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ABSTRACT

Paracrine interactions between constituent cells of adipose tissue (preadipocytes.
adipocytes and endothelial cells) may play an important role in regulating the process of
adipose tissue development. The present study investigated the paracrine/autocrine role of
prostaglandins in the development of the adipocyte phenotype. To determine the paracrine
role of adipocyte-derived prostaglandins on differentiation of preadipocvtes. test
preadipocytes were cultured with medium conditioned by isolated mature adipocytes
(ACM). ACM has been shown by our laboratory to contain factors released by mature
adipocytes which induce differentiation. Addition of indomethacin. an inhibitor of
prostaglandin synthesis. to the culture of adipocytes (ACM+I) significantly augmented
differentiation induced by ACM. (p < 0.05). In contrast. addition of indomethacin to
preadipocytes (ACM-+Ia) resulted in significant inhibition of differentiation (p < 0.05)
induced by ACM and standard differentiation mixture (MIX). These findings suggested
that adipocytes secrete prostaglandins that may act as negative paracrine regulators of
preadipocyte differentiation. whereas. preadipocyvtes may secrete prostaglandins that
stimulate their differentiation in an autocrine manner. Cultured adipocytes and
preadipocytes released PGI> and PGE»> into medium. However. the amount of PGI> and
PGE; released by preadipocytes was 1.4- and 11-fold greater than those released by
adipocytes. When the effect of exogenous prostaglandins on preadipocyte differentiation
was examined. PGI> and PGE; stimulated preadipocyte differentiation. but the effective
conceniration (> 10-7 M) was much higher than the concentration found to be released in
the culture medium of adipocytes. PGFaq. in contrast. inhibited differentiation
significantly (p < 0.05) at a lower concentration (10-3 M). These findings suggested that

adipocytes may release PGE-> and PGI; in amounts that are insufficient to stimulate



preadipocyte differentiation. Hence the differentiating promoting activity of ACM cannot
be due to the presence of PGI> or PGE>. A significant increase in differerentiation
observed in the presence of indomethacin may be due to the presence of inhibitory
prostaglandins such as PGFsq in adipocytes. A considerably larger secretion of PGE» and
PGI> by preadipocytes may be sufficient to stimulate their differentiation in a

paracrine/autocrine manner.

The study also points to a potential role for the products of lipoxyvgenase pathway
such as HETEs and leukotrienes in adipose-cell regulation. Nordihydroguaiaretic acid
(NDGA). an inhibitor of lipoxygenase. inhibited preadipocyte differentiation induced by
MIX. The addition of indomethacin (100 uM) significantly augmented MIX-induced
differentiation which was also reduced significantly by NDGA (p < 0.05). The addition of
NDGA to ACM. however. stimulated differentiation induced by ACM. NDGA also failed
to inhibit the increased differentiation induced by ACM in the presence of indomethacin.
These results suggest that differentiation induced by MIX may involve stimulatory HETEs
or leukotrienes. whereas that induced by ACM may involve inhibitory lipoxygenase

products.
In summary. the present data suggest that arachidonic acid metabolites produced by

cyclooxygenase and lipoxygenase pathways may play key roles in regulating adipose tissue

mass via paracrine/autocrine mechanism(s).
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1. INTRODUCTION

The critical association of obesity with such metabolic complications as high
blood pressure. cardiovascular diseases. and non-insulin dependent diabetes mellitus
(NIDDM) (Krotkiewski ez al, 1983: Kissebah er al. 1987) makes it important to study the
mechanism(s) that control the process of adipose tissue growth and development. The
last several years have produced some breakthroughs in obesity-related areas of
investigation. such as identification of genetic loci at which mutations cause obesity in
rodents (Zang et al. 1994) and the identification of transcription factors leading to the
development of the adipocyte phenotype (Cao et al. 1991: Kaestrer er al. 1990: Freytag
and Geddes. 1992: Tontonoz et al, 1994). However. the mechanism(s) regulating the
process of adipogenesis despite extensive research. remains unclear. The treatment of
this disorder. which is generally aimed at correcting positive energy balance by caloric
restriction and exercise. will remain empirical until we have a better understanding of the

normal and pathophysiologic states of adipose tissue development and growth.

New fat cells are formed as a result of replication and differentiation of their
precursor cells. A number of yet unidentified factors are known to influence adipose
differentiation. Elucidation of these factors may provide new insight into the
pathogenesis and ultimately the treatment of obesity. The present study is aimed at
studying paracrine factors specifically prostaglandins that might contribute to the
regulation of adipose tissue development. The following literature review will provide an
up-to-date perspective on advances in adipocyte development. A review on the role of

prostaglandins as effectors of adipocyte development is also presented.



1. 1. Prevalence and Definition of Obesity

Obesity. the phenotypic expression of excessive body fat, results from an
imbalance between energy intake and energy expenditure. The condition has reached an
epidemic proportion in North America affecting more than 30% of the population
(Olefsky. 1995). Many factors influence the development and maintenance of obesity
such as diet. physical activity. age. sex. education and genetic susceptibility (McGinnis
and Ballard-Barbash. 1991). Whatever may be the cause. obesity is expressed by an
increase in adipose tissue mass. The prevalence of overweight or obesity depends upon
the criteria used. One of the measures commonly used in obesity clinics and medical
practice is weight and height (Bray and Gray. 1988). Although this measure can give
reasonable estimates of relative body fatness in most cases. it can not separate lean from
obese (Gray. 1989). The body mass index (BMI). defined as weight in kilograms/
height? in meters. appears to be a better index of fatness as shown in epidemiological
studies (Bray and Gray. 1988). It is independent of body frame and thus. identical
reference values can be used for all adults. men and women. Overweight or mild obesity
is defined as a body weight exceeding 120% of reference values or a BMI greater than 27
kg/ m2. Moderate obesity is defined as a BMI greater than 30 kg/ m2. and morbid obesity
is defined as a BMI greater than 37 kg/ m? or exceeding 170% of the reference values

(Gray. 1989).

Recently. body fat distribution has been suggested as a better predictor of
cardiovascular risk. lipid disorders. hypertension and type 2 diabetes than the degree of
obesity. A high ratio of visceral (intra-abdominal) to subcutaneous fat. or upper body
obesity as assessed by waist to hip circumference ratio. has been positively correlated

with insulin resistance and NIDDM (Kissebah er al. 1987: Ferland et al. 1991).

(18]



1. 2. Adipose Tissue Cell Biology:

Adipose tissue occurs as discrete depots and within other tissues such as muscles.
The functional unit of adipose tissue consists of an adipocyte and a precursor cell
(preadipocyte) in contact with at least one capillary (Markman, 1989). Mature adipocytes

are usually large. > 100um in diameter. and are about 95% triacylglycerol by weight.

Two types of adipose tissues have been identified: white adipose tissue (WAT)
and brown adipose tissue (BAT). White adipose tissue is composed of cells with a single
large central lipid droplet surrounded by a very thin rim of cytoplasm and accounts for
the bulk of body fat. whereas BAT is made up of cells containing multilocular
cytoplasmic lipid droplets and abundant mitochondria (Markman. 1989: Nechad. 1986).
The brown pigment of BAT is attributable to the high content of cytochrome in the
mitochondria. WAT and BAT play different roles in energy metabolism. While the main
function of WAT is to store energy in the form of triacyviglycerols (TG) in periods of
nutritional abundance and release unesterified fatty acids when they are needed. BAT
functions to utilize TG to produce heat (Trayhurn. 1990). Heat production by these cells
is dependent upon mitochondrial uncoupling protein (UCP). This UCP. the so-called
thermogenin dissociates substrate oxidation from the production of adenosine
triphosphate resulting in heat production. This thermoregulatory function is important in
small mammals. neonates and in hybernation. In human adults. BAT is present only in

small amounts.

