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Obesity: Towards a Molecular Approach

Clinical Types of Obesity

Q 001 GENETICS OF HUMAN OBESITY, Claude Bouchard, Physical Activity Sciences
Laboratory, Laval University, Ste-Foy, Québec G1K 7P4, Canada.

Three different lines of evidence will be used to demonstrate the role of the genotype
in human variation for total body fat, and particularly abdominal fat. First, based on
data obtained in about 1700 individuals from 9 different kinds of relatives by descent or
by adoption, and using the analytical methods from the field of genetic epidemiology, we
concluded that the additive genetic effect was quite low (less than 10%) for subcutaneous
fat but reached about 25% to 30% of the age and gender adjusted fat mass, percent fat
and regional fat distribution. We could not find any evidence for a larger maternal or
paternal effect, a specific X- or Y-linked effect, or a sex-limited effect. From data
obtained in pairs of parent-child, dizygotic (DZ) and monozygotic (MZ) twins, we also
reported that the heritability for resting metabolic rate, thermic response to a
standardized meal and energy cost of submaximal exercise was significant and reached at
least 40% of the variance after adjustment for the proper concomitants. Second, using
an experimental genetic strategy, we were able to conclude that the genotype was an
important determinant of the human adaptive response to chronic overfeeding, in both
short-term (22 days) and long-term (100 days) studies. In the latter case, 12 pairs of
young adult male MZ twins were overfed by a total of 84 000 kcal over 100 days. We
found 3 times more variance between pairs than within pairs in the changes observed in
subcutaneous fat, total fat mass and body energy gain as well as for the various
components of energy expenditure. However, the genotype-environment interaction effect
was much stronger (F ratio 2 6) for the changes in visceral fat deposition. Third, we
have undertaken the search for genetic markers of the obese state and of the sensitivity
to chronic overfeeding. Thus far, we have identified 10 proteins of the adipose tissue
from 2-D gel electrophoresis which exhibit genetic variation. Two of these are
particularly interesting: variants for the 802 protein being primarily observed in the MZ
twins gaining less fat with overfeeding, while 10DE variants were seen in the high
gainers. These studies have been extended to nuclear and mitochondrial DNA using RFLP
technology. One interesting observation is that obese women exhibit more mtDNA
polymorphism than lean controls with a panel of 22 restriction enzymes. Several
promising avenues are currently explored.

Q002 OVERVIEW OF OBESITY, George A. Bray, Dept. of Diabetes and Clinical Nutrition,
University of Southern Catlifornia, Los Angeles, CA 90033
The elements of a feedback system for regulating body fat stores are reviewed. The
effects of cholecystokinin has been used as an example of a molecular mechanism involved
in the afferent 1imb of the feedback system. In the central controller, the increase in
body weight following the chronic infusion of norepinephrine into the ventromedial nucleus
is used as an example of a molecular mechanism for inducing obesity since similar
infusions into the paraventricular nucleus do not produce obesity, but will produce acute
increases in food intake. A second example of molecular mechanisms regulating food intake
and body weight within the central nervous system will come from the effects of
adrenalectomy and corticotrophin releasing factor. Efferent controls for this system are
illustrated with two examples. First, the reciprocal relationship of activity of the
sympathetic nervous system to food intake is discussed. Second, the role of acetylation
of MSH in the development of the obese yellow mouse is presspted in detail. The percentage
of desacetyl-MSH in pituitary extracts from yellow obese (A'7/a) mice was twice as high as
in the pituitaries from lean black (a/a) mice of the same strain. Treatment of yellow
obese mice with desacetyl-MSH significantly increased body weight and food intake, but
treatment with alpha-(N-acety1)-MSH did not. Alpha MSH produced more black pigmentation
of regrowing hair whereas desacetyl MSH produced less pigmentation. Desacetyl-MSH
increased food intake in yellow obese mice, but alpha~(N-acetyl)-MSH did not.
Corticosterone levels in yellow obese mice treated with desacetyl-MSH were increased, but
alpha-(N-acetyl)-MSH was without effect. The higher ratio of desacetyl MSH to alpha-(N-
acetyl)-MSH may provide a biochemical mechanism for the yellow coat color, hyperphagia and
obesity in the yellow obese mouse.
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Adipocyte Differentiation

QO003  REGIONAL OBESITY AND STEROID HORMONE INTERACTIONS IN HUMAN ADIPOSE

TISSUE, Per Bjorntorp and Marielle Rebuffe-Scrive, Department of
Medicine I, Wallenberg Laboratory, Sahlgren's Hospital, University of
Goteborg, Sweden

Abdominal distribution of body fat is an independent risk factor for
cardiovascular and cerebrovascular disease, as well as non-insulin depen-
dent diabetes mellitus. Genetic and environmental factors particularly
steroid hormones, regulate fat distribution. The tight statistical asso-
ciations to disease makes it important to understand these mechanisms.

Glucocorticoids are important for the induction of 1lipoprotein lipase
activity (LPL), the main enzyme regulator of lipid uptake. The density of
the glucocorticoid receptor seems to be higher in intraabdominal than
other adipose tissues. Progesterone seems to increase LPL specifically in
the gluteal-femoral region. Progesterone binding is very low in human adi-
pose tissue and of uncertain significance for progesterone function.

Progesterone interacts with LPL induction via competition over the glu-
cocorticoid receptor while testosterone seems to inhibit LPL via another
mechanism. Corticosteroids apparently interact with sex steroid hormone
receptor density.

The currently available knowledge is compatible with a balance between

the effects of hormones produced by the hypothalamic-adrenal cortical or
gonodal axes, determining lipid accumulation in either intraabdominal or
peripheral adipose tissues. With corticosteroid excess, with or without a
decrease in the sex steroid hormones, lipid accumulation is favoured in
the intraabdominal regions.
Functional cortisol overproduction is seen 1in subjects with abdominal
excess of fat, probably on the basis of prevalent smoking, stress, and
alcohol overconsumption, which also cause a decrease in sex steroid pro-
duction. The intraabdominal distribution of fat in these subjects might
thus be due to this endocrine profile combined with the distribution  of
steroid hormone receptors in different adipose tissue regions.

Q004 HORMONAL CONTROL OF ADIPOCYTE DIFFERENTIATION, Gordon M. Ringold, Marc
Navre and Hans-Michael Wenz, Cancer and Developmental Biology, Syntex Research, 3401
Hillview Avenue, Palo Alto, CA 94304.

