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Abstract
To better define the molecular mechanisms underlying leptin release from adipocytes, we
developed a novel protocol that maximizes leptin production from 3T3-L1 adipocytes. The
addition of a PPARγ agonist to the Isobutylmethylxanthine/Dexamethasone/Insulin differentiation
cocktail increased leptin mRNA levels by 5-fold, maintained insulin sensitivity, and yielded
mature phenotype in cultured adipocytes. Under these conditions, acute insulin stimulation for 2 h
induced a two-fold increase in leptin secretion, which was independent of new protein synthesis,
and was not due to alterations in glucose metabolism. Stimulation with insulin for 15 min induced
the same level of leptin release and was blocked by Brefeldin A. Inhibiting PI 3-kinase with
wortmannin had no effect on insulin stimulation of leptin secretion. These studies show that
insulin can stimulate leptin release via a PI3K independent mechanism and provide a cellular
system for studying the effect of insulin and potentially other mediators on leptin secretion.
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Introduction
Leptin is a 16 kD hormone, secreted by adipocytes, that plays a key role in regulating food
intake, body weight, and energy homeostasis. Although the amount of body fat is the most
important determinant of circulating leptin levels, the acute production and secretion of
leptin is also modulated by numerous extrinsic factors. For example, fasting decreases and
feeding and/or insulin increases serum leptin acutely over intervals that have little impact on
adipose tissue mass [1–5]. Previous studies have suggested that fluctuations in leptin
production are regulated at a transcriptional level, as insulin increased the amount of leptin
mRNA in isolated adipocytes from rats as well as in different cultured adipocyte cell lines
[6–10]. However, those earlier reports focused on the long-term effects (24–48 h) of insulin
treatment on leptin secretion. While other studies, looking at short time periods of insulin
action, suggested that leptin production might also be regulated at a post-transcriptional
level [11–16], in these studies it has not been clear to what extent these effects are dependent
on protein synthesis. Indeed, while some studies reported that cyclohex-amide had no effect
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on insulin-induced leptin secretion [12,14,15,17] others showed that protein synthesis is
required for the induction of leptin release making it unclear whether insulin can stimulate
leptin secretion [18,19]. This issue is important not just for leptin release but also because
the role of regulated protein secretion in adipocytes is controversial [20,21]. In addition to
leptin, adipocytes secrete other circulating peptides (e.g. adiponectin), which are collectively
known as adipokines [22]. Thus studies of protein secretion in adipocytes are also likely to
be relevant for other adipokines including adiponectin, TNFα, resistin and others.

Leptin is released by adipocytes and is transported through the general secretory pathway.
Although leptin has been detected in the endoplasmic reticulum (ER) as well as the Golgi
complex and in small vesicles underneath the plasma membrane [13,19,23], studies of leptin
secretion have been hampered by a lack of well-characterized leptin antibodies that can be
used at an immunohistochemical level. In addition, technical challenges presented by
primary adipocytes have made it difficult to define the precise intracellular compartment
that contains leptin. Adiponectin has been shown to be partially localized to the ER; the
majority of the protein is distributed throughout the cytosol in peripheral storage vesicles
[20]. A more complete understanding of the molecular mechanisms that determine the
intracellular compartmentalization and trafficking of adipokines may shed light on their
different functions and responses among the growing list of factors secreted by adipocytes.

3T3-L1 adipocytes are a well-established cell culture system that can be used to study
adipogenesis, fatty acid metabolism, as well as insulin-regulated trafficking. 3T3-L1
fibroblasts differentiated with the standard Isobutylmethylxanthine/Dexamethasone/Insulin
(Ibmx/Dex/Ins) protocol differentiate into mature adipocytes but express only small amounts
of leptin, a fact that has limited their utility in studying leptin secretion [24]. Thus studies of
leptin secretion in 3T3-L1 adipocytes will require modifications to the protocols that have
been used previously. While the differentiation cocktail of Indomethacin/Insulin (Indo/Ins)
has been shown to markedly enhance leptin production [25], this system has not been
modified to render it suitable for studies of leptin secretion or other factors secreted by
adipocytes.