(V3]



1. 3. Adipocytes as Secretory/ Endocrine Cells

Traditionally. the adipocyte has been viewed as a passive organ for the storage
and release of excessive energy. Recent knowledge of adipose cell biology, however.
suggests the adipocyte as an endocrine/secretory cell with an ability to communicate with
other cells through the production of a number of secreted molecules. Some of these
secreted molecules have been found to be implicated in the regulation of its tissue mass
and lipid metabolism (Flier. 1995). For example. adipocytes synthesize and secrete
lipoprotein lipase and as shown more recently. cholesterol ester transfer protein. both of
which are major regulators of TG and high density lipoprotein (HDL) metacciism
(Quinet er al. 1993). Acylation stimulating protein. a component of the alternative
complement pathway secreted by adipocytes has been suggested to play a role in
lipoprotein metabolism (Baldo er al. 1993). Adipocytes also secrete angiotensinogen and
monobutyrin. vasodilators thought to play a role in regulating blood flow in the
microvasculature (McGehee er al. 1993: Wilkison et al. 1991). More recently. leptin. the
product of the obese gene secreted and released by adipocytes. has been shown to
influence food intake and energy balance (Campfield er al. 1995: Halaas er al. 1995:
Pelleymounter er al. 1995). Tumor necrosis factor « (TNF a) is another molecule found
to be secreted by adipose tissue (Hotamisligil er al, 1993) and to have significant effects
on lipid metabolism such as lipolysis and inhibition of adipose differentiation (Beutler

and Cerami. 1987).

Our own laboratory has adduced evidence for the release of vet unidentified
factor(s) by adipocytes that induce preadipocyte differentiation (Shillabeer er al. 1989).
Taken together. the adipose cell is capable of secreting a large number of molecules that

could act via a paracrine/autocrine mode of communication to influence adipose tissue



growth and development. Elucidation of these components/factor(s) may help us

understand the mechanismg(s) that control adipose tissue development.

1. 4. Control of Adipose Tissue Growth and Development

As mentioned earlier. adipose tissue is composed mainly of mature adipocytes.
preadipocytes and microvascular endothelial cells. Preadipocytes are fibroblast-like
precursor fat cells which are capable of undergoing replication. When induced to
differentiate. these precursor cells accumulate lipid and convert into mature adipocytes
(Roncari. 1984). Adipose tissue mass is a result of an increase in number (hyperplastic
growth) or size (hypertrophic growth) of mature adipocytes or both (Rosche. 1981).
Previously. it was believed that there was a fixed number of mature fat cells during adult
life (Hirsch & Knittle, 1970: Faust er al. 1978). Hence. weight gain in adults could occur
only by hypertrophic deposition. We now know that adipocyte precursors are present
throughout life and change in number and size of adipocytes can occur any time during
life. A dynamic equilibrium between slow preadipocyte replication and differentiation
leads to a stable body fat content in normal adults. An increase in the rate of

preadipocyte replication and differentiation could lead to the development of obesity.

1. 5. Cell-culture Models for the study of Adipocyte Development

1. 5. 1. Propagating Preadipocyte Cell Cultures

The study of adipocyte development in vitro has been facilitated to a great extent

by the availability of propagating cell cultures. Cultured preadipocytes when

appropriately stimulated differentiate into cells possessing the biochemical and



morphological phenotypes of adipocytes. indicating they can be considered as true fat cell
precursors in vitro (Van & Roncari, 1982). These cell lines can be derived from
multipotent stem cell lines or preadipocyte cell lines. Cell-lines exhibiting stem cell
characteristics include 10T1/2. CHEF/18. Balb/c 3T3 and 1246. Following treatment
with 5-azacytidine. an inhibitor of DNA methylation (Taylor and Jones. 1979). these cells
can generate several cell types. each of which can terminally differentiate into a specific
lineage such as. adipocytes. myocytes. or chondrocyte lineage (Konieczny and Emerson.
1984). The 3T3-L1 and 3T3-F442A cell lines were derived from disaggregated mouse
embryo cells and were selected for their propensity to accumulate triacylgycerol lipid
droplets (Green and Kehinde. 1974: Green & Kehinde. 1975: Green & Kehinde. 1976).
Preadipocyte cell lines represent a late stage of adipose development in which cells have
already undergone commitment to the adipocyte lineage and can further differentiate only
into adipocytes. The most extensively characterized preadipocyte cell lines are the 1246
and Ob 1771 lines. Ob 17 cells were derived from the stroma of epididymal fat pads
from adult Ob/Ob genetically obese mouse (Negrel er al.. 1978) and several sublines such
as Ob 1771 lines were selected. Preadipocyte cell lines such as TA1 and 30AS are also
determined preadipocytes derived from 10T1/2 multipotent stem cells following

treatment with 5-azacytadine.



1. 5. 2. Primary Preadipose Cells

Primary cultures of stromal-vascular cells from adipose tissue have also been used
extensively (Deslex et al., 1986: Hauner et al. 1988 Shillabeer e al.. 1989). to delineate
the physiological effectors of adipose differentiation in vitro. Although clonal
preadipocytes exhibit many similar characteristics and have been very useful for the study
of adipocyte development. they suffer a disadvantage because they are aneuploid and
therefore. possess characteristics that differ from those of tissue preadipocytes.
Monolayer confluence. which is considered to be a prerequisite for differentiation in 3T3-
L1 cells (Green and Meuth. 1974: Green and Kehinde. 1975 Eckel et al. 1977) was not
required by rat preadipocytes in primary culture (Shillabeer er al. 1989). Some of the
reports also suggest that the response of clonal preadipocyvtes to agents that induce/
repress differentiation also differ significantly from cultured rat and human
preadipocytes. For example. cat serum did not induce differentiation in 3T3-L1 cells but
it induced significant adipose conversion in rat preadipocytes in primary culture (Djian er
al. 1985). Epidermal growth factor that has been reported to inhibit adipose conversion
in rat preadipocytes in culture by many investigators. including our laboratory. stimulated
differentiation of 3T3-L1 cells (Li er al. 1993). Hence. data drawn on studies using
aneuploid cells should be interpreted with caution and. whenever possible. verified by

using diploid preadipose cells in primary culture (Cornelius ez al. 1994).

~]



1. 6. Adipose Cell Differentiation

1. 6. 1. Sequence of Events

Differentiation of preadipocytes is a complex process. It takes place in an orderly
sequence. Preadipocytes replicate until cell-cell contact at confluence density inhibits
mitosis (Bernlohr er al. 1985). The cell-cell contact at confluent density is thought to be
a prerequisite for adipocyte differentiation in 3T3-L1 cells (Green and Meuth. 1974:
Green and Kehinde. 1975: Eckel er al. 1977). however. adipose conversion has been
shown to occur in low density primary cultures containing high concentrations of human
plasma (Krawisz and scott. 1982: Shillabeer et al. 1989). Preadipocytes enter a unique
growth-arrested stage at the Gn/G; cell cycle boundary which is permissive for
subsequent differentiation. This stage was referred to as Gp by Scott and colleagues
(Scott er al. 1982). At this stage. preadipocytes begin to express the early markers of
adipocyte differentiation including lipoprotein lipase. After having ceased to divide at
confluence. preadipocytes can be induced to differentiate with appropriate adipogenic

stimuli.

