Regulation of Leptin Release by Troglitazone in Human Adipose Tissue

John N. Fain, George S.M. Cowan Jr, Cynthia Buffington, Richard N. Andersen, Lisa Pouncey,
and Suleiman W. Bahouth

In pieces of human subcutaneous adipose tissue incubated in primary culture for 48 hours, the release of leptin was stimulated
by 50% in the presence of 3.3 pmol/L troglitazone. Insulin (0.1 nmol/L) and dexamethasone (200 nmol/L) stimulated leptin
release by 30% and 300%, respectively. Troglitazone in combination with either insulin or dexamethasone had no effect on
leptin release. Instead, troglitazone inhibited leptin release in the presence of both dexamethasone and insulin. The
stimulatory effect of troglitazone on leptin release was also mimicked by 1 pmol/L 15-deoxy-Al?>4prostaglandin J, (dPGJ,).
However, if the concentration of dPGJ, was increased to 10 pmol/L in the presence of dexamethasone, there was a decrease in
leptin release, as well as of lactate formation and lipolysis. These data indicate that both stimulatory and inhibitory effects of
troglitazone and dPGJ, can be seen on leptin release by human adipose tissue.
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ROGLITAZONE IS A member of the thiazolidinedione 19 to 60. The fasting blood glucose value averaged 103 mg/dL. One
family of drugs that are effective oral antinyperglycemic individual had a blood glucose value of 197 mg/dL, and all others had
agentst In poorly controlled non—insulin-dependent diabetes values below 115 except for 1 individual with a value of 131 mg/dL.
mellitus (NIDDM) Japanese patients (average body mass index"¢ fasting plasma insulin averaged .12 .02 nmol/L (n= 17,
[BMI], 25) who were treated for 12 weeks with 400 mg/d of mean= SEM). The individual with a blood glucose of 197 mg/dL had a

h L . lasma insulin of 0.10 nmol/L. Adipose tissue was also obtained from 3
troglitazone, there were significant decreases in blood glucosng

. . . L reviously markedly obese females 1 year after gastric bypass surgery
insulin, hemoglobin Alc, and leptihHowever, this improve- when they were hospitalized for abdominoplasty (BMI, 22, 33, and 33).

ment was accompanied by an increase i_n .hung.er, as Well.as o experiments were excluded from data analysis. The study had the
the BMI.2 In obese Zucker rats, the administration of troglita- approval of the local ethics committee, and all patients involved gave

zone for 15 days normalized blood glucose and insulin, but thénformed consent. The patients were fasted overnight before surgery,
weight of the epididymal fat pads increased by almost9%e but had not been on any type of dietary restriction just before surgery.

level of leptin mRNA in the epididymal fat was markedly

diminished along with the number of large adipocytes, indicat-
ing that the increase in fat weight was due to a marked increase Bovine serum albumin powder (Bovuminar lot K59410, containing
in the number of small fat cellkZhang et & treated obese <0.05 mol fatty acids/mol albumin) was obtained from Intergen
Zucker rats for 28 days with a thiazolidinedione and found a(Purchase, NY), troglitazone (Rezulin) was a gift of Parke-Davis,

39% increase in body weight, which was accompanied by gMorris Plains, NJ), and 15-deoxyi**prostaglandin J(dPG3) was
marked decrease in the level of leptin MRNA obtained from Cayman Chemical (Ann Arbor, MI). Insulin and other

An i d liferati f adi t . ¢ chemicals were from Sigma Chemical (St Louis, MO). All agents were
X n |_n<_:rea_se proiiferation ot a 'p9°y €S In response Oadded at the start of the 48-hour incubation. Stock solutions of
thiazolidinediones has also been seen in a bone marrow stromt';}b(‘],”tazone and dPGdvere prepared in ethanol and added in 5 L of

cellline>One of the major regulators of adipose cell differentia- ethanol. The same amount of ethanol was added to control flasks.