In this report we have developed a novel in vitro protocol suitable for studying leptin
secretion. 3T3-L1 adipocytes differentiated with Ibmx/Dex/Ins plus a PPARγ agonist
displayed not only an increased level of leptin gene expression but also a highly significant
2-fold induction of leptin secretion within 15 min of insulin stimulation. The effect of
insulin on leptin exocytosis was blocked by Brefeldin A but not by the PI 3-kinase inhibitor
wortmannin or the protein synthesis inhibitor cyclohexamide, suggesting that leptin is
targeted to a regulatory secretory compartment in 3T3-L1 adipocytes, where its release is
stimulated by insulin via a PI 3-kinase independent mechanism.

Materials and methods
Ligands and chemicals

Antibodies against phospho-Akt (Ser473), and Akt were from Cell Signaling Technology
(Beverly, MA). PI 3-kinase inhibitor wortmannin was purchased from Calbiochem (San
Diego, CA). All other chemicals were purchased from Sigma.

Cell culture
3T3-L1 fibroblast were obtained from the American Type Culture Collection (ATCC,
Bethesda, MD) and were cultured in Dulbecco's Eagle's medium (DMEM) with 10% fetal
bovine serum (Atlanta Biologicals, Inc.), and 1500 mg/l sodium bicarbonate at 37 °C in 5%
CO2/air. For differentiation cells were grown to confluence and carried for 2 to 4 days
without fresh medium. At this point, referred to as day 0, 3T3-L1 cells were differentiated
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by incubation in culture medium with 1 μg/ml insulin, 500 μM methyl-isobutyl-xanthine,
250 nM dexamethasone, with and without 1 μM of a PPARγ agonist, a synthetic
thiazolidinedione (Tzd), Troglitazone, a compound. Cells were fed 72 h later (day 3) with
culture medium plus 1 μg/ml insulin and then every 48 h with culture medium. For the
insulin/indomethacin method confluent and starved 3T3-L1 fibroblasts were differentiated
with 5 μg/ml insulin, and 125 μM indomethacin (day 0) and fed 72 h later with culture
medium plus 5 μg/ml insulin. 3T3-L1 adipocytes are kept in culture medium plus insulin
until day 7 and then fed every 48 h in regular medium without insulin. Experiments were
performed on day 14 and 15 of differentiation.

Cell lysates and immunoblots
For immunoblots, cells were washed with 150 mM NaCl, 20 mM HEPES, 1 mM CaCl2, 5
mM KCl, 1 mM MgCl2, pH 7.2 and lysed in Laemmli buffer. Cells were harvested by
scraping, and the lysates were sheared through a Q26G5/8 syringe. Proteins were resolved in
SDS-PAGE, transferred to nitrocellulose membranes, and probed with antibodies by using
protocols provided by the suppliers.

RT-PCR
Total RNA was isolated from 3T3-L1 adipocytes by TRIZOL reagent (Invitrogen).
Quantitative RT-PCR was performed by the Taqman system (Applied Biosystems)
according to the manufacturer's instructions. Oligos were designed by the PrimerExpress
software. Threshold cycles (Ct) for the internal control (cyclophilin) and target genes were
determined from raw fluorescence. The amount of each gene was derived from its Ct and
normalized with the amount of cyclophilin. Samples are in duplicate.

Sequences of the Taqman primers and probes are the following:

cyclophilin-F, 5′-TGTGCCAGGGTGGTGACTT; cyclophilin-R, 5′-
TCAAATTTCTCTCCGTAGATGGACTT; cyclophilin-probe, 5′-
ACACGCCATAATGGCACTGGTGG; leptin-F, 5′-TCCCTGCCTCAGACCAGTG; leptin-
R, 5′-TAGAGTGAGGCTTCCAGGACG; leptin-probe, 5′-
CATCCAGGCTCTCTGGCTTCTGCAG.