The environmental cues that control developmental decisions more often than not take the form of
hormonal signals. We have been studying the mechanisms by which glucocorticoids, fibroblast growth
factor (FGF) and tumor necrosis factor (TNF) regulate the conversion of adipoblasts to adipocytes. The
differentiation of the adipogenic cell line TA1 is accelerated by glucocorticoids and requires high cell
density. In contrast either FGF or TNF will block and under appropriate conditions reverse the
differentiation of these cells.

We have recently focused our attention on the observation that the effects of FGF on adipocyte
differentiation are independent of a mitogenic response. Moreover, using selective modulators of protein
kinase C we have determined that there are two FGF-sensitive pathways in TA1 cells: one, associated with
initiation of differentiation can be blocked by ecither TPA or FGF whereas the other, required for
maintenance of differentiation can be inhibited by FGF but not TPA. This latter pathway is also regulated by
second messengers signalling systems influenced by both protein kinase C and Ca2+,

Lastly, we have recently identified an FGF-repressible gene encoding a 27 kDa protein (AP27) that
appears to be required for triggering differentiation. The expression of this gene is induced by increasing
cell density and glucocorticoids but repressed by FGF or TPA. Production of AP27 anti-sense RNA in either
3T3-L1 or TA1 cells markedly inhibits their ability to undergo adipogenic conversion. This effect is specific
since expression of P-actin or ferritin heavy chain anti-sense RNA does not compromise these cells’
differentiative ability. We conclude that AP27 is required though not necessarily sufficient for the initiation
of differentiation of adipoblasts to adipocytes.
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Control of Gene Expression Related to Energy Balance

Q005 REGULATION OF ADIPSIN EXPRESSION IN OBESITY,Jeffrey Flier,Brad

Lowell, Antonella Napolitano, Abdul Dulloo, Pat Usher, Barry Rosen ard Bruce
Spiegelman. Dept. of Medicine, Beth Israel Hospital, and Dana Farber Cancer Center,
Boston, MA 02165. Adipsin is a circulating, adipocyte derived serine protease whose
expression we have shown to be profoundly impaired in several rodent models of genetic
(ob/ob and db/db) and acquired obesity (monosodium glutamate induced,MSG). We have
sought: to define some of the factors that regulate adipsin expression in vivo in normal
moearxiinmcewlthsyndnmesofd:esity Ineadlofthem:semdelsofobesity
characterized by reduced adipsin expression, sympathetic nervous system activity is
impaired. We therefore assessed the effect of treatment with the sympathomimetic
cocktallofe;ixednm (1gm,/kgdm) and caffeine (1.36 gm/kg chow) upon both adiposity
and adipsin expression in MSG and ob/ob mice. Ephedrine plus caffeine (E+C) therapy
ngmasasxmlemmttodmcmpletelyreverseddaesuymbssmceoverdfweeksard
increased adipein nRNA abundance in epidydimal fat and brown adipose tissue (BAT) to
levels at or above normal. 'Iheconcentraumofadlpsinmtheplasmasuredby
radioimmmoassay was also restored. In contrast, E+C treatment had little effect on
adiposity, adlpsm mRNA abundance or cmlatmg adipsin concentration in ob/ob mice.
Ephedrine did increase adipsin expression in lean littermates of ob/ob mice . Thus, the
ability of E+C to mobilize fat correlated well with the ability of the treatment to
induce adipsin expression. The ability of E+C to induce adipsin expression suggested
thatd:mmsheiSNSacuwtymghtberespasmleforsanecmpmamofampsm
deficiency in obesity. However, neither cold exposure (4 C) for up to 3 days which
markedly stimilates SNS activity nor treatment with 60H-dopamine, which destroys
sympathetic nerve terminals, affectedadlpsme:mlmmmormwmatqed
circulating adipsin levels. Furthermore, regulated expression of adipsin during these
manipulations (ie E+C, cold exposure) diverges from that of brown fat uncoupling
protein. Thus, adlpsmmzpresamamearsmttoberegluatedbythesrisardthe
mechamsmwherd)y wmmmmmlmmmtobemm Another in
vivo factor that might be mllmted in altered adipsin expression is the level of
glucocorticoid hormones, since these are increased in ob/ob, db/db and MSG mice.
Evidence that glwocortloolds suppress adipsin expression in vivo and account in part
for the reduced expression in obsn:y will be presented. Finally, in vivo and in vitro
evidence that insulin plays a role in the regulation of adipsin will be discussed.