tion is peroxisome proliferator-activated recepto(PPARY),

an adipocyte-specific member of the nuclear hormone receptohdipose Tissue Culture

superfamily that appears to be the natural ligand for troglitazone ¢y pieces of adipose tissue 400 mg) were incubated as previously

and other thiazolidinedionés. In addition, some actions of described in Dulbecco’s modified Eagle’'s medium/Ham'’s Baall

troglitazone occur independently of adipose tissue, becausagents were added at the start of the incubation. Aliquots of the medium

hyperglycemia and elevated serum insulin in fat-free micewere taken at 48 hours and stored-é20°C for measurement of leptin

could be normalized by troglitazose. and lipolysis. The leptin content of 20- to 50-pL aliquots of the
In isolated human adipocytes, Nolan €t eported that 10 incubgtion medi_um was determined using human leptin radioimmunoas-

umol/L troglitazone inhibited basal and insulin-stimulated lep- S&Y kits from Linco Research (St Charles, MO), as was the plasma

tin release. Similarly, De Vos et %l reported that in rat insulin. Lipolysis was based on analysis of glycerol release into the

. . . medium?! Total RNA was extracted from adipose tissue at the start and
adipocytes incubated for 24 hours with 100 pmol/L BRL 49653, at the end of the incubatidi13 Leptin mRNA and glyceraldehyde-3-

which is a thiazolidinedione, there was a marked decrease in thﬁnosphate dehydrogenase (GAPDH) mRNA were analyzed simulta-
level of leptin mRNA. The present studies used cut pieces o
human adipose tissue incubated in primary culture for 48 hours
and indicated that there were both stimulatory and inhibitory From the Departments of Biochemistry, Pharmacology, and Surgery,
effects of troglitazone on leptin release. College of Medicine, University of Tennessee, Memphis, TN.

Submitted February 4, 2000; accepted April 26, 2000.
SUBJECTS AND METHODS Supported by the Harriett S. Van Vleet Chair of Excellence in

Biochemistry and by Parke Davis, a Warner-Lambert Division.
Address reprint requests to John N. Fain, PhD, Department of
Subcutaneous abdominal adipose tissue was obtained from 1Biochemistry, University of Tennessee, 858 Madison Ave, Memphis, TN

morbidly obese females and 1 male undergoing elective open abdomi8163.
nal surgery (gastric bypass) under general anesthesia after an overnightCopyright© 2000 by W.B. Saunders Company
fast. The BMI of these patients ranged from 42 to 67, and the average 0026-0495/00/4911-0009$10.00/0
BMI was 54. The mean age of the patients was 39 years, with a range of doi:10.1053/meta.2000.17675

Materials

Subjects

Metabolism, Vol 49, No 11 (November), 2000: pp 1485-1490 1485



1486 FAIN ET AL

neously by Northern blot analysis using3#-labeled mouse leptin
cDNA probe and a human GAPDH cDNA probe. It was necessary to
increase the sensitivity of the Northern blot analysis by the inclusion of
ULTRAhyb (Ambion, Austin, TX) in the hybridization buffer. The
radioactivity in leptin mRNA in each experiment was corrected for
recovery of 18S RNA and also expressed as the ratio of cpm recovere
in leptin mMRNA divided by thatin GAPDH mRNA.

Statistical analysis was based on Studetrtest for the data shown in
Figs 1 through 3. The statistical analysis in Table 1 was repeate
measures analysis of variance, run using version 8.0 of the SP
(Chicago, IL) “GLM” procedure on a Dell (Austin, TX) laptop with a
Windows 95 platform (Microsoft, Elbgrove, CA). The data analysis was
based on the percentage differences due to added agents to normali
the data, because the basal release of leptin was quite variable. Ba
release of leptin over 48 hours in the absence of any added agen
ranged from 30 to 318 ng/g of adipose tissue in 22 individuals. There
was no significant correlation between leptin release and BMI, plasma
insulin, or blood glucose for the 22 individuals (unpublished data).
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The addition of troglitazone to pieces of human adipose
tissue resulted in a stimulation of leptin release over a 48-hour Fig2. Troglitazone inhibits leptin release in the presence of insulin
incubation (Fig 1). We used a 48-hour incubation becauseand dexamethasone. Fragments of adipose tissue (400 mg) were
dexamethasone, a synthetic glucocorticoid, stimulated leptinncubated for 48 hours in 5 mL of medium without (A) or plus 200
release after 48. but not 24 hours of incubafibfihe maximal nmol/L dexamethasone (A). The values are shown as the percentage