After differentiation has been initiated. cells can dedifferentiate and reenter
mitosis only for a period of time. Dedifferentiation can be initiated by disrupting cell/cell
contact or by exposing cells to certain agents. for example. retinoic acid (Hoerl er al.
1984) and tumor necrosis factor a (Ron er al. 1992: Petruschke and Hauner. 1993).
Experiments with Balb/c 3T3 cells suggest that once cells have gone beyvond a specific
stage. they can no longer undergo dedifferentiation but rather are committed to terminal
differentiation (Wier and Scott. 1986: Filipak er al. 1988: Wang and Scott, 1993). A

serum protein referred to as aproliferin and purified by Wier and Scott (Wier and Scott.



1986) was found to be capable of inducing terminal differentiation. Once differentiated

terminally. mature adipocytes are believed to lose their ability to replicate.

Differentiation of preadipocytes is characterized by morphological and
biochemical changes. Morphologically. cells round up and accumulate cytoplasmic lipid
thereby loosing their fibroblastic appearance and acquire the characteristic signet-ring
appearance of mature adipocytes (Green and Meuth. 1974). The biochemical conversion
involves an increase in TG content and in the activity of the enzymes that are involved in
the synthesis of fatty acids and TG. such as acetyl CoA carboxylase. fatty acid synthase
(FAS). and glycerol-3 phosphate dehydrogenase (G3PDH). These lipogenic enzymes. as
well as lipoprotein lipase (LPL). are expressed in a temporal sequence. with LPL being an
early marker (0-1 day post confluence). whereas G3PDH is a late marker of
differentiation. The differentiated cells also acquire the proieins necessary for the release
of TG such as hormone sensitive lipase (Roncari ef al. 1980). Consistent with the
transition from fibroblast morphology. a concomitant decrease occurs in the cellular
content of the cytoskeletal proteins. actin and tubulin (Bernlohr er al. 1985: Cook et al.

1985).

1. 7. Exogenous Modulators of Preadipocyte Differentiation

Normally preadipocytes. upon reaching monolayer confluence. undergo
differentiation in culture only with enrichment of culture conditions. A number of agents
have been studied using embryonic fibroblasts and preadipocytes in primary culture that
induce differentiation in vitro. The most widely used hormonal cocktail includes
glucocorticoids. high levels of insulin (which may act through insulin-like growth factor-

I receptor) and 3-isobutyl-1-methylxanthine (IBMX. a cAMP phosphodiesterase



inhibitor) (Student et al. 1980). The agents most frequently used to differentiate 3T3-
F442A cells are insulin and calf serum (Green and Kehinde. 1975). Differentiation of
3T3-L1 and 30A35 cells can be induced with dexamethasone and insulin in media
enriched with fetal bovine serum (Student et al. 1980). Several other agents have been
reported to either induce or inhibit adipocyte differentiation. Those that induce
differentiation include thyroid hormones (Gharbi-chihi er al. 1991). sodium butyrate
(Toscani er al. 1990). ascorbic acid (Ono ez al, 1990). prostacyclin (Vassaux et al. 1992).
aldosterone (Rondinone er al. 1993) and arachidonic acid (Gaillard er al. 1989) etc.
Some of the investigated inhibitory agents include TNF « (Beutler and Cerami. 1987).
transforming growth factor B (Ignotz & Maasague. 1985). phorbol ester (Diamond et «l,
1977). retinoic acid (Stone and Bernlohr. 1990) and prostaglandin Fag (Serrero er al.

1992).

Conditions have been developed for achieving adipocyte differentiation in the
absence of serum using clonal celi lines and primary stromal preadipocytes (Guller ez al.
1988: Hauner. 1990: Schmidt er al. 1990: Catalioto et al, 1992). The serum free medium
contains insulin. triiodothyronine. growth hormone. transferrin and agents which increase
cAMP concentration. This advancement has made it possible to characterize some of the
extracellular and intracellular signals that are involved in the control of adipose

conversion.

1. 8. Paracrine Interactions in Adipose Tissue Development and Growth.

As described earlier. the adipocyte is a metabolically very active cell. A number
of products are synthesized and secreted in white adipose tissue that may influence

appetite and food intake regulation (Campfield et al. 1995. Halaas er al. 1995).
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lipoprotein and cholesterol metabolism as well as preadipocyte replication and
differentiation (Flier et al. 1987: Pykalisto et al, 1975: Lau et al, 1987a; Lau et al.
1987b). While the molecular mechanism of these molecules is under investigation. there
is evidence suggesting that these molecules may influence some of these processes via a
paracrine or autocrine mode of action or both. Regional differences in the growth of
adipose tissue in vivo (Faust et al. 1978) and in vitro (Djian et al. 1983: Lau er al, 1987a
Law er al, 1987b: Shillabeer er al, 1990) suggest the role of local factors in the control of
adipose tissue development. Preadipocytes from retroperitoneal fat pads were shown to
replicate faster in response to high dietary fat as compared to preadipocytes from
epididymal or subcutaneous pads (Faust ef al. 1978). A paracrine mode of action was
further supported by the studies from our laboratory using constituent cells of rat adipose
tissue. Replication of rat preadipocytes was found to occur due to factors released by
proliferating preadipocytes from massively obese humans (Lau er al. 1987a).
Extracellular matrix components secreted by adipose tissue-derived microvascular
endothelial cells stimulated preadipocyte differentiation in vitro (Varzaneh et al. 1994).
Our laboratory has also adduced evidence for paracrine signals originating from mature
rat adipocytes that regulated preadipocyte differentiation (Shillabeer er al. 1989).
Medium conditioned by mature adipocytes induced differentiation of its precursor cells
grown in primary culture. This adipogenic effect of the medium was not due to the
release of TGs from broken fat cells. but rather secondary to some other unidentified
factor(s). One objective of the present study was focused on the elucidation of positive
regulator(s) of adipocyte differentiation originating from adipose tissue's own

microenvironment.
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1. 9. Prostaglandins (PG) in Adipose Tissue

1. 9. 1. PG Biochemistry

Prostaglandins are unsaturated hydroxy fatty acids with one cyclopentane ring and
two side chains for a total of 20 carbon atoms (Samuelsson ez al.. 1978: Moncada &
Vane, 1979. Corey et al.. 1980). They are formed from polyunsaturated fatty acids
through oxygenation and cyclization under the control of the enzyme cyclooxygenase.
Three essential fatty acids. dihomo-v-linolenic acid (20 3 ®-6). arachidonic acid (20:4 w-
6) and eicosapentaenoic acid (20:5 -3). serve as substrates for the synthesis of
prostaglandins of the 'I'. 2" and '3’ series. respectively. These fatty acids are contained in
meat and fish constituents of the diet and in some plant foods (Willis and Stone. 1976).
Arachidonic acid (AA). the precursor of dienoic prostaglandins. is the most abundant of
these three fatty acids present in membrane phospholipids mainly bound at the 2-position
of the glycerol moiety in most species (Van den Bosch. 1980: Irvine. 1982) and can be
obtained directly from the diet or by desaturation and chain elongation from dietary
linoleic acid (18:2 w-6). This explains why prostaglandins of the 2’ series are commonly
detected. Arachidonic acid can be released from cell membranes by the action of
phospholipases which thus becomes available for PG synthesis. The correlation of AA
release with prostaglandin production suggests 'AA release’ as an important control point.
Synthesis of prostaglandins takes place in three stages (Smith. 1986): (a) release of AA
from phospholipids. (b) oxygenation and cyclization of free AA to PGG> and PGHa
endoperoxides by cyclooxygenase (COX) and (c) metabolism of PGH3 to specific
biologically active PG or thromboxanes. PGG> and PGH> endoperoxides are unstable in
acqueous solution (half-life approximately 5 min at 37C) and decompose quickly to the

stable metabolites. PGE»>. D2 and Fag and prostacyclin (PGI2). PGIa is also unstable and
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metabolizes to its stable metabolite 6-keto PGF . The various prostaglandins differ
from each other by the degree of unsaturation and saturation in the cyclopentane ring or
aliphatic side chains. Prostaglandins are designated A through I depending on the exact
structure of the cyclopentane ring. The subscript numbers (1. 2 and 3) denote the number

of double bonds in the side chains.