Q 006 MOLECULAR MECHANISMS INVOLVED IN THE NUTRITIONAL AND HORMONAL REGULATION OF THE
AVIAN GENE FOR MALIC ENZYME, Alan G. Goodridge, Dominic A. Fantozzi, Steven A.
Klautky, Xiao-jun Ma, David A. Mitchell, Lisa M. Salati, and Julian Swierczynski, Department
of Biochemistry, University of Iowa, Iowa City, IA 52242,
The activity of hepatic malic enzyme, one of a set of lipogenic enzymes, is high in well-
fed chickens and low in starved chickens. In chick~embryo hepatocytes in culture, insulin
and triiodothyronine (T3) are positive effectors, and glucagon acting via cyclic AMP is a
negative effector. Hormone concentrations in the blood are consistent with insulin and T3
laying major positive roles, and glucagon a major negative role, in regulating hepatic
malic enzyme activity during the transitions between the fed and the starved states.
Nutrition- and hormone-induced changes in malic enzyme activity are due to altered concen-
trations of malic enzyme protein which, in turn, are due to altered rates of synthesis of
malic enzyme. Synthesis of malic enzyme is controlled by regulating the abundance of malic
enzyme mRNA. Based on kinetic and inhibitor experiments, both starvation and glucagon
stimulate degradation of malic enzyme mRNA, but not sufficiently to account for the decrease
in mRNA level caused by these treatments. The main regulatory mechanism appears to involve
initiation of transcription. The T3-induced accumulation of malic enzyme mRNA in culture
is blocked by puromycin, an inhibitor of protein synthesis, and by H8, H7 and HA1004,
inhibitors of protein kinases. T3 also stimulates the activity of a nuclear protein kinase
in our hepatocytes in culture. Thus, the intracellular signalling pathway by which T3
regulates transcription of the malic enzyme gene may include a protein intermediate and
phosphorylated protein intermediate or require the activity of a rapidly turning over
protein(s) and a phosphorylated protein(s). Supported in part by grant DK21594 from the
National Institutes of Health.
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Q007 THE INTRODUCTION OF GENES OF METABOLIC INTEREST INTO CELLS AND ANIMALS, R.W.
Hanson, M. Hatzoglou, A, Wynshaw-Boris, M.M. McGrane, F.J. Rottman, J. Yun and
T. Wagner, Department of biochemistry, Case Western Reserve Univ., Cleveland, OH 44206 and
the Edison Animal Biotechnology Center, Ohio Univ., Athens, OH.
A series of chimeric genes containing the P-enolpyruvate carboxykinase (GTP) (EC 4.1.1.32)
(PEPCK) promoter ligated to the structural gene for bovine growth hormone (bGH) were
introduced into hepatoma cells or into the germ-line of mice and pigs in order to deter-
mine factors which regulate the expression of the promoter in vivo and the effect(s) of
the expression of bGH on metabolic processes in the animals. The PEPCK promoter
(~450/473) contained elements responsive to cAMP and ineulin as well as tissue-specific
sequences which direct the expression of the chimeric gene to the liver. A murine retro-
viral vector was also used to introduce the chimeric PEPCK/bGH gene into hepatoma cells
and into the livers of 20 day fetal rats infected with the virus in utero by interperito-
neal injection. Bt,cAMP markedly increased (within 2 hrs) and insulin decreased the
transcription of be from the PEPCK promoter in hepatoma cells infected with the retro-
virus. Rats infected in utero with the retrovirus, containing the PEPCK/bGH gene, ex-
pressed the gene in the liver and bGH was detected in the blood several months after
birth. Transcription of the chimeric gene was controlled by the administration of hor-
mones and by diet in the predicted manner. In transgenic mice expressing the PEPCK/bGH
gene, diets high in carbohydrate reduced the concentration of bBGH in the serum to 5% of
that noted in control animals and subsequent refeeding the diet high in protein but devoid
of carbohydrate resulted in a 20-fold increase in serum bGH within a week. Pigs contain-
ing the PEPCK/bGH transgene introduced into the germ line by microinjection had a 502
reduction in back fat and a 307 increase in feed efficiency. The potential usefulness of
these methods of introducing genes of metabolic interest into cells and animals will be
discussed and the effects of altered bGH levels on carbohydrate and 1ipid metabolism
outlined.

Animal Models of Obesity
Q008 GENETIC OBESITY SYNDROMES IN MICE, D.L. Coleman, Jackson Laboratory, Bar Harbor,
ME 04609

Several different rodent models are available for metabolic studies on the development of
obesity. Although the abnormalities associated with each obesity type have many features
in common, the documentation of several different genes being involved makes it unlikely
that the various syndromes will be reduced to a single disturbance in one metabolic
pathway. The severity of the diabetes/obesity syndrome produced depends on the
interaction of the individual mutation with genetic factors in the inbred background of
the host. Establishing the nature of these gene-host interactions in rodents should aid
us in understanding similar interactions that occur in human diabetes/obesity. The
development of the syndrome in most models is similar and includes hyperinsulinemia,
hyperphagia, and attempts at increasing insulin supply by g -cell hyperplasia and
hypertrophy in the early stages. Hyperglycemia, obesity, and severe diabetes are
secondary features that result from a combination of insulin resistance and a failure to
sustain the secretion of the large amounts of insulin., Most models utilize ingested food
and stored food reserves more efficiently. This increased metabolic efficiency extends to
heterozygotes that are normal in all respects having only one dose of the deleterious
gene. Establishing this increased metabolic efficiency in heterozygotes lends credence to
the thrifty gene hypothesis of diabetes/obesity and suggests a mechanism whereby some
deleterious diabetes/obesity genes may be favored in the human population. The best
studied mouse models, and those for which the most complete information is available, are
those caused by single genes, e.g., yellow, obese, diabetes, tubby, and fat. In the other
models, the mode of inheritance is either polygenic or otherwise unciear, features which
interfere with the interpretation of the data. This talk will briefly summarize the
developing syndrome in each model, point out differences, and suggest areas where future
research should be most productive in the light of contemporary studies.
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Q009 DIETARY OBESITY, Janis S. Fisler and George A. Bray, Department of
Medicine, University of Southern California School of Medicine, Los Angeles,
CA 90033.

Obesity has been produced in experimental animals by providing sucrose
solutions to drink, by providing a varied and palatable diet, or by feeding
high fat diets with or without added sucrose. Genetic susceptibility to a
high fat diet occurs in the yellow mouse with the a’ gene and in some strains
of rats. Feeding rats a high fat diet produces the greatest increase in body
fat in Osborne-Mendel rats, an intermediate level of increase in animals of
most other strains, and only a very small weight gain in S 5B/Pl1 rats. This
difference in response to a high fat diet implies that the mechanisms
controlling energy balance differ between the strains. We have developed a
model utilizing the dietary fat resistant S 5B/Pl strain and the dietary fat
sensitive Osborne-Mendel strain. Our model is based on the concept that
energy balance is a regulated system with afferent feedback signals about the
state of nutrient stores and a central integrating system for translating
messages into efferent signals which regulate food intake and energy
expenditure. The metabolism of fat through 3-hydroxybutyrate (3-0OHB) provides
an afferent signal which differs between S 5B/P1 and Osborne-Mendel rats.
That 3-0HB is involved in the regulation of energy balance is suggested by the
following: 1) Oxidation of 3-OHB in the liver reduces food intake; 2) S 5B/Pl
rats have a higher transport of 3-OHB into the brain and higher brain 3-OHB
levels than do Osborne-Mendel rats; 3) The chronic infusion of 3-OHB into the
brain reduces both food intake and body weight; and 4) Injection of 3-0OHB into
the hypothalamus increases the firing rate of the sympathetic nerves to brown
adipose tissue in a dose dependent manner. Thermogenesis in brown adipose
tissue, regulated by sympathetic nerves, is a major means of energy wastage
during overfeeding. A high fat diet eaten chronically depresses the firing
rate of sympathetic nerves to brown adipose tissue. Thus, dietary fat induced
obesity may be the result of defective nutrient stimulation of the sympathetic
nervous system 1In genetically susceptible strains.

Glucose Metabolism

Qo010 INSULIN RESISTANCE, Jose F. Caro, Madhur K. Sinha and G. Lynis Dohm, Departments of
Medicine and Biochemistry, East Carolina University School of Medicine, Greenville, NC
27858

Insulin resistance is a universal finding in obesity and NIDDM. Morbidly obese patients with and
without NIDDM entered into a gastric bypass program comprise an ideal human model to study in
vivo and in vitro the mechanism(s) of insulin resistance. To this end we have developed methods to
freshly isolate and culture insulin responsive human hepatocytes (JC/ 78:249, 1986), adipocytes (JC/
80:1073, 1987), and muscle fibers (JC/ 82:486, 1988) from intraoperative biopsies.