. lati £l - | o in th ?ange:SEM due to insulin from the 48-hour basal value, which was
stimulation o eptln re ease_ (49%) was seer_l in the presence 0l21 + 20 ng/g of leptin in the absence and 350 + 45 ng/g in the
3.3 umol/L troglitazone, while 1 pmol/L troglitazone increased presence of dexamethasone with the indicated concentrations of
leptin release by 33%, and both differences were significantroglitazone. The values are for adipose tissue from 14 different

with P < .001. Increasing the concentration of troglitazone to
10 pmol/L reduced the stimulation by about half indicating that
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Fig 1. Troglitazone stimulates leptin release by human adipose
tissue in the absence of dexamethasone. Fragments of human
subcutaneous adipose tissue (~400 mg) were incubated for 48 hours
in 5 mL of medium either without (O), with 200 nmol/L dexametha-
sone (@). The values are shown as the mean of = SEM of the paired
percentage differences due to 1, 3.3, or 10 pmol/L troglitazone using
fat from 17 different individuals. The basal value for leptin release
was 114 = 17 ng/g of fat in the absence and 321 = 26 ng/g of fatin the
presence of dexamethasone.

individuals.

approximately 3.3 pumol/L troglitazone had the maximal effect
(Fig 1).

In the presence of 200 nmol/L dexamethasone, basal leptin
release was increased from 13417 to 321+ 26 ng of leptin
per gram of fat over 48 hour®(< .001) in the studies shown in
Fig 1. However, there was no statistically significant effect of
troglitazone on leptin release in the presence of dexamethasone
(Fig 1).

We found that the leptin mRNA content of adipose tissue
after a 48-hour incubation was 61% 10% of the initial value
in the absence and 72% 13% in the presence of 3.3 umol/L
troglitazone (meam: SEM of 14 experiments). The leptin
MRNA content after 48 hours was 124%34% of the initial
value in the presence of 200 nmol/L dexamethasone and 174%
+ 48% in the presence of troglitazone plus dexamethasone
(mean= SEM of 9 experiments). If the data were analyzed as
the percent change due to 3.3 umol/L troglitazone in the ratio of
leptin MRNA/GAPDH mRNA, the change was still not statisti-
cally significant 7% = 8% in the absence antd34% + 22%
due to troglitazone in the presence of dexamethasone). These
data indicate that while there was a clear effect of dexametha-
sone on leptin mMRNA, no statistically significant effect on leptin
MRNA could be seen with troglitazone.

The stimulation of leptin release by 1 pmol/L troglitazone
(33%) in the absence of dexamethasone was similar to the 28%
increase in leptin release seen with 0.1 nmol/L insulin (Fig 1
Fig 2). The combination of insulin plus 10 umol/L troglitazone
had an effect equivalent to that of insulin alone (Fig 2). Thus,
insulin or dexamethasone blunted the stimulatory effect of
troglitazone on leptin release from human adipose tissue.
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In the presence of 200 nmol/L dexamethasone, the percent-  Table 1. Stimulation of Leptin Release by Troglitazone in