1. 9. 2. Synthesis of Lipoxygenase Products

Catabolism of arachidonic acid by lipoxyvgenases (LOX) rather than COX
generates another class of biologically active compounds which includes leukotrienes and
a variety of hydroxy and hydroperoxy fatty acids. Three different mammalian
lipoxygenases catalyse the insertion of molecular oxygen into arachidonic acid at
positions 5. 12 or 15. The initial product formed by each of these reactions is a
hydroperoxyeicosatetraenoic acid (5-. 12-, or 15 HPETE). HPETE is unstable and is
reduced to the corresponding stable hydroxyeicosatetraenoic acid (5-. 12-, or 15 HETE)
(Samuelsson et al. 1987). HETEs have been known to be involved in a number of
biological processes including blood pressure regulation and renal functions. Very
recently. 8(s) HETE. a relatively less studied HETE. was found to be adipogenic to 3T3-
L1 cells by binding to a nuclear receptor. peroxisome proliferator activating receptor. (Yu
et al. 1995). Together. the various oxygenated arachidonic acid metabolites such as
prostaglandins. leukotrienes. and lipoxins are called eicosanoids (Moncada & Vane 1979:

Corey er al. 1980). The pathway for the formation of eicosanoids is presented in Figurel.
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Fig. 1. Pathway For The Formation of Eicosanoids
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1.9. 3. Mechanism of Eicosanoid Actions: Eicosanoids as Local Hormones

Ferreira and Vane (1967) demonstrated in their studies that infused PGE and
PGFa derivatives failed to survive a single pass through the circulation suggesting that
prostaglandins act in close proximity to their site of synthesis. Two observations support
this suggestion: first, that plasma concentrations of eicosanoids in physiological
conditions are less than 10-?2 M (Granstorm and Samuelsson. 1978: Dunn et al. 1978) and
second. that eicosanoid synthesis occurs in large variety of tissues rather than a central
endocrine organ (Smith. 1986: Borgeat. 1987). The action of locally produced PG in vivo
i1s rapidly terminated by local metabolism resulting in products that normally have little or
no biological activity (Moncada & Vane. 1979).  Prostaglandins are not stored within
cells (Piper &Vane. 1971: Bills et al. 1977). but quickly exit the cell. So. eicosanoids are
considered to be extracellular mediators eliciting their biological effects by binding to
specific membrane receptors (MacIntyre. 1985). but it seems possible that some of them

could exert their effects via nuclear receptors (Forman ez al. 1995: Kliewer et al. 1995).

1. 9. 4. Prostaglandin Biosynthesis in Adipocytes

It has been known for some time that adipose tissue is a site of prostaglandin
production (Shaw and Ramwell. 1968). As discussed above. in most cell types the
precursor of prostaglandin formation is mainly arachidonic acid present in the
phospholipids of cell membranes. which can be released for PG synthesis by the action of
a specific phospholipase A (or by other phospholipases) (Van den Bosch. 1980: Irvine.
1982). In adipocvtes. however. arachidonic acid may not only be esterified in the
phospholipids but may also be stored in neutral lipids (triacylglycerol) (Christ &

Nugteren. 1970: Dalton & Hope. 1974: Negrel & Ailhaud. 1981) and may become
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available for prostaglandin synthesis during triacylglycerol lipolysis. The release of PG
from adipose tissue of various species in response to lipolytic agents has been
demonstrated in a number of studies (Lewis and Mathews. 1970: Dalton and Hope. 1974:
Axelrod and Levine. 1981: Richelsen. 1987). Some of the vaso-active agents such as
bradykinin and angiotensin were also able to stimulate prostaglandin formation in rat
adipocytes (Axelrod er al. 1985: Darimont et al. 1994). These agents liberate arachidonic

acid stored in phospholipids without affecting lipolysis.

Prostaglandins are metabolized very rapidly in vivo. However. in isolated rat
adipocytes it has been shown that more than 90% of added PGE:2 could be recovered
from the adipocyte suspension after incubation for 60-120 min at 379C (Axelrod et al..
1985: Richelsen and Pedersen. 1987). PGl is known to decompose rapidly into a
chemically stable. but biologically inactive derivative. 6-keto-PGF . Studies of this
reaction in vitro established that PGI> has a half life of about 3 minutes (Cho and Allen.
1978). Due to this spontaneous hydrolysis of PGI>_the quantitation of 6-keto-PGF | is
generally accepted by many researchers as a measure of PGI> formation (Fitzpatrick er
al.. 1979). Currently. various radioimmunological assays (RIA) have been used to
determine prostaglandin production. These assays are highly sensitive and have the
advantage of accomodating large number of samples compared to bioassay and
chromatographic assays. Table 1 summarizes the production of PG in adipocytes. When
measured by RIA. the release of PGI» (measured as 6-keto-PGF|y) from isolated rat

adipocytes under basal conditions was reported to be in excess of PGEj.
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Table 1. PGE> and 6-keto-PGF ¢ production in rat and human adipocytes under
basal conditions. PG were extracted from the cell-free medium and measured by RIA.

PGE-» 6-keto-PGF ¢
Source --
ng/106 cells Reference
Rat 0.25 0.51 Richelsen, 1987
0.56 1.23 Axelrod and Levine.
1981
Axelrod et al. 1985
Human
0.12 0.59 Richelsen. 1987

In situ microdialysis of rat adipose tissue further confirmed the production of
PGI> and PGE> in this tissue (Darimont et al. 1994). The basal extracellular
concentrations of 6-keto-PGF;q and PGE> determined by this method in rat adipose
tissue were estimated to be | and 0.3 nM respectively. Thus PGE» and PGI> have been
detected in considerable amounts in adipose tissue in different studies. whereas PGFog
has been found in smaller quantities (Dalton and Hope. 1974: Axelrod and Levine, 1981)
with little or no PGE; (Christ & Nugteren. 1970: Dalton & Hope. 1974). The formation
of PG has also been demonstrated in human subcutaneous adipocytes (Chang et al. 1977:
Brain & Lewis. 1981: Richelsen. 1987). In agreement with the findings in rat adipocytes.
the main PG were found to be PGI» and PGE> (Richelsen. 1987: Table 1). However. if
adipocyte size and surface area are taken into account. the formation of both
prostaglandins is considerably smaller in human than in rat adipocytes (5-10 times less)

(Richelsen. 1987).