Leptin secretion assay
3T3-L1 adipocytes were cultured in 6-well plates until day 14 of differentiation at 37 °C in
5% CO2/air. Culture medium was changed to minimal amounts (0.5 ml) for 15 h (over
night) in order to allow leptin accumulation to occur. Leptin secretion was measured in basal
and insulin-stimulated states (170 nM) for various time points. Time points of 0 (over night),
15, and 120 min were chosen to focus on the earlier stages of leptin release. For studies
involving the characterization of the transcriptional and secretional regulatory mechanisms
mediating leptin synthesis and secretion, cells were additionally pre-incubated for 30 min
either with or without 5 μg/ml Brefeldin, 10 μg/ml Cyclohexamide, or 100 nM or 1 μM
wortmannin and then incubated for 15 min or 2 h with 170 nM insulin in the presence or
absence of the inhibitors. At the end of the incubation period, the medium was collected and
frozen at −80 °C for subsequent determination of leptin concentration. Three wells of a 6-
well plate were collected per time point or condition to account for inter-well variations.
Medium samples were concentrated using a Millipore YM-10 centrifugal filter and assayed
for leptin levels using a mouse leptin immunoassay kit (R&D Systems, Minneapolis, MN)
according to the manufacture's instructions. Cells were solubilized in PBS, pH 7.2
containing protease inhibitors (protease inhibitor cocktail complete, Roche Diagnostics,
Mannheim, Germany) with 1% Triton-X-100 in order to measure total protein content. The
amount of leptin released into the medium at each time point was normalized to total protein
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content using Biorad procedures [26]. Leptin values were expressed as pg/ml/mg protein
over stated time periods.

Hexose transport
Hexose transport activity in 3T3-L1 adipocytes was measured by the uptake of [3H]2-deoxy-
glucose as described previously [26].

Results
The effect of different differentiation methods on leptin production, secretion, and fat
accumulation

In order to study leptin secretion from 3T3-L1 adipocytes, it was necessary to develop
culture conditions in which leptin production was increased above the constitutively low
levels typically expressed by these cells. We thus evaluated the effect of three differentiation
methods on fat accumulation, leptin production, and secretion in 3T3-L1 adipocytes: 1)
standard cocktail (Ibmx/Dex/Ins), 2) standard cocktail (Ibmx/Dex/Ins) plus PPARγ agonists
(Tzds), and 3) Indomethacin and Insulin (Indo/Ins).

Production of lipid droplets is generally used as an indication of adipocyte differentiation.
Therefore we compared the amount of lipid accumulation in 3T3-L1 adipocytes using the
same three sets of conditions. The Ibmx/Dex/Ins plus Tzd method produced a near 100%
efficiency of lipid droplet production in day 14 adipocytes (Fig. 1A, middle panel). When
the PPARγ agonist was omitted, a less impressive lipid droplet production was evident (left
panel). In contrast, differentiation with the Indo/Ins cocktail yielded a less profound amount
of adipocyte differentiation with only partial formation of lipid droplets (Fig. 1A, right
panel).

Adipocytes differentiated with the standard cocktail produced low amounts of leptin mRNA
and failed to show detectable secretion of leptin, consistent with previous reports (Figs. 1B
and C) [24]. Interestingly, adipocytes differentiated with Ibmx/Dex/Ins plus Tzd or Indo/Ins
exhibited a 4 to 5 fold increase in leptin mRNA levels (Fig. 1B). While both methods
yielded similar amounts of leptin transcript, the Indo/Ins method also increased basal leptin
release in the medium over a 48-hour period in adipocytes 14 days post-differentiation (Fig.
1C). Although differentiation with Ibmx/Dex/Ins plus Tzd increased leptin mRNA
expression to the same level as the Indo/Ins method, it only induced one-third of the increase
in basal leptin release in the medium over the same 48-hour time window.