age increase in leptin release due to 0.1 nmol/L insulin was not the Presence of Forskilin Plus Insulin Is Converted to
significantly different than that seen in the absence of dexametha- an Inhibition in the Presence of Dexamethasone
sone (Fig 2). This differentiates the effect of insulin from that of % Change From Basal
troglitazone whose stimulation of leptin release was abolished _ Wwith P Value*
in the presence of 200 nmol/L dexamethasone (Fig 1). Further- Tr(\),\gl;lti?:zztne T(rlf)gl'l';ag‘l’/ff dnff‘;frgr‘ie)
more, troglitazone at 10 pumol/L actually blocked the stimula- -
tion of leptin release by insulin in the presence of dexametha- Lewi':hgeu'teiia
sone (Fig 2). methasone
It has been reported that thiazolidinediones reverse cyclic Forskolin (2
adenosine monophosphate (cCAMP)-induced insulin resistance pmoliL) ~13.0 + 6.3 409+ 125 215
in mouse 3T3-L1 celld or rat adipocyte$®> Therefore, we Forskolin (2
examined the effects of 10 umol/L troglitazone on leptin release umol/L) and
and lipolysis in the presence of forskolin, which is a direct insulin (0.1
activator of adenylyl cyclase (Table 1). Forskolin (2 pmol/L) ~ nmollL) o1=7Lo +2sl =14l 049
. . . . With dexametha-
increased lipolysis by 30% to 65% over 48 hours in the absence sone (200
or presence of dexamethasone. Troglitazone did not signifi- nmolil)
cantly affect forskolin-stimulated lipolysis either in the absence Forskolin (2
or presence of insulin (Table 1). pmol/L) -329+89 —445+ 7.6 257
A 13% trend toward inhibition of leptin release in the Forskolin (2
presence of forskolin was observeR € .071), and a 33% pmol/L) and
inhibition of leptin release in the presence of forskolin plus insulin (0.1
dexamethasone was reliably documented=(.004, Table 1). Lipoly:i?o"") 725295 ~243=90 029
Troglitazone (10 umol/L) abolished the apparent inhibition of Without dexas
leptin release by forskolin in the absence of dexamethasone methasone
(Table 1). This was in agreement with data shown in Fig 1, in Forskolin (2
which there was stimulation of leptin release by 10 pumol/L pmol/L) +49.2 111  +47.3+10.3 402
troglitazone in the absence of forskolin. Forskolin (2
There was no significant inhibition of leptin release by umol/L) and
forskolin in the presence of insulin, either witR & .956) or insulin (0.1
without (P = .876) the presence of dexamethasone. However, Mol FILEETL 4388 ETT 530
. s . . With dexametha-
10 umol/L troglitazone inhibited leptin release by 22% in the sone (200
presence of dexamethasone, forskolin, and insufis-(.029, nmoliL)
Table 1). This was in contrast to the 25% stimulatiBn= .049) Forskolin (2
of leptin release due to 10 umol/L troglitazone in the presence of pmol/L) +65.8 +17.6  +48.9 + 13.3 .075
forskolin and insulin. These data clearly indicate that under Forskolin (2
appropriate conditions troglitazone can either stimulate leptin umol/L) and
release (the absence of insulin, forskolin, or dexamethasone or insulin (0.1
nmol/L) +33.6 =121  +28.7 +12.0 .168

the presence of forskolin plus insulin), have no effect (the

presence of forskolin or insulin), or inhibit leptin release in the NOTE. Fragments of human subcutaneous adipose tissue (390 mg)

presence of all 3 agents. were incubated for 48 hours in 5 mL of medium in the absence or
Prostanoids such as dPGehn activate PPARlG’” but are presenf:e of 200 nmol/L dexz_imethasone and insulin_ (Q.l nmol/L),

eso potentnhiiors ofIKB Kinasis Sinha et & ecently 1017 2 4ol o foatrere 00 ek = et T

reported that m_ cultured 3T3-L1 mouse adlpo‘_:ytgs_’ GRaBJ . differentindividuals. The percent changes due to added agents are the

concentrations in the range of 0.1 to 10 pmol/L inhibited leptin .., - sem of the paired differences. The basal value for leptin

release. They also reported a similar inhibition of leptin releasgelease was 121 = 20 (mean + SEM) ng/g of fat in the absence and

by 0.1 to 1 umol/L troglitazone confirming the work of Kallen 350 + 60 ng/g in the presence of dexamethasone. The basal value for

and Lazat’ In the absence of dexamethasone, we have seen lipolysis based on glycerol release was 6.6 + 0.4 umol/g of fat in the

statistically significant® < .025) increase in leptin release due absence and 6.2 + 0.6 umol/g in the presence of dexamethasone.

to 1 umol/L dPGJ(Fig 3). The increase (40%) was comparable *Statistical significance of the difference due to troglitazone esti-

to that seen with 1 pmol/L troglitazone (Fig 1). The presence of"3ted using repeated measures analysis of variance.

dexamethasone did not appear to affect the increase in leptin

release due to 1 umol/L dPEHowever, at a concentration of  The response of human adipose tissue to hormones or added