The in vivo data generated by the euglycemic insulin clamp indicate that morbidly obese patients
without NIDDM have a lesser degree of insulin resistance in liver and peripheral tissues than those
with NIDDM, which is consistent with the in vitro data from liver and adipose tissue. In contrast,
human muscle fibers from obese patients with and without NIDDM are equally resistant to insulin.
Insulin resistance in the skeletal muscle may serve as a mechanism to initiate and perpetuate
obesity by shuttling substrates to the adipose tissue. Since obese patients are euglycemic, it s likely
that the quantitative role of the adipose tissue to dispose glucose has been underestimated.

At the cellular level we have demonstrated that insulin receptor kinase activity is markedly
decreased in liver, adipose tissue, and muscie from NIDDM and in muscle from obese patients, and
may offer an explanation for the insulin resistance. The mechanism(s) of decreased insulin
receptor kinase activity remains to be elucidated; however, we have serendipitously found that
PiP2-specific phospholipase C (PLC) activity is increased in the liver from NIDDM patients. Increased
PiP2-PLC might result in increased diacylglycerol and activation of protein kinase C, which will
phosphorylate the insulin receptor at serine residue, resulting in inactivation of the insulin
receptor kinase. Thus, the increased PIP2-PLC might be involved in a ca-cade of events that result in
insulin resistance.
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Q011 CELL BIOIOGY OF INSULIN ACTION ON GLUCOSE TRANSFORT, Samiel W. Cushman and Ian A.
Simpson, Experimental Diabetes, Metabolism and Nutrition Section/MCNEB, NIDDK, NIH,
Bethesda, MD 20892
The acute regulation of glucoee transport in the rat adipose cell is mediated by various
distinct but interactive hormnal systems. Insulin, the principal stimulatory hormone,
can induce a 20-40-fold increase in the maximm rate (Vpay) Of glucose transport. The
primary mechanism by which insulin elicits this enhanced rate of glucose transport is by
mirgﬂeumslwatmofglmemmpm(qlwotemofmsldh)fma
la.n;a intracellular pool to the plasma membrane. This translocation is rapid, reversible,
and results in a 5-10-fold increase in the concentration of glucose
in the plasma membranes with a corresponding 50-60% decrease in the
intracellular pool. The lipolytic agents/hormones isoproterenol, glucagon, and ACTH
the major inhibitors of insulin-stimilated glucose transport activity. These
stimilate lipolysis through the activation of adenylate cyclase. Conversely, the
antilipolytic agents adencsine, prostaglandin E;, and nicotinic acid, inhibitors of
adenylate cyclase, enhance insulm—stm:lated glucose transport. In contrast to insulin,
these lipolytic and antilipolytic agents achieve their modulation of gluccee transport
activity by altering the imtrinsic activity of those glucose transporters residing in the
plasma menbrane, rather than modulating the tramslocation of glucose transporters.
Furthermore, despite their actions on adenylate cyclase, these agents appear to achieve
ﬂ:eirregulatozyactimbyadﬂ?—uﬂq)aﬂentmdnnim. Studies with cholera and
pertussis toxins, which selectively interact with the quanine mucleotide-binding proteins
Gg and Gj, respectively, suggest that the latter proteins may mediate the regulatory action
of these various agents. Afmﬁxerregulatm:yactlmofﬁmeagatszstoalberﬂn
insulin sensitivity, with the lipolytic agents decreasing the sensitivity 3-5-fold and the
antilipolytic agents enhancing the sensitivity 2-fold. Oxytocin and vasopressin represent
aﬂuxdmlgrwp,mnsestimlatoxyactlasmgl\msetramtameartobe
mediated by protein kinase C. These hormones stimulate glucose transport activity in the
absence of insulin and augment insulin-stimulated activity by a translocation mechanism
distinct from that achieved by insulin. Integration of these varicus hormonal responses to
regulate glucose transport in the adipose cell serves to fine tune the balance between
lipolysis and lipogenesis.

Q 012 REGULATION OF ADIPSIN GENE EXPRESSION IN DIFFERENTIATION AND OBESITY, Bruce M. Spiegelm‘*
Barry S. Rosen*+,  Kathleen S. Cook™, William O, Wilkison®+, John §. Volanakis**, Jeffrey S. Flier*, Deborah
Damm*+, Tyler White++, Ken Plaut and Susan R. Ross!, Dana-Farber Cancer Institute” and Harvard Medical School*,
University of Alabama at Birminslnm". Metabolic Biosystems™+ and University of Illinois Medical Schoolt.

‘We have shown that expression of the adipsin gene is markedly reduced in certain forms of genetic and acquired obesity in
rodents, Wehavenowsmdwdthemectumsmsmgulanngmcadnpmgenemculmredad:pocmmdmmammm In lean
(dbl+)mgemcmlcecanymgdleadlpsmgmepmmoter('950 *35)1mkedtonepmgwe(bncmal€AT).CAvanyu
expressed exclusively in adipose tissue. In genctically obese (db/db) littermates, CAT activity is strongly suppressed, indicating
umuwndxpsmpmmowmgmommnsmdunmtﬁmrespmdswﬂwhanmygonsobemyﬂhh ‘When a heterologous
enhancer from the AK leukemia virus is included in the adipsin construction, CAT expression in lean mouse tissues is broadened
o include salivary glapd,'spleen and thymus. However, in obese animals carrying this construction, CAT activity is suppressed
in all of these tissues, indicating that the trans-acting factors controlled by the obesity gene can operate in tissues other than fat.
Deleliogl analysis of ghe ndlpsm promoter in cultured cells suggests that the region between -114 to -38 is important for fat-specific
expression and protein binding assays suggest that novel single-stranded DNA binding factors may be involved. The enzymatic
activity of the adipsin protein and its relation to complement Factor D and the altemnative pathway of complement activation will
also be discussed.
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Nervous System and Obesity

Q013 MICRODIALYSIS MEASUREMENTS OF DOPAMINE RELEASE IN THE MESOLIMBIC
SYSTEM AS A FUNCTION OF INGESTIVE BEHAVIOR AND BODY WEIGHT,