Thus while the Indo/Ins cocktail could induce an increase in leptin production and its
constitutive basal release into the medium, it only led to an incomplete differentiation of
3T3-L1 adipocytes. Based on this we decided to use the protocol with the standard Ibmx/
Dex/Ins plus Tzd method to investigate leptin secretion from adipocytes.

Insulin-stimulated leptin secretion in cells differentiated by Ibmx/Dex/Ins plus Tzd method
is independent of protein synthesis and involves a secretion based mechanism

We employed a short-term secretion assay to study the effects of acute insulin stimulation
on leptin secretion in cells differentiated with Ibmx/Dex/Ins and Tzd. To ensure that the
leptin measurements were within the detection limits of the ELISA assay, an experimental
design was used as described in Fig. 2A. Fully differentiated 3T3-L1 adipocytes (day14)
were incubated in 0.5 ml medium over night in order to allow leptin to accumulate. After a
15-hour incubation leptin concentration in the medium was measured to establish a baseline
for leptin release. The application of insulin (170 nM) to the medium induced a 2-fold
increase in leptin secretion over a 2-hour period relative to the accumulation for the
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preceding 15 h (Fig. 2B). There was no statistically significant change of leptin release over
these 2 h in the absence of insulin confirming the previous observation that basal secretion
of leptin under these conditions is low. Therefore, the observed 2-fold induction of leptin
secretion by insulin, is in reality much larger but impossible to measure directly. In these
cells, treatment with insulin for only 15 min induced the release of the same pool of
intracellular leptin as within 2 h, indicating a rapid mechanism of secretion (Fig. 2B).

To determine whether the insulin-stimulated leptin secretion in 3T3-L1 adipocytes is
independent of de novo protein synthesis, as would be expected if there was regulated
secretion of leptin, the protein synthesis inhibitor cyclohexamide was applied.
Cyclohexamide (CHX) (10 μg/ml) had no effect on basal or insulin-induced secretion of
leptin over 2 h, suggesting that insulin can recruit a pool of intracellular leptin independent
of de novo protein synthesis (Fig. 3A).

We next investigated whether trafficking through the Golgi complex was necessary for
insulin-induced leptin secretion. Brefeldin A blocks transport through the Golgi by
inhibiting the nucleotide exchange factor for the small GTPase ADP-ribosylation factor 1
(ARF1), which acts to recruit coat proteins (COPI) involved in intra-Golgi transport as well
as trafficking between Golgi and the endoplasmic reticulum (ER) [27–30]. By blocking the
function of ARF1, all vesiculation at the Golgi stops, leading to a collapse of the Golgi into
the ER. The insulin-stimulated secretion of leptin that is evident after 15 min of insulin
treatment in 3T3-L1 adipocytes was completely blocked by Brefeldin A (5 μg/ml) (Fig. 3B).
These data show that intracellular trafficking through the Golgi is necessary for acute
insulin-stimulated regulation of leptin secretion and thereby suggest that leptin is not
recruited from a post-Golgi storage compartment.

Insulin stimulation of leptin secretion is independent of glucose metabolism and mediated
by a PI 3-kinase independent mechanism

The data above do not address whether the insulin-induced secretion of leptin is a direct
effect of insulin signal transduction on leptin vesicle trafficking or if the stimulation is a
result of secondary changes in glucose metabolism. To address this question, we cultured
3T3-L1 adipocytes in glucose-free medium for 2 h and measured insulin-stimulated leptin
secretion. As shown in Fig. 4A, insulin induced a two-fold induction in leptin secretion in
glucose-free medium, similar to the effect of insulin on leptin secretion in medium with 25
mM glucose. These data indicate that the stimulation of insulin-regulated leptin secretion is
not mediated through changes in glucose metabolism but is rather dependent on insulin per
se.