Adipogenic cell lines such as obl7 and 3T3-L1 have also been reported to

produce prostaglandins (Negrel & Ailhaud. 1981: Hyman er al.. 1982). In the
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preadipocyte stage of 3T3-L1 cells. however. PGE> was the major prostaglandin
produced (783 100 pmol/ mg protein) and 6-keto-PGF 4 was found only at iow levels
(269 £ 65 pmol/ mg protein) (Hyman er al, 1982). The rate of PGE> and 6-keto-PGFla
synthesis in clonal preadipocytes was maximal during the growth phase and decreased
dramatically after confluence (Negrel and Ailhaud. 1981: Hyman et al, 1982). In
summary. it is now established that prostaglandins are produced in both rat and human

adipocytes.

1. 9. 5. Inhibition of Prostaglandin Synthesis

As in other cell systems. prostaglandin formation in adipocytes can be inhibited
by non-steroidal antiinflammatory drugs (NSAID). such as aspirin and indomethacin.
The enzyme COX. which generates and releases prostaglandins in response to various
stimuli. is ubiquitous in mammalian tissues and is sensitive to NSAID. The inhibition of
PG synthesis by NSAID has been demonstrated in adipose tissue both in viveo and in
virro. Indomethacin and aspirin inhibited PGE> and 6-0x0-PGFla production in rat and
human adipocytes (Richelsen. 1987). For that reason, these drugs are widely used as a
tool to evaluate the physiological role of prostaglandins. Upon exposure to aspirin. the
enzyme Is acetylated that leads to irreversible COX inhibition (Smith and Lands. 1971)
and thus new enzyme synthesis is required before more prostaglandins can be produced.
Indomethacin. meclofenamate and flurbiprofen also cause irreversible inactivation of the
COX activity but without covalent modification of the enzyme (Rome and Lands. 1975:
Pace-Asciak and Smith. 1983). NSAID inhibit specifically the COX and not the LOX
activity (Flower and Vane. 1973: VanderOuderaa et al. 1980). Nordihydroguaiaretic acid

(NDGA) is reported to be inhibitor of LOX (Higgs and Vane. 1983).



Anti-inflammatory steroids such as glucocorticoids also inhibit the release of
prostaglandins from various tissues including adipose tissue (Lewis and Piper. 1978:
Mitchell er al, 1983). but these drugs do not inhibit the COX enzyme (Lewis and Piper.
1978: Flower and Vane. 1974). They inhibit the activity of phospholipase A> and hence
reduce the release of arachidonic acid. However. the involvement of glucocorticoid in
the release of arachidonic acid in many tissues including adipose tissue is controversial.
Treatment of Ob1771 preadipocytes with corticosterone elicited enhanced arachidonic
acid release and increased synthesis of PGl (Gaillard er ul. 1991). Dexamethasone also
stimulated arachidonic acid conversion to PGE> in human amnion cells (Zakar and
Olson. 1989). In conclusion. anti-inflammatory steroids influence the prostaglandin

system by mechanism which differs from that of NSAID.

1. 9. 6. Role of Prostaglandins as Paracrine Regulators of Adipocyte Development

Prostaglandins play an important role in cellular processes. In adipose tissues.
prostaglandins have been shown to influence adipocyte functions. such as lipolysis
(Christ and Nugteren. 1970: Richelsen and Pedersen. 1987). Recent evidence suggests
that they may also be important paracrine regulators of preadipocyte development.
Vassaux et al (1992) suggested PGIx as a local hormone playing the role of a hyperplastic
agent in the development of adipose tissue. However. the effect of prostaglandins on
adipose differentiation has yielded variable results. Prostaglandins have been shown to
both accelerate and inhibit adipocyte differentiation depending on the cell line and culture
conditions tested. Prostacyclin (PGI») stimulated preadipocyte differentiation in Ob 1771
cell lines and rat and human preadipocytes in the presence of serum free medium. (Negrel
et al. 1989). PGFaq potentiated the effect of cPGI3 in adipose conversion in ob1771 cells

(Catalioto er al. 1991). PGF»q also stimulated differentiation of 3T3-L1 cells ( Hopkins

19



& Gorman. 1981). More recently. 15-d PGJ. a metabolite of PGD» has been reported to

be adipogenic in C3H10T /2 fibroblasts (Kliewer et al, 1995).

In contrast to stimulation observed in Ob1771 cells. rat and human preadipocytes.
PGI: inhibited the differentiation of 3T3-L1 (Hopkins and Gorman. 1981). PGF>q also
inhibited differentiation of adipocyte precursors in primary cultures (Serrero et al. 1992a)
and of cell line 1246 (Serrero er al, 1992b). Very recently. Casimir and his coworkers
have reported inhibition of differentiation in 3T3-L1 preadipocytes by PGF2¢. PGE2 and
PGD3 (Casimir er al. 1996). Cyclooxygenase catalyzes the initial step in the breakdown
of arachidonic acid to prostaglandins, and the cyclooxygenase inhibitor. indomethacin.
promoted differentiation in 3T3-L1 (Williams & Polakis. 1977) and TA1 cells (Knight. er
al. 1987). consistent with the reports suggesting PG as negative regulators of
preadipocyte development. However. the concentration of indomethacin (100 uM)
required for a significant stimulation of differentiation in TA! cells was much greater
than that needed for complete inhibition of cyclooxygenase and may have actions

independent of inhibition of prostaglandin synthesis.

In one study. the PLA> activity. a rate limiting enzyme in the production of
prostaglandins. was tound to be low in undifferentiated 1246 preadipocytes (Gao and
Serrero. 1990). However. the activity increased significantly during differentiation. with
a concomitant increase in the level of PGFag. whereas the PGE> level remained
unchanged. This also provides evidence for the production of prostaglandins. particularly
PGF2q by mature adipocytes and for a mechanism by which differentiated cells might
regulate the differentiation of precursor ceils. The role of prostaglandins in the regulation
of adipose tissue development is. however. controversial. The effective concentration of

prostaglandins in most of these studies was much higher than the concentration actually
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found in adipose tissue (Darimont er al, 1994). Much more work is needed to elucidate
the role of prostaglandins as paracrine/autocrine regulators of adipocyte development at

the physiological level.



2. HYPOTHESIS AND RESEARCH OBJECTIVES

The overall objective for studying adipose tissue development was to identify the
factors that control the process of differentiation and to determine how these factors act in

vivo. The proposed work examined the following hypothesis with 3 specific objectives.

2.1. Hypothesis

Prostaglandins released by adipocytes or preadipocytes act via

paracrine/autocrine mechanism(s) to modulate preadipocyte differentiation.

2.2. Objectives

1. To determine if mature adipocytes or preadipocytes release prostaglandins that

influence preadipocyte differentiation.

[ 9]

To measure the release of prostaglandins by adipocytes and preadipocytes.

L)

To study the physiological effect of prostaglandins on adipocyte development.

2. 3. Rationale

Adipose cell size and number are carefully regulated by yet unknown mechanisms
in each adipose tissue depot. The regional variations in body fat suggest the role of
paracrine/autocrine factors in the control of adipose tissue growth. Previous work from

our laboratory has shown that adipocytes secrete some factor(s) in culture medium that



play an important role in the differentiation of preadipocytes. (Shillabeer et al, 1989).
However. the precise identity of these factors has not been elucidated. Prostaglandins are
produced and released by adipose tissue (in the extracellular matrix) and have been
suggested to play a role in adipose cell differentiation. The role of prostaglandins in
adipose cell differentiation. however. remains controversial. In one study. PGE». PGI»
and PGF>¢ (main PG of adipose tissue) all markedly inhibited differentiation. while the
same prostaglandins were shown to stimulate differentiation in another study.
Moreover. the effective concentration of prostaglandins in most of the studies was many
fold greater than the physiological amount secreted in the adipose tissue
microenvironment. Much of the prostaglandin literature has focused on the

pharmacological concentrations of prostaglandins on adipocyte ditferentiation.

