both total PPARg (g1 1 g2) and PPARg2
RNA levels are presented (Fig. 1). Regarding the
RNAs encoding proteins involved in the insulin sig-
aling pathway, rosiglitazone did not affect the expres-
ion levels of insulin receptor and IRS-1 while it pro-
oted a significant increase (p 5 0.03, n 5 10) in the
RNA levels of p85aPI-3K. This effect of rosiglitazone
as similarly found in adipocytes from lean and from
bese subjects (Table I).
After 4 h of incubation, rosiglitazone did not affect

he mRNA expression levels of the insulin-dependent
lucose transporter Glut 4 in human adipocytes (Fig. 1
nd Table I). Similarly, the mRNA levels of LPL, HSL,
SP, and FATP-1, were not modified during incubation
ith rosiglitazone in cells from obese subjects (Fig. 1).
The expression of PAI-1 and angiotensinogen has

een recently documented in human adipose tissue.
ur results indicate that the mRNA expression levels
f these two components of the regulation of blood flow
nd vascular functions were not acutely modified by
osiglitazone in adipocytes from obese subjects (Fig. 1).

Regulation of leptin and UCP-2 mRNA expression by
hiazolidinediones has been already reported in adi-
ose cells. The present study confirmed these results in
reshly isolated human adipocytes. Rosiglitazone pro-
oted a slight (45%) but significant (p 5 0.03, n 5 5)

ncrease in UCP-2 mRNA levels in cells isolated from
bese subjects (Fig. 1). On another hand, rosiglitazone
ecreased leptin mRNA abundance by more than 30%
p 5 0.03, n 5 10). Leptin mRNA levels measured in

Levels of p85aPI-3K, Leptin, Glut 4, and P

p85a PI3kinase Lean (n 5 4) 1
Obese (n 5 6) 1

Leptin Lean (n 5 5)
Obese (n 5 5)

Glut 4 Lean (n 5 5) 1
Obese (n 5 5)

PPARg (total) Lean (n 5 5)
Obese (n 5 5)

Note. Isolated cells were incubated for 4 h with rosiglitazone or w
T-cPCR. Total (g1 1 g2) mRNA levels were shown for PPARg.

a p , 0.05 for rosiglitazone vs control.
b p , 0.05 for obese vs lean subjects.
267
ells from obese subjects were twice the levels found in
dipocytes from lean subjects, but rosiglitazone re-
uced leptin mRNA expression to a similar extent in
oth groups (Table I).
Thiazolidinediones and rosiglitazone are high affin-

ty ligands for the nuclear receptor PPARg. It was
herefore of interest to determine whether PPARg can
uto-regulates its expression. Figure 1 and Table I
learly show that rosiglitazone did not modify the
RNA levels of PPARg (g1 1 g2) after 4 h of incuba-

ion in human adipocytes from both lean and obese
ubjects. Incubation with troglitazone (1026 M, 6 h),
nother thiazolidinedione, also did not affect PPARg
RNA levels (data not shown). In human adipocytes,
PARg2 represented about 15% of the total PPARg
ranscripts (3.5 6 1.1 amol/mg total RNA, n 5 3). The
RNA levels of PPARg2 were also not modified by

osiglitazone in 3 preparations from obese subjects
Fig. 1).

To verify whether the observed effects of rosiglita-
one were mediated by the heterodimer PPARg/RXR,
e investigated the effect of a combination of rosigli-

azone and LG 1069, a specific agonist of RXR, on the
RNA levels of p85aPI-3K, UCP-2 and leptin that
ere significantly changed by rosiglitazone alone, and
f Glut 4, FATP-1 and PPARg because these 3 genes
ave been previously suspected to be targets of the
hiazolidinediones. Figure 2 shows the percentages of
hange in the mRNA levels of these 6 genes after 4 h of
ncubation with 1026 M rosiglitazone and 1026 M LG
069. The treatment with the two molecules increased
85aPI-3K mRNA levels (116 6 24%, n 5 5) to an
xtent that seemed more important than with rosigli-
azone alone (82 6 18%, n 5 5), but the difference did
ot reach significance (p 5 0.225). On another hand,
he combination of rosiglitazone and LG 1069 clearly
mproved the increase in UCP-2 mRNA levels induced
y rosiglitazone alone (85 6 25% vs 44 6 12%, p 5 0.04,

Rg mRNAs in Isolated Human Adipocytes

ntrol
Rosiglitazone

(1026 M) % change

6 19 162 6 11a 68 6 21
6 18 242 6 41a 79 6 21
6 5 24 6 2a 229 6 5
6 14b 53 6 7a 235 6 5
6 37 167 6 43 29 6 21
6 14b 66 6 15 28 6 24
6 9 34 6 5 25 6 9
6 5 30 6 3 12 6 9

vehicle alone (control). Levels of the mRNAs were determined by
PA

Co

05
34
35
74
42
62
38
25

ith
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5 5). Moreover, Glut 4 mRNA levels were signifi-
antly increased in the presence of the two agents
54 6 14%, p 5 0.03, n 5 6) whereas rosiglitazone alone
id not modified Glut 4 expression in human adipo-
ytes (Fig. 1 and Table I). The effect of rosiglitazone
nd LG 1069 on leptin mRNA levels was similar to
hat was observed with rosiglitazone alone. Finally,

he combination of the two agents did not modify the
RNA levels of PPARg and FATP-1 (Fig. 2).