Glucose uptake into adipocytes is mediated by the PI 3-kinase signaling pathway. We next
examined the effect of a PI 3-kinase inhibitor wortmannin on insulin-stimulated secretion of
leptin. Cells were pretreated with wortmannin (100 nM) for 30 min before 2-hour insulin
stimulation. Wortmannin did not block insulin-stimulated leptin secretion (Fig. 4B), even
though it potently inhibited insulin-induced activation of AKT as shown by its inhibition of
AKT phosphorylation (Fig. 4C). At even higher concentration, wortmannin (1 μM) had no
effect on insulin-stimulated leptin secretion further supporting a PI 3-kinase independent
mechanism.

Discussion
Here, we present the development of an in vitro protocol and validated it for the study of
insulin-regulated leptin secretion in 3T3-L1 adipocytes. Differentiating cells with Ibmx/Dex/
Ins plus Tzd increases leptin gene expression and leads to the formation of an intracellular
storage pool of leptin, which can be released upon acute insulin stimulation. These results
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clearly indicate that leptin can be released from adipocytes via a regulated pathway for
protein secretion and also provide a potential means for studying secretion of other
adipokines. Using this method we also showed that the effect of insulin on stimulating leptin
secretion is independent of insulin-induced changes in glucose metabolism and on insulin-
mediated PI 3-kinase activation.

The differentiation of 3T3-L1 adipocytes with the standard Ibmx/Dex/Ins cocktail with or
without Tzds is a well-established in vitro cellular system for studying adipogenesis, fatty
acid metabolism, and insulin-regulated trafficking [31–35]. In this report, we further show
that this system can be adapted to study insulin-induced leptin secretion. Most of the
previous studies have focused on transcriptional and translational regulation of leptin
production, but did not evaluate if leptin can be acutely regulated, e.g. if there is a storage
pool that can be released upon stimulation [6,7,10,36,37]. Such analyses would be important
as it has become evident that circulating leptin levels change acutely in response to
starvation and re-feeding in rats and humans [38–40]. These latter results indicate that the
molecular mechanisms that regulate leptin release within minutes are likely to be of
physiological significance.

The use of PPARγ agonist with the standard Ibmx/Dex/Ins method leads to an increase in
leptin gene expression while forming an intracellular pool of leptin that can be released upon
insulin stimulation (Fig. 1). Other reports observed a negative effect of PPARγ agonists on
leptin production in 3T3-L1 adipocytes only when adding the Tzds for 24 h to already fully
differentiated day 16 adipocytes [41]. Here we include the Tzd in the differentiation
cocktail; a method, which further enhances adipogenesis and insulin sensitivity as shown in
studies of adipocyte differentiation and insulin-regulated GLUT4 trafficking (unpublished
data) [42,43].

In contrast, 3T3-L1 adipocytes differentiated by the Indo/Ins method seem to fail to form
this intracellular pool of leptin, but rather secrete leptin continuously. We currently do not
know the reason for this difference; if this is because those cells do not have the retention
pathway or because they do not make enough leptin. However, our study focuses on
understanding acute leptin secretion rather than different differentiation procedures,
therefore future studies will be required to characterize the leptin-containing compartment in
3T3-L1 adipocytes on a molecular level.

We further show that the intracellular pool of leptin in 3T3-L1 adipocytes released by
insulin is independent of protein synthesis, confirming that this is a post-transcriptional
mechanism (Fig. 3A). These data are consistent with findings from some [13–15,17,44], but
not other studies of primary cultured adipocytes from rats and humans [18,19]. Although our
data have been obtained using inhibitors rather than by measuring leptin biosynthesis
directly, the results clearly demonstrate that the intracellular stores of leptin can be recruited
upon insulin stimulation independently of protein synthesis. This is further supported by the
observation that insulin stimulates leptin release within 15 min, making the involvement of
protein synthesis in regulated leptin secretion unlikely.