The present study was aimed at determining the paracrine/autocrine effect of
prostaglandins derived directly from primary rat adipocytes/preadipocytes on the
differentiation of primary preadipocytes. An understanding of the paracrine role of
prostaglandins in adipose differentiation at physiological level may provide a new insight

into the mechanisms that control the process of adipocyte development.



3. MATERIALS

3. 1. Chemicals

Collagenase type II. bovine insulin. bovine serum albumin. corticosterone. 3-
isobutyl-1-methyl xanthine. adenosine. hepes. triiodothyronine. holo-transferrin.
dihydroxyacetone phosphate. B-nicotinamide adenine dinucleotide (reduced form. B-
NADH). triethanolamine. 2. 2. 4- trimethyl pentane. diethyl ether. Tris-HCIL. trypsin,
indomethacin and nordihydroguaiaretic acid were purchased from Sigma Chemical Co.
(St. Louis. Mo). All prostaglandins were obtained from either Cayman Chemicals (Ann
Arbor. MI) or Sigma and their specified purities were always > 99%. [1-!14C] arachidonic
acid. PGE> and 6-keto PGF ¢ radioimmunoassay Kits were purchased from Amersham
(Oakville. ON). 2-Mercaptoethanol was obtained from Aldrich (Milwaukee. WI).
[sotone II was from Coulter Diagnostics (Burlington. ON). All other reagents were

bought from either Fisher Scientific Ltd. (Nepean. ON) or BDH Inc. (Toronto. ON).
3. 2. Sera and Cell Culture Media
Alpha-minimum essential medium («MEM). Dulbecco’'s modified Eagle's

medium with Ham's F12 (DMEM/F12). fetal bovine serum (FBS). calf serum (CS).

penicillin and streptomycin were all purchased from Gibco (Burlington. ON).



3. 3. Tissue Culture Plastic Ware

Tissue Culture plastic ware (6- and 24- well plates. and 25- and 75-cm? flasks)
was obtained from Becton- Dickinson (Oxnard. CA). Filters (0.22 um) used to filter all
cell culture solutions and media were purchased from Millipore (Bedford. MA) or

Nalgene (Rochester. NY).

4. METHODS

All studies were conducted on rat preadipocytes propagated in primary culture.
Primary rat adipocytes were used to collect the conditioned medium or were used as test
conditions. Epididymal and retroperitoneal fat depots of adult male Sprague-Dawley rats
(Charles River Breeding Laboratories Inc.. Montreal. Quebec) weighing about 300-400 ¢
were the source of both preadipocytes and adipocytes. The rats were housed two per cage
for a minimum of 7 days before sacrifice. The temperature of the animal room was 220C
with a [2-hr light/dark cycle. The rats were provided with standard rat chow and tap
water ad libitum. Rats were killed by cervical dislocation under light halothane
anesthesia and immediately submerged in phenomyicide solution. a germicidal detergent.
for at least five minutes. Following a midline incision and retraction of skin. fat pads
were resected under sterile conditions. pooled and processed to isolate preadipocytes and

adipocytes according to a previously reported method (Shillabeer er al. 1989).
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4.1. Preadipocyte Primary Culture

After excision. the fat pads were minced and digested with 1.5 mg/ml type II
collagenase in Krebs-Ringer-Hepes buffer. pH 7.4, containing 2 mM glucose. 200 nM
adenosine and 1% bovine serum albumin (BSA). with gentle shaking in a rotatory water
bath at 379 C for 1 h. Following digestion. the cell suspension was filtered through a 150
um nitex mesh filter. The floating layer which consisted of mature adipocytes was
processed separately to collect the conditioned medium. whereas the infranatant was used
to isolate preadipocytes. The infranatant was centrifuged at 100 x g for 10 min at room
temperature. The pellet was resuspended in «MEM and filtered through a 25 um mesh
filter. The cells thus obtained consisted mainly of preadipocytes. Aliquots of
preadipocyte suspension were counted electronicallv with a multisizer Coulter Counter I1
(Coulter Electronics Inc.. Hialeah. FL) and cells were seeded at a density of 4 x 10% cells/
cm? in 24-well plates (unless specified otherwise) in MEM supplemented with 10%
FBS. penicillin (63 mg/L). streptomycin (134 mg/L) and NaHCO3 (2.2 g/L). Cells were
propagated in a cell culture chamber maintained at 379C in a humidified atmosphere of

95% air - 5% COa.

After 24 h. the adherent cells were washed thoroughly with tfresh «a MEM to
remove blood cells and unattached cells and maintained in «MEM supplemented with
10% FBS till they became confluent. Preadipocytes reached monolayer confluence

approximately four days after seeding and were used as test cells in all the experiments.



4.2. Collection of Adipocyte-Derived Conditioned Medium (ACM)

The floating layer of adipocytes resulting from the filtration of the digested cell
suspension through 150 micron nylon mesh was washed thrice with fresh Krebs-Ringer-
Hepes buffer. Washed adipocytes were resuspended in «MEM supplemented with 10%
FBS and 4% BSA and centrifuged at 50 x g for 5 min at room temperature. The medium
below adipocyte layer was aspirated and mature adipocytes were resuspended in fresh
medium corresponding to 1/4 (vol/vol) of the adipocyte layer. After enumerating with a
hematocytometer (Hausser Scientific. Horsham. PA). adipocytes were seeded at a density
of 4 x 105 cells into a precoated 25 cm? flask. The flasks were precoated with a small
volume of aMEM supplemented with 10% FBS and 4% BSA to promote cell adhesion.
Counting of adipocytes was done once and the same estimated volume was used for all
other times. After seeding. the flasks were inverted quickly to allow cells to adhere to
the surface of the flasks and incubated at 37°C for 60-90 min. After cells had attached to
the surface. flasks were returned to their original positions and 5 ml of aMEM
supplemented with 10% FBS was added gently making sure that adipocytes did not
detach. The conditioned medium was collected after 48 h. A second collection was also

made after the next 48 h.

4.3. Assessment of Differentiation

Biochemical measurement of glycerol-3-phosphate dehydrogenase (G3PDH)
activity. a lipogenic enzyme that appears late during the course of adipocyte maturation.
was used as an index of preadipocyte differentiation. Morphological changes and lipid

accretion were observed by looking at cells by phase contrast microscopy.



4.4. Preparation of Cell Extract for G3PDH and Protein Assay

Following preadipocyte culture. on day 10 after seeding. except in serum-free
conditions in which cells were cultured for longer time. differentiated cells were washed
thrice in phosphate buffered saline (PBS). scraped with a rubber policeman into 25 mM
Tris-HCI. pH 7.4, containing | mM EDTA and | mM 2-mercaptoethanol and stored at
-800C till used. On the day of assay. the cell suspension was sonicated at 49C at 30 W for
5-10 sec (Fisher Sonic Dismembrator. Model 300. Ottawa. ON) and centrifuged at 95.000
x g for 10 min at 49C. The supernatant fraction was separated and assayed for G3PDH

activity and protein determination. to be described as follows.