ISCUSSION

Thiazolidinediones are potential new pharmacologi-
al agents for the treatment of insulin resistance in
ype-2 diabetes mellitus (1, 3). Although they can bind
nd activate the nuclear receptor PPARg (4, 6, 7), the
recise mechanism of action of these drugs is still
argely debated. Several possibilities have been pro-

FIG. 1. Effects of rosiglitazone on the mRNA levels of selected
enes in human isolated adipocytes. The levels of the 14 target
RNAs were determined by RT-cPCR in human adipocytes after 4 h

f incubation with 1026 M rosiglitazone. The results are presented as
ercentage change in mRNA levels. Values measured in cells incu-
ated 4 h with 0.1% dimethyl sulfoxide (vehicle) were the references.
he figure shows the mean 6 SE for the number of independent
reparations of adipocytes indicated in parentheses. *p , 0.05.
268
osed to explain their in vivo insulin sensitizing effect
see 40 for review). Activation of PPARg by thiazol-
dinediones in adipose tissue may increase the produc-
ion of small adipocytes that are more sensitive to
nsulin. Thiazolidinedione can also decrease the pro-
uction and/or the biological activity of “adipocyto-
ines” (i.e., tumor necrosis factor-a, leptin) that are
uspected to induce insulin resistance, and finally, they
an reduce circulating lipid and fatty acid concentra-
ions by increasing their clearance by adipocytes.
hese hypotheses are mainly based on data obtained
sing animal models. Moreover, most of the human
arget genes of PPARg are not yet known, limiting thus
he understanding of the exact mechanism of action of
hese drugs.

The aim of this work was to verify whether some
mportant genes involved in insulin action, lipid me-
abolism and adipocyte functions are target genes of
PARg and rosiglitazone, a potent thiazolidinedione,

n human adipocytes. Because PPARg is highly ex-
ressed in adipose cells, we made the assumption that
hanges in the expression levels of putative target
enes should be seen after only few hours of incuba-
ion. In addition, short incubation periods and the use
f freshly isolated mature adipocytes should limit pos-
ible changes in gene expression that were secondary
o PPARg (or rosiglitazone)-induced modifications of

FIG. 2. Effect of rosiglitazone and LG 1069 on the mRNA levels
f selected genes in human isolated adipocytes. The levels of the 6
arget mRNAs were determined after 4 h of incubation with 1026 M
osiglitazone and 1026 M LG 1069. The results are presented as
ercentage change in mRNA levels. Values measured in cells incu-
ated 4 h with 0.1% dimethyl sulfoxide (vehicle) were the references.
he figure shows the mean 6 SE for the number of independent
reparations of adipocytes indicated in parentheses. *p , 0.05.
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ell functions and differentiation. We found that acti-
ation of PPARg by rosiglitazone increased the mRNA
evels of the p85a subunit of phosphatidylinositol
-kinase (p85aPI-3K) and of the uncoupling protein-2
UCP2) genes. In addition, rosiglitazone decreased lep-
in mRNA levels in human adipocytes. The mRNA
evels of insulin receptor, IRS-1, Glut 4, LPL, HSL,
SP, FATP-1, angiotensinogen, PAI-1, and PPARg1
nd g2 were not modified after 4 h of incubation with
osiglitazone. The concomitant activation of RXR, the
artner of PPARg to form a transcriptionally active
eterodimer, further increased the mRNA levels of
85aPI-3K and UCP2 and produced a significant aug-
entation in Glut 4 mRNA abundance.
UCP2 has been already reported to be target genes of

PARg and the thiazolidinediones in different adipose
ell models (29), including human adipocytes (33). As
n the present work, a moderate, but significant, in-
rease in UCP2 mRNA levels has been observed after
4 h of incubation of human adipose tissue with ros-
glitazone (33). The amplified effect of rosiglitazone in
he presence of LG 1069 strongly suggest that UCP2 is
target gene of the heterodimer PPARg/RXR. Identi-

cation of an efficient PPRE in the promoter region of
he human gene will be the next step to confirm this
ssumption.
Reduction in leptin gene expression by thiazol-

dinediones has been largely documented both in vivo
nd in vitro (23, 24, 32). Our results are in accordance
ith these data and extend them to freshly isolated
uman adipocytes. On another hand, LPL and FATP-1
ave been demonstrated to be target genes of PPARg in
odent adipocytes and PPREs have been identified in
heir promoter regions (17, 19). Surprisingly, we found
hat the mRNA levels of these two genes were not
ffected by rosiglitazone after 4 h of treatment in hu-
an mature adipocytes. A lack of modification of LPL
RNA levels during rosiglitazone treatment has been