B. G. Hoebel, L. Hernandez, G. P. Mark, G. A. Hunter and M. Pothos, Department of Psychology,
Princeton University, Princeton, NJ 08544-1010

An increase in hypothalamis self-stimulation is a common outcome of several procedures which cause
hyperphagia and obesity%3?, The role of dopamine in feeding and self-stimulation was tested by
measuring extracellular dopamine (DA) and its metabolites at 20 min intervals during ongoing behavior.
The use of microdialysis in the study of feeding reward is illustrated by the following riments in
which DA increased in the nucleus accumbens: 1) during free feeding at SO%’p body weight®, 2) during
bar-pressing for food or hypothalamic self-stimulation at a normal weight‘ , 3) during hypothalamic
stimulation with or without_food to eat?, 4) during water intake in response to deprivation or
intraventricular angiotensin®’, 5) during salt intake in response to sodium depletion’, and 6) during
systemic or local infusion of amphetamine, cocaine, nicotine and related stimulants®®. On the other
hand, mean basal extracellular DA decreased in rats reduced to 80% body weight. In these underweight
animals DA release in response to amphetamine was dampened. In sum, the results suggest that the
rewarding properties of food are somehow related to mesolimbic DA release, and that this DA system
is less active and less reactive in underweight animals.

Hoebel, B. G. (1984) In A. J. Stunkard & E. Stellar (Eds.), Eating and Its Disorders, Association for
Research in Nervous and Mental Disease, Raven Press: NY, pp. 15-38.
Hoebel, B. G. (1988) In R. C. Atkinson et al. (Eds.), Stevens’ Handbook of Experimental Psychology, 2nd
Edition, Vol. 1, Wiley: NY, pp. 547-625.

Hernandez, L. & Hoebel, B. G. (1978) In W. L. Veale & K. Lederis (Eds.), Current Studies of
Hypothalamic Function, Vol. 2, Metabolism and Behaviour, Karger: Basel, pp. 72-92.
“Hernandez, L. & Hoebel, B. G. (In press) Physiology & Behavior, 44.
SHunter, G. A, Hernandez, L. & Hoebel, B. G. (1988) Soc. Neurosci. Abstr., 14, 1100.
SBlander, D. S., Mark, G. P,, Hernandez, L. & Hoebel, B. G. (1988) Soc. Neurosci. Abstr., 14, 527.
"Chang, V. C., Mark, G. P., Hernandez, L. & Hoebel, B. G. (1988) Soc. Neurosci. Abstr., 14, 5217.
8Hemandez, L. & Hoebel, B. G. (1988) Life Sciences, 42, 1705-1712,

Mifsud, J.-C., Hernandez, L. & Hoebel, B. G. (In press) Brain Research.

Qo014 OBESITY AND THE SYMPATHETIC NERVOUS SYSTEM (SNS). Lewis Landsberg, Department of
Medicine, Beth Israel Hospital, Harvard Medical School, Boston, MA 02215. The
SNS is now recognized to be the major regulator of dietary thermogenesis., Broadly defined,
the latter encompasses the regulatory component of heat produced in response to meal
ingestion (distinct from the obligatory component or specific dynamic action) as well as
alterations in resting metabolic rate that reflect the impact of antecedent diet, The SNS
thus is the effector limb of a system that relates energy intake to metabolic heat
production. Brown adipose tissue (BAT), regulated by the SNS is the major heat producing
organ in laboratory rodents and of possible, but unproved, importance in man. The role of
the SKS was elucidated in part by the effect of dietary intake on SNS activity: Crfasting
suppresses while overfeeding stimulates the SNS in animals and humans. The stimulatory
effect of overfeeding depends upon carbohydrate and fat since the latter two nutrients
stimulate the SNS even when caloric intake 1s not increased. Evidence from a variety of
sources indicates that insulin-mediated glucose metabolism within neurons of the
ventromedial hypothalamus is intimately involved in the coupling of dietary intake and SNS
activity. Decreases in insul in-mediated glucose metabolism in these cells, induced by
fasting, suppresses sympathetic outflow while increased insulin-mediated glucose metabol ism
in association with carbohydrate feeding, or peripheral insulin resistance, increases SHS
activity. This link between dietary intake and sympathetically mediated thermogenesais,
therefore, provides a potential buffer against the development of obesity and raises the
possibility that genetic or acquired deficiencies in the capacity for
sympathetically-mediated thermogenesis may be involved in the pathogenesis of obesity. 1In
genetically obese rodents such as the ob/ob mouse deficient sympathetic activation of BAT
appears to play a role in the efficient metabolic state characteristic of these animals
despite the fact that dietary changes in SNS activity are preserved. In the gold
thioglucose-treated mouse, in contrast, sympathetic activity is increased and dietary
changes in sympathetic outflow obliterated. Chronically overfed rodents, obese or not, have
increased SNS activity. In human obesity the functional state of the SNS has not been
defined since methods for assessing SNS activity in humans are insensitive and regional
differences in sympathetic outflow difficult to detect. Human obesity, furthermore, is a
heterogeneous disorder, with variable underlying pathophysiology in different subtypes.
Preliminary evidence suggests that in hypertensive obese with upper body obesity increased
SNS activity may be present as a compensatory mechanism. Deapite the difficulties 1nvol:ed,
continued study of sympathetically mediated thermogenesis in the obese is important since
therapeutic strategies may evolve from knowledge of the underlying pathophysiology.
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Q015 CHEMICAL AND NEURONAL FACTORS AFFECTING FEEDING BEHAVIOR,
Yutaka Oomura, Department of Central Nervous Function Control System, Toyama
Medical and Pharmaceutical University, Toyama Japan