10 pmol/L, dPG¢ markedly inhibited leptin release in the agents is quite variable, and this is illustrated in the data shown

presence of dexamethasone, which may be secondary to the Fig 4. The increase in leptin release due to 3.3 umol/L

pronounced decrease in adipose tissue metabolism, as reflectedglitazone in the absence of dexamethasone from 22 individu-

in the marked reduction in glucose conversion to lactate, as weldls is plotted in Fig 4 against the BMI. Six individuals showed a

as lipolysis (Fig 3). response to troglitazone in excess of 60% with respect to
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Fig 3. Stimulation of leptin release by low concentrations of
deoxy PGJ,. Fragments of human subcutaneous adipose tissue
(~410 mg) were incubated for 48 hours in 5 mL of medium either
without (O) or with 200 nmol/L dexamethasone (®). The values are
shown as the percentage = SEM of the control values for the effects
of the indicated concentrations of dPGJ, and are for tissue from 6
different individuals.
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Fig 4. Lack of correlation between BMI and the effect of troglita-
zone on leptin release. Fragments of human adipose tissue (~395
mg) from 22 individuals were incubated for 48 hours in 5 mL of
medium in the absence of dexamethasone either in the absence or
presence of 3.3 pmol/L troglitazone. The effect of troglitazone on
leptin release as percentage of the control value for leptin release by
each individual is plotted v the BMI for that person.

stimulation of leptin release, while 13 had an intermediate
response, and 3 had no response to troglitazone. Two of the
adipose tissue samples that showed no response to troglitazone
were from individuals with BMI values of 22 and 33 (formerly
morbidly obese individuals who had gastric bypass operations a
year previously and whose subcutaneous adipose tissue was
obtained during abdominoplasty). There was no significant
correlation between BMI and the response to troglitazone in
adipose tissue from obese individuals (Fig 4). There was also no
significant correlation between BMI and basal leptin release by
adipose tissue from the individuals shown in Fig 4 (data not
shown).

There was a significant correlation (0.62< .005) between
the stimulation of leptin release by troglitazone in the absence
of dexamethasone and that due to insulin (Fig 5). The data show
that there was as much individual variation in the response to
the insulin as to troglitazone.

DISCUSSION

The release of leptin to the medium over a 48-hour incubation
of human adipose tissue represented new synthesis of léptin.
In this system, insulin stimulated leptin release, and the effect of
0.1 nmol/L insulin was 60% of that seen with 10 nmol/L
insulin1! Similarly, an increase in leptin release from cut pieces
of human subcutaneous fat by 7 nmol/L insulin was reported by
Russell et af° In both of our studies and those of Russell e¥al,
adipose tissue was incubated in serum-free media. In contrast,
inhibitory effects of insulin on leptin release by cut pieces of
human subcutaneous adipose tissue or adipocytes that were
incubated for 48 hours have been reported in the presence of
10% serat2?
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250 - is PGH,, which is formed from arachidonic acid by cyclooxy-
y =0.950x + 18.544 r=10.620 genase enzymes. It has been reported that gRGtvates
a PPARYy, which is atransacting nuclear factor involved in
adipocyte differentiatiod®2* The effects of troglitazone and
200 - O other thiazolidinediones have been attributed to their activation

of PPARy.” The amount of PPAR-2 mMRNAs is at least 10-fold
higher in human subcutaneous adipose tissue than in rat or
mouse adipose tissdeThere is also a positive correlation in
humans between BMI and the amount of PRAR or -2
mRNAs in adipose tissu#.Small increases were seen in the
amount of PPAR-1 and -2 mRNA after a 48-hour incubation of
human adipocytes with insulin plus dexamethasSrieterest-
ingly, if we incubated cut pieces of human adipose tissue for 48
hours with both insulin and dexamethasone, the addition of
troglitazone abolished the effect of insulin on leptin release
(Fig 2).

Our findings that both troglitazone and dR@dder appropri-
ate conditions can directly stimulate leptin release by human
adipose tissue are in contrast to those seen in cultured murine
3T3L1 cells in which the low release of leptin was inhibited by
thiazolidinediones and dP&%17In adipose tissue from obese
mice incubated for 24 hours in the same buffer used for human
adipose tissue, we saw a 30% 9% (n= 6 experiments)
increase in leptin release by 0.1 umol/L dRGJnpublished
data). However, the effects of dP&ie very dose-dependent as
shown in Fig 3 because dP&k a concentration of 10 pmol/L
actually inhibited leptin release in the presence of dexametha-