As most of insulin's effects are mediated through a PI 3-kinase signaling pathway, we
investigated the effect of a PI 3-kinase inhibitor wortmannin on leptin exocytosis (Fig. 4B).
Surprisingly wortmannin did not block basal or insulin-regulated leptin release, although it
successfully inhibited the phosphorylation of AKT, a downstream substrate of PI 3-kinase.
In contrast, Bradley and Cheatham observed a reduction of insulin-induced leptin secretion
by inhibitors of the PI 3-kinase pathway (LY294002), the MEK pathway (PD98059) as well
as with the immunosuppressant rapamycin, suggesting a complex system that mediates
insulin-regulated leptin secretion [12]. The basis for this discrepancy is unclear, because
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using higher amounts of wortmannin (1 μM), an amount which has been shown to
completely block PI 3-kinase signaling, had no effect on insulin-induced leptin secretion in
our system, further supporting a PI 3-kinase independent mechanism at least in 3T3-L1
adipocytes.

PI 3-kinase independent signaling by insulin has been previously shown in other settings
including the insulin-stimulated recruitment of the glucose transporter GLUT4, to the
plasma membrane of adipocytes. In some cases, this PI 3-kinase independent signaling
pathway involves recruitment of a CAP/Cbl complex to the insulin receptor and
subsequently activation of a small Rho GTPase called TC10 [45,46]. TC10 has been shown
to be involved in insulin-induced actin remodeling near the plasma membrane and to interact
with one of the components of the exocyst complex, Exo70, in a GTP-dependent fashion
[47]. Further studies will be required to determine whether this pathway provides a link
between insulin signaling and the induction of leptin secretion.

Adipocytes secrete other adipokines in addition to leptin such as adiponectin [20,48–50].
Since leptin and adiponectin exhibit different roles in metabolism, and their expression is
inversely correlated, it will be important to establish whether adiponectin is also secreted by
a regulated pathway. If so, it would suggest that distinct trafficking pathways for protein
secretion function in adipocytes and could provide different ways of regulation for the
release of these adipokines. In the studies performed thus far, adiponectin appears to be
constitutively secreted in the basal state from 3T3-L1 adipocytes with only a small fraction
being stimulated by insulin [20]. In this case, in contrast to leptin, the effect of insulin was
mediated by a PI 3-kinase dependent mechanism, where wortmannin and LY294002
blocked insulin-stimulated adiponectin secretion from 3T3-L1 adipocytes [20]. This
observation adds further evidence in support of the possibility that there are different cellular
mechanisms of vesicle trafficking in regulating leptin and adiponectin secretion.

Although leptin has been mainly localized to the ER by immunofluorescent studies [13], it is
also distributed through the Golgi and in small vesicles near the plasma membrane in white
rat adipocytes [19,23,51]. The acute effect of insulin within 15 min on leptin exocytosis is
completely blocked by Brefeldin A (Fig. 3B), indicating that at least trafficking through the
Trans Golgi Network (TGN)/Golgi is required for full response. This is in agreement with
an earlier study where insulin-induced leptin release was also inhibited by disruption of the
Golgi complex in isolated rat adipocytes [52]. The TGN has been shown to secrete and sort
proteins for different destinations within the cell and to participate in trafficking loops for
certain secretory proteins [53–56]. It is yet unclear whether the insulin-regulated rapidly
releasable pool of intracellular leptin is recruited directly from the TGN or if more medial-
Golgi compartments participate in this response. Some cellular fractionation studies revealed
an increase of leptin with insulin stimulation in the high-density membrane fractions [52],
however contamination of isolated fractions by other membranes greatly reduces the
specificity of this assay.