4.5. Measurement of G3PDH Activity

Assay of G3PDH activity was performed using the method of Kozak and Jensen
(Kozak and Jensen. 1974). G3PDH activity was measured in the aliquots of supernatant
section of the cell homogenate spectrophotometrically (Beckman Model DU-50
recording spectrophotometer). A known volume of the sample was mixed with the
reaction mixture {60 ul) in a final volume of 200 ul. The reaction mixture contained IM
triethanolamine. pH 7.4. 5M 2-mercaptoethanol. 25 mM EDTA and 0.2 mM B3-NADH.
The reaction was started by adding 4 mM dihydroxyacetone phosphate. The activity was
determined under zero order kinetics with an interval time of 15 sec. and total time of 2
min. The initial rate of oxidation of NADH was measured at room temperature by a
change in the absorbance at 340 nm. The values of the enzyme activity were calculated
as follows and expressed in units/min/mg protein. One unit of enzyme activity

corresponded to | nmole of NADH oxidized.



Calculations:
[Absorbance at time 0 - absorbance at 2 min. / 2 min.) x 32.154] / volume of sample x

1000 = unit/ml/min.

4.6. Protein Determination

The cellular protein content was determined by the Coomassie Blue method using
BSA as the standard (Spector. 1978). The measurement of the protein concentration was
based on the colorimetric reaction between Coomassie Blue G and the protein in the
sample. The complex was formed in about 2 minutes and was stable for 1 h. The
absorbance was recorded at 595 nm in a Beckman model DU-50 recording
spectrophotometer. A standard curve was generated using dilution of BSA in a

concentration range of 0 mg/ml to 21 mg/ml.

4.7. Effect of Prostaglandins on Preadipocyte Differentiation

To study the effect of prostaglandins on adipose differentiation. confluent primary
preadipocytes were exposed to indomethacin. an inhibitor of prostagiandin synthesis. in
the presence of cMEM with 10% FBS. the standard differentiation mixture and ACM.
Preadipocytes exposed to indomethacin in the presence of «MEM with 10% FBS and
standard differentiation mixture served as negative and positive controls. respectively.
The standard differentiation mixture. also designated as MIX consisted of acMEM
supplemented with 10% calf serum. 10-8 M insulin. 10-7 M corticosterone and 0.5 mM 3-
isobutyl-1-methylxanthine for the first 48 h after which the last was replaced with 0.3%
(v/v) lipid emulsion and the cells were maintained in this medium till harvested for

G3PDH assay. To inhibit prostaglandins released by adipocytes. indomethacin (100uM)
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was added to «MEM containing 10% FBS which was then added to the adherent
adipocytes. as described earlier. in the preparation of adipocyte-conditioned medium
(ACM). ACM thus containing indomethacin at the time of collection (ACM+I) was
collected after 48 h. When exposed to test preadipocytes. the presence of indomethacin
in this medium was presumed to inhibit prostaglandins released by the test preadipocytes
as well. In a separate group. test preadipocytes were exposed to ACM to which
indomethacin was added after its collection (ACM+Ia). The purpose of this group was to

inhibit prostaglandins released by the test preadipocytes only.

Media were changed after every 2 days. Each experimental condition was
analyzed in triplicate. Photomicrographs of cells were taken prior to harvesting. Cells
were harvested in Tris-HCI and stored at -800C until assaved for G3PDH activity. The
above experiment was repeated at least four times. The following summarizes the culture
conditions to which confluent preadipocytes were exposed to study the effect of
prostaglandins:

Adipocyte-derived conditioned medium (ACM)

ACM collected in the presence of indomethacin (ACM+I)
ACM-+indomethacin added after collection (ACM+ la)
Controls (Basal and Positive)

oMEM supplemented with 10% FBS (FBS)

FBS + indomethacin (FBS+I)

Standard differentiation cocktail (MIX)

MIX + indomethacin (MIX+I])

4. 8. Determination of Prostaglandins Release
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The production of prostaglandins by preadipocytes and adipocytes was
determined by measuring their release into culture medium. Due to very short half life of
PGI> (Cho and Allen. 1978). the production of this PG was measured by the release of its
stable degradation product 6-keto-PGF |y (Fitzpatrick er al 1979). The release of
prostaglandins by adipocytes and preadipocytes was examined under basal conditions

(«MEM containing 0% FBS) by the following methods.

4. 8. 1. Thin Layer Chromatography

Isolated preadipocytes were seeded in 100 mm culture dishes (10 cells/cm?) in
aMEM containing 10% FBS. On day 4. growing cells were washed with PBS at least
three times and harvested with a rubber policeman. The pooled cell pellet was
resuspended in 0.5 ml serum-free medium («MEM). For assay of prostaglandin synthesis
from arachidonic acid. cells were incubated with 10 uM [1-1#C] AA (0.4 uCi) for 30 min
at 379C in a total volume of 0.5 ml. Cell-free medium (0.5 ml) incubated with [1-!4C]
arachidonic acid served as control. Radioactive prostaglandins released into the medium
were extracted twice with 3 volumes of diethy! ether, methanol and 0.2 M citric acid
(30:4:1. v/v/v). The cell suspension was immediately vortexed and centrifuged at 200 x g
for 5 min. The organic layer was removed and evaporated to dryness under a stream of
N2 and redissolved in 50 ul of solvent system (see below) used to develop thin layer
chromatography (TLC) plates. The samples and standard prostaglandins {6-keto PGFla.
PGE;. PGF2a. PGD3 and 15-deoxy A 12- 14 PGJ (15-d PGJ»)} were applied to silica gel
TLC plates (Merck. F-254. 20x20 cm) and developed in an organic phase of ethyl acetate/
2.2.4-trimethyl pentane/ acetic acid/ water (100:50:20:100. v/v/v/v) solvent system. The

radioactive bands were visualized by autoradiography. The locations of standard
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prostaglandins were spotted with iodine vapor, and the radioactive zones were defined.
The identified labeled prostaglandins were scraped from the glass plates. added to 5 mli
scintillation liquid and the radioactivity was determined in a liquid scintillation counter
(Beckman LS 3801). The protein content of the cells was determined by the method of

Spector. 1978 as described earlier in this chapter.

4. 8. 2. Radioimmunoassay

Duplicate samples of 24 h culture media conditioned by preadipocytes or
adipocytes were also analyzed for prostaglandin concentrations by radioimmuncassay
using commercial Kits (Amersham). Preadipocytes were isolated and plated at a density
of 4 x 10% cells/cm? in 24 well plates in duplicates in MEM supplemented with 10%
FBS. After 24 h. a period during which almost no cell replication occurs (Djian er al,
1983). adherent cells were washed extensively to get rid of blood cells and maintained in
I ml of «MEM containing [0% FBS/ well. Culture medium was collected the following
day in 2 ml of ethanol and stored at -200C till measured. Preadipocytes were detached
with I ml trypsin solution (50 mg/100 ml. 0.25 mM EDTA) and counted using the
Coulter Counter. The release of PGE> and 6-keto PGF ¢ by adipocytes was measured in
ACM. ACM with or without indomethacin supplementation was collected after 24 h as
described in section 4.2. The medium was collected in 2 volumes of ethanol and stored at

-200C until assayed for prostaglandin measurement.

Extractions of prostaglandins were performed using ethvl bonded silica
minicolumns supplied with the kit. Samples were acidified with 0.25 ml 1M HCI before

applying to columns. The prostaglandins were extracted with 5 ml of methyl formate.



The eluates were dried under nitrogen and reconstituted to 0.1 ml with assay buffer

(phosphate-buffered saline with gelatin).