Our data show a stimulation of leptin release by 3.3 umoI/Lsonehby humanladé)pose tissue |20l;]bat3d for 38 E.oursi:d.
troglitazone in the absence of dexamethasone over a 48-hour. It as rgcgnty heen repqrte_ t_a_lt BG"B_] thiazolidine- .
incubation of human adipose tissue in primary culture. Thedlones inhibited mitochondrial viability and induced apoptosis
stimulatory effect of troglitazone was dose-dependent becaus® cgltureq JEG _Ch",r'?carc'”om? cell¥ The d(.)se.-.response
the effect of either 1 or 10 umol/L troglitazone was about a halfrelat'onShIp for inhibition of mitochondrial viability was

to two thirds that of 3.3 pmol/L troglitazone. No stimulatory almost identical to that for inhibition of lipolysis and lactate
effect of troglitazone was seen in the presence of dexamethd€€ase by human adipose tissue (Fig 3). These data suggest that

sone, which itself increased release of leptin by 180%. Moreth€ inhibitory effects of 10 umol/L dPGan leptin release may

over, 10 pmol/L troglitazone actually blocked the stimulation of P& Secondary to induction of apoptosis. It is also possible that
leptin release by insulin in the presence of dexamethasone (FiliKB kinase inhibition by 10 pmol/L dPGEould be involved in

2), while inhibiting leptin release in the presence of dexamethaits toxic effects on adipose tisséi:? .
sone, insulin, and forskolin (Table 1 and Fig 2). These data One long-term effect of treatment of obese Zucker rats with

clearly illustrate the complex interactions of hormones angtroglitazone is an increase in adipose tissue mass especially of
troglitazone with respect to leptin release. small fat cells® The increase in fat was accompanied by a

Prior investigators using relatively high concentrations of Marked decrease in the number of large fat cells and of leptin
thiazolidinediones (10 to 100 umol/L) reported only inhibitory MRNA2 The increased proliferation of adipocytes is the
effects on leptin release. In the study of Nolan et Ryman  €xpected long-term effect of activators of PPARvhich was
adipocytes from 2 subjects were incubated for 72 hours irPriginally known as the adipocyte differentiation factor. It is
medium containing 10% fetal calf serum. Troglitazone at aunclear how leptin release is enhanced in human adipose tissue
concentration of 10 pmol/L was reported to markedly inhibit Py low concentrations of troglitazone or dRGBlowever, as
basal leptin release and to completely abolish the markeghown in Fig 3, this was not accompanied by any inhibition of
increase in leptin release due to insulin between 48 and 73polysis or glucose conversion to lactate. We saw similar
hours? However, adipocytes in primary culture undergo a 40%findings with troglitazone in the experiments shown in Fig 1 in
loss of their 18S RNA over 24 hout3This loss is much less if ~ which lactate formation averaged 54 pumol/g over 48 hours in
pieces of adipose tissue are incubated under the same condhe absence of dexamethasone, but 58 umol/g in the presence of
tions13 3.3 or 10 umol/L troglitazone (unpublished data).
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Fig 5. Correlation between the effect of troglitazone on leptin
release and that of insulin. Fragments of adipose tissue (395 mg)
were incubated for 48 hours in 5 mL of medium without dexametha-
sone either with 0.1 nmol/L insulin or 3.3 pmol/L troglitazone. The
values are from 20 of the 22 individuals whose BMI is shown in Fig 4
and in which adipose tissue was incubated with insulin. The correla-
tion coefficient was .62, which was significant with a P < .005.

The data in Fig 3 show that 1 pmol/L dPGlimulated leptin
release by cut pieces of human adipose tissue. gR@&rived
from PGJ, which in turn, is a product of PGDnetabolism. The
common precursor of both prostaglandin(BGE) and PGD

In conclusion, our data show that in pieces of human
subcutaneous adipose tissue from morbidly obese individuals
incubated for 48 hours in serum-free media, there was a
stimulation of leptin release by troglitazone in the absence of
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insulin or dexamethasone. Whether these findings are equallieptin release was seen in the presence of both insulin and
applicable to tissue from individuals with a normal BMI dexamethasone.

remains to be demonstrated. However, the stimulatory effect of ACKNOWLEDGMENT

troglitazone was not seen if dexamethasone or insulin were also The authors are indebted to Dr Marshall Graney for statistical
present. Furthermore, an inhibitory effect of troglitazone onconsultation.
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