Certain neurons are described as glucoreceptor neurons [GRN] if their activity increases dose
dependently upon direct exposure to glucose. Other neurons are described as glucosesensitive
[GSN] if their spontaneous activity is diminished by direct exposure to glucose. GSNs can now
be found in many discrete, identifiable neuronal centers although they are apparently most
dense in the lateral hypothalamic area [LHA], GRNs in a similar way are probably most dense
in the ventromedial nucleus of the hypothalamus [VMH]. These neurons are, in fact, not
specific to glucose but respond to most of the metabolites and hormones that have been found to
either control feeding behavior or change in level with result of feeding. Recently, a group of
sugar acids have been found in the blood of rats and monkeys, sugar acids 2[s], 4[s], 5-
trihydroxypentanoic acid 7-lactone induces feeding, and 3[s], 4-dihydroxybutanoic acid 7-
lactone and 2-buten-4-olide suppress feeding. The action of all three of these substances is
mediated by GSNs and GRNs in the hypothalamus and medulla. A phasic increase in activity
of acidic fibroblast growth factor (aFGF) was detected in the cerebrospinal fluid of rats and
monkeys after feeding or after an intraperitoneal injection of glucose. Intracerebroventricular
microinfusion of aFGF suppressed food intake in rats. Central infusion of inactivated aFGF, or
peripheral administration of aFGF, were without effect. Electrophoretically applied aFGF
specifically suppressed the activity of GSNs. This inhibition was due to the activation of
protein kinase C in the GSNs. GRNs were unaffected by aFGF. Immunohistochemical study
by aFGF antibody revealed that neurons contained aFGF after feeding in the LHA, zona
inserta, amygdala, hippocampus, globus pallidus etc but not in the VMH. In situ hybridization
study indicated that aFGF produced in the ependimal cells in the cerebroventricular wall and
the neurons in the above nuclei took in aFGF which was released from the epenimal cells. The
results suggest that, the endogenous chemical factors participates in the central regulation of
feeding.

Qo016 AFFERENT SIGNALS FOR EATING AND METABOLISM, Gerard P. Smith, Bourne Laboratory,

New York-Hospital Cornell Medical Center, White Plains, NY 10605
Afferent signals for the control of food intake and metabolism are initiated at the mucosal
surface of the gut from the tip of the tongue to the end of the small intestine and from the
liver. The afferent signals from the mouth travel to the central nervous system through
chemogsensory and somatosensory fibers of the fifth, seventh, ninth and tenth cranial nerves.
The afferent signals from the abdomen travel through visceral afferent fibers of the vagus
and of the dorsal roots of the thoracic and lumbar segments of the spinal cord. Afferent
signals from ingested food acting in the mouth provide primarily positive feedback signals
for eating; those from the stomach, small intestine and liver provide primarily negative
feedback signals for eating. Central processing of these afferent signals begins in the
hindbrain and continues in widespread and ill-defined networks of the forebrain. Although
there is some knowledge concerning the adequate chemical and mechanical stimuli for these
afferent neurons, their receptors, mechanisms for activation and central transmitters are
poorly understood. This ignorance is the major obstacle to a molecular analysis of their
information transmitting function in the control systems for the intake, digestion, and
metabolism of food.
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Fatty Acid Metabolism
Qo017 RECENT DEVELOPMENT IN HUMAN FAT CELL ADRENERGIC RECEPTORS
CHARACTERIZATION AND FUNCTION. Max Lafontan, Jean Galitzky, Pascale Mauridge,
Jean Sébastien Saulnier-Blache, Michel Berlan. |.N.S.E.R.M. - Unité 317, Institut de Physiologie
Université Paul Sabatier, Rue Francois Magendie - 31400 Toulouse, France.
Three adrenoceptors are involved in the control of lipolysis (81, 2 and a2-A). For a2-
adrenoceptors, two major iabeled antagonists are usable for identification of total number of a2A-
sites : [3H}-yohimbine and [3H]-RX821002. The full agonist [3H]}-UK-14,304 revealed the high
affinity forms of the a2-adrenoceptor; the “tight agonist binding™ observed with the full agonist is not
seen with the partial agonist clonidine. In addition to the p 1-adrenoceptor, functional assays with
procaterol and zinterol (B2-agonists) clearly revealed the existence of f2-adrenoceptors in human

fat cells. The evaluation of f 1 and f2 adrenoceptors density based on the inhibition of binding of a
non-selective antagonist radioligand by increasing concentrations of an unlabeled, subtype-
selective competing ligand causes distorsion of the estimated binding parameters (inhibitory
constants of the competitor and proportion of B-subtypes) since all the p-adrenergic antagonist
radioligands used are slightly (2.5-8-fold) subtype selective: (125/)-iodocyancpindolol, [3H]-
dihydroalprenolol are p2-selective while [BH}-CGP12177 is p1-selective. A truly non-selective -
antagonist radioligand is still required. Recent studies involving animal models (hamster, dog,
rabbit) indicate that diversity of expression and differential regulation exists among p1, 2 and a2-A
fat cell adrenoceptors. The adrenergic receptor subtypes are encoded by genes which present an
homology with a large family of guanine nucleotide-binding protein (G-protein)-coupled receptors.
Human B1, p2 and a2-A adrenoceptors have been recently cloned. Preadipocytes from human and
hamster adipose tissue undergo a lesser degree of differentiation of adenylyl cyclase system than
expected by their lipid accumulation ability (absence of a2-adrenoceptors and reduced Gi-
mediated inhibition of the enzyme). The ability of differentiated preadipocytes to fully express all the
characteristics of the adipocyte in culture is an issue which may ultimately be reached for
elucidation of adrenoceptor subtype genetics and regulation. Suitable cell culture systems
(adipocyte precursors and/or preadipose cell lines) should provide a perequisite system to
investigate how key hormones may regulate adrenoceptor genes expression in fat cells.