Taken together our data show for the first time that 3T3-L1 adipocytes possess an insulin-
responsive secretory pathway that regulates leptin release and from where leptin is rapidly
recruited for secretion. The induction of leptin secretion is mediated by insulin itself, as no
involvement of glucose metabolism has been observed. This in vitro system recapitulates
findings from isolated primary cells from rats and humans and presents a useful system for
studying adipocyte secretion in molecular detail. Future studies using this cell culture system
described here will provide new insights into understanding the connection between insulin
signal transduction and leptin secretion, as shown by the independence of insulin-stimulated
leptin exocytosis on the PI 3-kinase signaling pathway.
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Fig. 1.
Effects of different differentiation methods on fat accumulation, leptin expression, and
secretion in day 14 3T3-L1 adipocytes. (A) Oil red O staining in fully differentiated
adipocytes. (B) Leptin mRNA levels, relative to cyclophilin A mRNA levels were
determined using quantitative real-time PCR. Each bar is the mean±SE of 5 independent
experiments normalized to the differentiation with Ibmx, Dex, Ins, and Tzd. (C)
Representative experiment of leptin accumulation into the medium over 48 h normalized to
total protein. Data of three wells of a 6-well culture dish were combined for each condition.
The experiment was repeated over 8 times all with equivalent data.
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Fig. 2.
Acute insulin-induced leptin secretion from adipocytes differentiated with Ibmx/Dex/Ins
plus PPARγ agonist. (A) Scheme of a designed secretion assay with short-term insulin
stimulation (170 nM). 3T3-L1 fibroblasts were differentiated with Ibmx/Dex/Ins plus Tzd
cocktail and cultured until fully differentiated (day 14). On the night before the experiment
medium was changed to minimal amounts (0.5 ml) in order to allow leptin to accumulate for
15 h overnight. In the morning, an overnight point was taken as a starting concentration for
leptin secretion and cells were stimulated with 170 nM insulin for 2 h. Medium was
collected from 3 wells of a 6-well plate, concentrated using Millipore filter units and leptin
content was assayed using a Quantikine Elisa kit. Accumulated leptin was normalized to
total amount of protein from each well. (B) Representative experiment of insulin-induced
leptin secretion over 15 min and 2 h from adipocytes. The experiment was repeated over 10
times all with equivalent data.
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Fig. 3.
Leptin secretion from 3T3-L1 adipocytes is independent of protein synthesis and requires
trafficking through the Golgi apparatus. (A) Effect of cyclohexamide (CHX) on insulin-
induced leptin secretion over 2 h. Cells were pretreated with 10 μg/ml cyclohexamide for 30
min before stimulated with 170 nM insulin for 2 h. Each bar is a mean± SE of 3 independent
experiments normalized to the insulin values. (B) Effect of Brefeldin A (BFA) on short-term
insulin-regulated leptin secretion. Cells were treated with 5 μg/ml Brefeldin A for 30 min
before 15-min insulin stimulation. Each bar is a mean ± SE of 6 independent experiments
normalized to the insulin-stimulated state. *p = 0.001.
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Fig. 4.
Insulin-induced leptin secretion from 3T3-L1 adipocytes is independent of the PI 3-kinase
signaling pathway and of glucose metabolism. (A) 3T3-L1 cells were cultured and
differentiated with Ibmx/Dex/Ins plus Tzd as described in Fig. 2 until day 15, at which stage
the medium was changed to either standard DMEM containing 4.5 g/l glucose or glucose-
free DMEM both supplemented with 10% FBS. After 2 h with or without 170 nM insulin
the medium was collected, concentrated and assayed for secreted leptin. Data of three wells
of a 6-well culture dish were combined for each condition. The experiment was repeated 4
times all with equivalent data. (B) Wortmannin (WT) does not block insulin-induced
secretion of leptin over 2 h. Cells were treated with 100 nM or 1 μM wortmannin for 30 min
prior to 2-hour insulin stimulation. Each bar is a mean±SE of 5 independent experiments
normalized to the insulin-stimulated state values. (C) 3T3-L1 adipocytes were treated with
or without 100 nM or 1 μM wortmannin for 30 min before insulin stimulation for 2 h. Cell
lysates were analyzed in immunoblots by using noted antibodies.
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