lready observed in differentiated adipose cell lines
41). In addition, we found that activation of RXR did
ot improve the effect of rosiglitazone on FATP-1
RNA levels. These results may suggest that species-

elated differences can exist in the regulation of these
enes by PPARg. Alternatively, longer incubations
ight be required to obtain an effect, suggesting that

he mechanism of action of rosiglitazone on FATP-1
nd LPL gene can be different from the mechanism
nvolved in the rapid responses of p85aPI-3K and
CP2 mRNAs. For example, recruitment of additional
artners or cofactors might be needed.
In human adipocytes, rosiglitazone did not modify

he mRNA levels of ASP, HSL, angiotensinogen and
AI-1, suggesting that they are not targets of PPARg.
egarding the regulation of PAI-1 expression by thia-
olidinediones and PPARg in endothelial cells, contra-
ictory data have been recently reported (42, 43). Ad-
269
pose tissue is also a possible source of PAI-1 in vivo
nd its expression is increased in obesity (44). How-
ver, it seems from our work that PAI-1 gene is not
cutely regulated by PPARg in human adipocytes.
Conflicting data have been reported regarding the

ffect of PPARg activation on the expression of its own
ene. Some authors have observed a decreased expres-
ion of PPARg in cultured adipose cells treated with
osiglitazone (26, 27) whereas others have found an
ncreased expression in rat adipose tissue in vivo (28)
nd in human muscle cells in culture (45). In human
ature isolated adipocytes, we did not observed any

ffect of rosiglitazone without or with activator of RXR
n the mRNA levels of PPARg. The incubation of the
ells for 6 h with different concentrations (10210 to 1026

) (data not shown) or the use of troglitazone, another
hiazolidinedione, did not change the result. It seemed
herefore that thiazolidinediones do not rapidly affect
PARg gene expression in human mature adipocytes.
In adipose cell lines, thiazolidinediones increased

he expression of the glucose transporter Glut 4 and
nhanced insulin stimulated glucose uptake (46). In
ivo also, treatment of insulin resistant Zucker fa/fa
ats with pioglitazone (30) or ob/ob mice with rosigli-
azone (47) increase adipose tissue expression of Glut
, suggesting that Glut 4 may be a target gene of
PARg. Our data showed that Glut 4 expression is not
odified by treatment of human adipocytes by rosigli-

azone alone. However, the combination of rosiglita-
one and LG 1069 significantly increased Glut 4 mRNA
evels. These results suggested that Glut 4 may be a
arget gene of the heterodimer PPARg/RXR in human
dipocytes. Reduced expression of Glut 4 has been
emonstrated in adipose tissue from insulin resistant
bese and type-2 diabetic patients (48). In accordance,
e found lower mRNA levels of Glut 4 in isolated cells

rom obese subjects. Thus, increased expression of Glut
and enhanced glucose transport rate in adipocytes
ay participate in the improvement of insulin sensi-

ivity during thiazolidinedione therapy.
We also investigated the regulation by rosiglitazone

f genes coding 3 major actors of the insulin signaling
ascade, namely insulin receptor, IRS-1 and p85aPI-
K. Insulin receptor and IRS-1 mRNA levels were not
ffected by the treatment of isolated adipocytes, sug-
esting that these genes are not acutely regulated by
PARg. On another hand, the mRNA levels of
85aPI-3K were significantly increased by rosiglita-
one. The p85aPI-3K is an adaptor protein that
inks the catalytic subunit of phosphatidylinositol
-kinase to upstream signaling molecules (such as IRS-
), playing thus a major role in the intracellular action
f insulin (49). Therefore, the rapid induction of
85aPI-3K expression in response to rosiglitazone may
ave important consequences in the insulin response of
he cells. We have now demonstrated that in addition
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o the mRNA, the protein level of p85aPI-3K is signif-
cantly increased by rosiglitazone and that the antili-
olytic response to insulin is markedly improved in
uman isolated adipocytes (Rieusset et al. manuscript

n preparation). Several studies in rodents had already
uggested that thiazolidinediones affect the phospha-
idylinositol 3-kinase pathway of insulin action (50–
2). Our data in human adipocytes indicate that among
he different components of this signaling cascade, the
ene encoding the p85aPI-3K may be the molecular
arget of the thiazolidinediones.

Activation of the phosphatidylinositol 3-kinase path-
ay is required for a variety of insulin effects, includ-

ng the regulation of glucose uptake, glycogen syn-
hesis and the antilipolytic action of insulin (49).
urthermore, altered expression and activation of
hosphatidylinositol 3-kinase have been reported in
ubjects with type-2 diabetes or obesity (51–53). There-
ore, the identification of p85aPI-3K as a possible tar-
et gene of the thiazolidinediones shed new light on the
nderstanding of the insulin sensitizing action of these
olecules and their beneficial effect in the treatment of

ype 2 diabetes mellitus.
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