Energy Regulation and Thermogenesis

Qo018 THE ROLE OF S14 AND LIPOGENESIS IN THE THERMOGENIC EFFECTS OF THYROID
HORMONE, Hedley C. Freake and Jack H. Oppenheimer, Division of Endocrinology and
Metabolism, Department of Medicine, University of Minnesota, Minneapolis, MN 55455,
Thyroid hormone is well known to regulate metabolic rate, but the underlying mechanisms are obscure. Though
numerous energy-utilizing pathways are thyroid hormone-regulated, it is unclear which are primary targets for
the hormone and to what extent they quantitatively contribute to the thermogenic process. In rat liver, the
mRNA encoding S14 is an extremely early responder to triiodothyronine (T3) administration, suggesting a
direct effect of the hormone. The nucleotide and amino acid sequences of S14 bear no homologies to known
structures, but accumulating evidence suggests a role for the protein in some aspect of fatty acid synthesis.
mRNA S14 is abundantly expressed only in lipogenic tissues, namely liver, white and brown adipose tissue
(BAT) and lactating mammary gland. In liver and epididymal fat, its responses to T3, carbohydrate feeding and
other physiological interventions parallel those of known lipogenic enzymes. In contrast to liver, thyroid
hormone withdrawal stimulates mRNA S14 in BAT, and a similar increase in lipogenesis also occurs.
Physiological activation of BAT by cold exposure or overfeeding also stimulate both parameters. In liver, T3
treatment of hypothyroid animals resulted in a 10-15 fold stimulation of both mRNA S14 and fatty acid
synthesis, measured by tritiated water incorporation. The rise in S14 preceded that in lipogenesis, raising the
possibility of a regulatory role for S14. Fatty acid synthesis rose following a 12-16 hour lag time and reached a
maximum after 3-5 days. This time course is consistent with the slow response of oxygen consumption to T3
administration. The energy costs of fatty acid synthesis are substantial (57 moles ATP/mole palmitate) and thus
this process appears to be a likely contributor to thyroid thermogenesis. Hepatic lipogenesis was quantitated
every 4 h for 24 h and the integrated rates were 0.063, 0.213 and 0.531 pumoles palmitate/min in hypo-, eu- and
hyperthyroid rats respectively. The T3-dependent increment in hepatic lipogenesis accounts for 6-9%, of
thyroid-dependent whole body oxygen consumption, depending on which published values for this parameter
are used. Total body fatty acid synthesis was also measured and amounted to 0.72, 1.13, and 1.98 umoles
palmitate/min in hypo-, eu-, and hyperthyroid rats. Thus when all tissues are considered, T3-stimulated fatty
acid synthesis utilizes 16-25% of the additional ATP generated in the hyperthyroid state. The precise role of
Shl4 in lipogenesis remains to be determined, but it is clear that lipogenesis is a major contributor to T3-regulated
thermogenesis.
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Q019 THE UNCOUPLING PROTEIN OF BROWN ADIPOSE TISSUE : PHYSIOLOGICAL AND MOLECULAR

ASPECTS, Daniel Ricquier, Frédéric Bouillaud, Louis Casteilla, Anne-Marie Cassard,

Serge Raimbault, Odette Champigny, Eliane Hentz and Susanne Klaus, Centre de
Recherche sur la Nutrition, Centre National de la Recherche Scientifique, F-92190 Meudon.
Thermogenesis in brown adipose tissue results from uncoupled respiration related to a high
proton conductance of the inner mitochondrial membrane. This unique proton translocation is
due to a characteristic membraneous component, the Uncoupling Protein or UCP, of which the
activity is triggered by free fatty acids and inhibited by purine nucleotides. Following
acute interaction of norepinephrine with B-adrenoceptors of brown adipocytes, the metabolic
cascade results in UCP activation and heat production. In other respects, chronic stimu-
lation of brown adipocytes by norepinephrine induces cell hyperplasia, mitochondriogenesis
and synthesis of various components including UCP. This trophic response is also controlled
by T3. We have developed molecular studies on UCP to investigate both the activity of UCP
itself and the regulation of UCP gene expression. cDNAs for rat and bovine UCP were
isolated. Sequencing of rat UCP cDNA confirmed previous cell-free synthesis experiments
showing that synthesized UCP has no N-terminal targeting extension. UCP is made of six
hydrophobic segments interpersed with hydrophilic loops. UCP is partially homologous to
other ubiquitous mitochondrial carriers such as the ADP/ATP and the phosphate carriers.
Diagon analysis identified a domain related to an ADP binding site of the ADP/ATP carrier.
Surprisingly, this domain is also homologous to DNA binding domain of hormone receptors. In
order to understand the structure of UCP and residues or domains involved in proton
translocation or regulation by nucleotides, experiments of expression of UCP in E. coli,
yeasts and Xenopus oocytes have been undertaken. Rat and human UCP genes have been
isolated. The complete exonic/intronic sequence of rat UCP gene has been determined as well
as the organization of human gene. A long 4.5 kb fragment of the 5' upstream region
flanking the start site of transcription has been sequenced and shown to contain Nuclease
sensitive sites as well as possible regulatory elements. Analysis of promotor and muclear
factors is under progress. Moreover the human gene of UCP has been localized in chromosome
4 in q3l. Northern blot experiments indicated that UCP mRNA could be strongly induced by
cold exposure, B-agontist drug dosing or refeeding after starvation. Run on transcription
experiments were used to demonstrate a transcriptional control of UCP gene. Basal
initiation rate of UCP gene transcription is lowered in Fa/Fa obese rats. Genomic probes
were used to detect UCP mRNA in human samples. Northern blot experiments in developing
calves rafsed the question of a possible transformation of brown adipose tissue into white
adipose tissue.

Q020 ROLE OF LOCAL T4 5'-DEIODINASE ON THE RESPONSE OF BROWN ADIPOSE TISSUE TO ADRENER-

GIC STIMULATION, J. Borique Silva and Antonio C. Bianco, Thyroid Unit, Beth Israel
Hospital, Harvard Medical School, Bostom, MA 02215. Two types of T4 5’ deiodinating
activities, I and IT, that differ in enzyme kinetics, inhibitor sensitivities, tissue
distribution and physiological responses have been described. The Type II (5'D-II) has
been found in the anterior pituitary, brain and brown adipose tissue (BAT), but only in
the latter is stimulated by the sympathetic nervous system via a)-receptors. This
suggested an important role for T3, and hence for 5°'D-II, in the function of BAT. The
following results obtained by us are consistent with this view. BAT has a high
concentration of nuclear T3 receptors (NTR). NTR are about 75% saturated in rats
maintained at room temperature (23 C) and over 50% of this T3 is produced by 5’D-II. The
uncoupling protein (UCP) concentration and its response to adrenergic stimulation are
severely reduced in hypothyroid rats. These rats become hypothermic when exposed to 4 C
for 48 hours. Replacement of T3 for a week restored the plasma T3 levels and liver a-
glycerophosphate dehydrogenase (GPD) but it neither normaliged the UCP response to cold
nor did it prevent the cold-induced hypothermia. In contrast, replacement of T4 for just
two days normalized the UCP response and prevented the hypothermia, but did not normalize
either plasma T3 or liver GPD. The response to T4 was blocked by iopanoic acid, an
inhibitor of 5’D-II. Experiments where increasing doses of T3 were given revealed that the
normalization of UCP required near saturation of NTR. Since the mere replacement of T4
achieved the same effect as a receptor saturating dose of T3, we hypothesized that the
adrenergic stimulation of 5’D-II resulted in NTR saturation in the T4-treated hypothyroid
rats and, by extension, in euthyroid rats. Kinetic studies in euthyroid rats showed that
cold exposure for as long as 3 weeks did not change the number of NTR and that indeed as
soon as 4-6 hours after placing the animals at 4C, NTR were >95% occupied. The extra T3
was all locally generated. Actually, the contribution of plasma T3 to NTR occupancy was
reduced, a logical consequence of the expansion of the intracellular pool of T3. The
contribution of BAT 5°D-II to NIR was not only prevented but reduced by pretreatment with
prazosin below basal levels suggesting that the saturation was the result of the
adrenergic activation of 5'D-II and, further, that even at room temperature the adrenergic
tone contributes via 5’D-II to NTR occupancy. These results, along with others that show
that norepinephrine-induced stimulation of UCP gene transcription is amplified by T3 and
that the response of several enzymes to adrenergic stimulation also requires the 5’D-II-
generated T3 for a full response underscore the physiological role of T3 and 5’D-II for
the function of BAT and hence for temperature regulation and enmergy balance.
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Qo021 INSULIN REGULATION OF GAPDH GENE EXPRESSION IN LIPOGENIC TISSUES

N. Nasrin, M. Denaro, |. Kang, L. Ercolani, M. C. Alexander-Bridges, Howard Hughes
Medical Institute, Wellman 3, Massachusetts General Hospital, Boston, MA 02114
Glyceraldehyde-3-phosphate dehydrogenase [GAPDH] gene expression is enhanced 10-fold by
insulin in fat and liver tissue isolated from rats fasted and refed a high-carbohydrate, low-fat diet. This
nutritional manipuiation is known to induce enzymes involved in lipogenic pathways. Conversely,
GAPDH gene expression is reduced in the adipose tissue of diabetic rats and is induced 4-fold above
control levels when insufin is replaced.

We have used two cultured cell lines, the 3T3 adipocyte and the H35 hepatoma cell line to
study the specific effect of insulin on expression of this gene. We have previously reponted that a
construct containing the 5'-flanking region of the human GAPDH gene fused to the chloramphenicol
acetyl transferase gene [CAT] is regulated 4- to 8-fold in H35 hepatoma cell lines and 3-fold in 3T3
adipacyte cell lines.! Two independent cis-acting elements in the 5'-flanking region of the GAPDH
gene confer insulin inducibility on the GAPDH promoter as well as the RSV promoter. Using the gei-
mobility shift assay, two distinct insulin-sensitive DNA-binding proteins have been identified. Of
interest, both DNA-binding proteins are detected predominantly in lipogenic tissues. This finding
correlates with the fact that insulin does not regulate GAPDH in 3T3 preadipocytes.

Using the methylation interference assay we have identified the contact points for the
interaction of protein with one of the binding domains. This sequence is present in a number of
insulin-sensitive genes. We are in the process of defining the minimal element sufficient to confer
insulin inducibility to a heterologous promoter. This sequence may represent a “"consensus
sequence” for insulin action on gene expression.

1. Alexander, et al., (1988) Proc. Natl. Acad. Sci., Vol. 85, pp. 5092-5096.

Molecular Regulation of Adipose Cells

Q022 GLYCEROL-3-PHOSPHATE DEHYDROGENASE: HORMONAL AND DEVELOP-
MENTAL MARKER OF THERMOGENESIS AND LIPOGENESIS, Leslie Kozak,
Ulrike Kozak, Joseph Jerry, and James Wells, The Jackson Laboratory, Bar
Harbor, Maine 04609.
There is a strong correlation between active utilization of the glycerol
phosphate pathway for lipid synthesis and high levels of glycerol-3-
phosphate dehydrogenase. This correlation is observed during development
of the epididymal fat pad, during glial cell development and during cold-
induced thermogenesis. Since several hormones, including growth hor-
mone, insulin, thyroid hormone, catecholamines and glucocorticoids, have
been implicated in controlling the levels of glycerol-3-phosphate dehy-
drogenase (GPDH), it is likely that the promoter and regulatory regions
which control expression of the GPDH gene are complex. The transcript-
ional region itself is complex. In addition to the Gd¢-1 gene two other
transcriptional units have been localized in this region.. The D15Kz1 gene,
located 3.5 kb upstream of Gdg-1, produces two transcripts of 3.5 and 3.7
kb which are differentially expressed among various tissues. The D16Kz2
gene, located about 1.5 kb downstream of Gdg¢-1, has a major transcript of
0.75 kb which is also differentially expressed among tissues. Some
important features in the expression of the three genes are apparent.
First, the fact that they are ubiquitously expressed has lead us to suggest
that this may be a chromosomal domain for housekeeping genes. Second,
the pattern of expression among tissues suggests that a mechanism exists
to achieve independent regulation of each transcriptional unit. Third,
coordinate regulation may also be possible since the expression of all
three transcripts is modulated in brown fat by cold induction.
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Clinical Obesity

Q100 ADIPOSE TISSUE PROTEIN VARIANTS, BODY FAT AND ADAPTATION TO OVERFEEDING. Monique
Chagnon and Claude Bouchard. Physical Activity Sciences Laboratory, Laval
University, Ste- Foy, Québec, Canada G1K 7P4.

In the course of a study on the effects of long-term overfeeding on body fat deposition,
genetic polymorphism of adipose tissue proteins was investigated. The adipose tissue was
obtained by needle biopsies from twelve pairs of males monozygotic [MZ] twins overfed a
total of 353 MJ over 100 days. Adipose tissue was also obtained from fourteen obese women
[BMI>30] and fourteen non-obese female controls [BMI<26]. Tissues from the abdominal or
the femoral sites were used. The proteins were extracted in a denaturing buffer and
analysed by the two-stage electrophoresis method of O’Farrell followed by silver-staining.
Ten polymorphic loci were detected among all those that were vizualized. Two of these
variant proteins, whose inheritance was confirmed by gene-dosage effect and segregation in
two families, showed a relationship with changes in body wass , fat mass , and the sum of
11 skinfolds in the MZ experiment. In the four pairs with the highest fat gains, the
genetic charge variant 10D2 was present while those who gained less fat tended to have the
8D2 genetic charge variant. No high-gainers had the 8D2 variant. Such a trend was not found
in the comparaison between obese and non-obese women. The frequency of the 10D2 high-
gainer marker 10D2 was the same in both groups. From these observations, we suggest that
the 10D2 and 8D2 variant proteins might be useful markers of the sensitivity to long-term
overfeeding. However, they do not discriminate between obese and lean individuals measured
only on one occasion.

Supported by NIH.

Q101 CHARACTERIZATION OF BROWN FAT CELL LINES DERIVED FROM a-AMYLASE-SV40
T ANTIGEN TRANSGENIC MICE HIB