The assay is based on the competition between unlabeled prostaglandin and a
fixed quantity of 3[H] PG for a limited number of binding sites on the prostaglandin
specific antibody. In the standard reaction. 0.1 ml of antiserum was added to the samples
and vortexed. An aliquot of 0.1 ml of 3[H] PG was added to each tube and the resultant
mixture was incubated at 49C for overnight. Separation of unbound ligand from the
protein bound was achieved by adsorption of the free ligand on to 1.0 ml of dextran-
coated charcoal. followed by centrifugation at 100 x g for [0 min at 4°C. Radioactivity
in the supernatant liquid was quantitated in the scintiliation counter (Beckman LS 3801).
The concentration of unlabeled prostaglandins in the sample was determined from a
linear standard curve. The detection limit for PGE> and 6-keto PGFjg by

radioimmunoassay was 0.2 pg and 2.5 pg per 100 pl. respectively.

4. 9. Study of Direct Effect of Prostaglandins on Preadipocyte Differentiation

To investigate if the concentration of prostaglandins released by adipocytes and
preadipocytes was sufficient to induce the effect observed. confluent rat preadipocytes
were exposed to exogenous prostaglandins. Serum-free conditions were used to study the
specific effect of individual prostaglandin on preadipocyte differentiation. Exogenous
prostaglandins (PGIa2. PGE3. PGF>q and 15-d PGJ>) were added to preadipocytes in
concentrations ranging from 10-10 M to 10-6 M. Owing to very short half life of PGI». a
stable and active analogue. carboprostacyclin (cPGI2). was used (Negrel er al, 1989).
Isolated preadipocytes were propagated in MEM containing 10% FBS until confluent.

On day 4 when cells reached monolayer confluency. serum supplemented medium was
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replaced with hormone supplemented serum-free ITT. ITT refers to Dulbecco's modified
Eagle’s medium- Ham's F-12 (DME-F12) medium (1:1 mixture) supplemented with
insulin (100 nM). transferrin (10 nM) and triiodothyronine (200 pM). Prostaglandins
were added on day 4 in the presence of ITT and maintained in the culture medium
throughout the experiment. Stock solutions of prostaglandins were prepared in ethanol
and stored at -200C. The final concentrations were made by dilutions with culture media.
The final concentration of ethanol in culture media were < 0.1%. Media were changed
after every two days and fresh prostaglandins were added at that time. Cells were
harvested on day 14 after seeding and assayed for differentiation by measuring G3PDH

activity.

4. 10. Effect of Lipooxygenase (LOX) Products on Preadipocyte Differentiation

To study the effect of lipoxygenase products on preadipocvte differentiation. rat
preadipocytes were treated with nordihydroguaiaretic acid (NDGA). an inhibitor of LOX
(Higgs and Vane. 1983). in the presence of MIX and ACM. Preadipocytes from
retroperitoneal and epididymal fat pads of male rats were isolated and seeded at a density
of 4 x 10* cells/cm? in 24- well plates. Cells were grown till monolayer confluence
(approximately four days post inoculation) in MEM containing 10% FBS. The medium
was then changed to one of the following conditions:

a) ACM

b) ACM with NDGA (10 uM)

c) ACM with indomethacin (100 uM)

d) ACM with indomethacin (100 uM) plus NDGA (10 uM)



Controls

a) Standard hormonal mixture (MIX)

b) MIX with NDGA (10 uM)

¢) MIX with indomethacin (100 uM)

d) MIX with indomethacin (100 uM) plus NDGA (10 pM)

The culture medium was changed every three days. Cells were extracted for

assessment of differentiation on day 10 after seeding. The experiment was repeated at

least five times using triplicate dishes per condition.
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S. RESULTS

5. 1. Induction of Preadipocyte Differentiation by ACM

In the present study. adipocyte-derived conditioned medium (ACM) was used as a
tool to study the paracrine mechanism. To demonstrate the use of ACM. the
differentiation activity of ACM was tested. Confluent rat preadipocytes were induced to
differentiate with ACM and the differentiation activity was compared with the control
medium («MEM containing 10% FBS) and a standard differentiation cocktail (MIX).
Rat preadipocytes showed no differentiation in the presence of tMEM supplemented with
10% FBS (10% FBS). as the cells maintained fibroblastic appearance (Figure 2. panel A).
However. in the presence of ACM. preadipocytes differentiated very rapidly. The
cytoplasmic lipid droplets were visible from day 2 of differentiation initiation when
examined under phase contrast microscopy and the number and size of differentiating
cells increased progressively until day 10 (Figure 2. panel B). Preadipocytes treated with
MIX also showed increased differentiation. The proportion of preadipocytes containing
lipid droplets when induced to differentiate with MIX. was not different from those
cultured with ACM. However. the size of lipid droplets in MIX conditions was much

larger than ACM (Figure 2. panel C).

The morphological changes were accompanied with the biochemical evidence of
differentiation as determined by G3PDH measurement. As shown in Figure 3. ACM
induced an 11- fold increase in the G3PDH activity of differentiated preadipocytes
compared to those cultured in control medium (10% FBS) (ACM: 342 £ 58 vs 30 £ 6

nmoles NADH/min/mg for controls). The ACM-induced G3PDH activity was
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Figure 2. Photomicrographs of preadipocytes with cytoplasmic lipid inclusions in
response to (A) «MEM supplemented with 10% FBS (10% FBS). (B) ACM. (C) standard
differentiation mixture (MIX). Preadipocytes were isolated from retroperitoneal and
epididymal fat pads of male rats and propagated in primary culture as described in
Methods. Cells were grown in 10% FBS until monolayer confluence. The media were
then changed to the above culture conditions and cells were maintained in those

conditions for an additional 6 days. Original magnification x 320.
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Figure 3. Effect of ACM on rat preadipocyte differentiation as determined by
measuring G3PDH activity.

Confluent test preadipocytes were induced to differentiate with (a) 10% FBS (control).
(b) ACM and (c) MIX. as described in the legend of Figure 2. Media were changed after
every 2 days. Cells were harvested on day 10 after seeding and assessed for G3PDH
activity. One unit of enzyme activity corresponds to 1 nmole of NADH oxidized. The
data were analyzed by one-way analysis of variance (ANOVA) and Tukey's test. Values
are means £ SEM of triplicate determinants from five different experiments. * denotes

values that are significantly different from controls. p < 0.05
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comparable to that induced by MIX (MIX: 422 £ 60 vs 342 + 58 U for ACM). The larger
size of lipid droplets in MIX conditions did not make a difference in the G3PDH activity.
This comparable activity of ACM and MIX on differentiation induction confirmed our
previous report that ACM can serve as a suitable tool to study adipose cell growth and

differentiation (Shillabeer er al, 1996).

5. 2. The Effect of Indomethacin (100u.M) on Preadipocyte Differentiation

To delineate the role of prostaglandins in preadipocyte differentiation. the effect
of indomethacin. a commonly used inhibitor of prostaglandin synthesis. was examined
under various test culture conditions as described in section 4.6 of Methods. To
determine the autocrine role of prostaglandins. test preadipocytes were exposed to
indomethacin in the presence of ACM (ACM-+Ia). the standard differentiation mixture
(MIX+I) and the control medium. 10% FBS (FBS+I). Addition of indomethacin (100
uM) to confluent test preadipocytes stimulated differentiation in a dramatic fashion in all
three conditions. including the control conditions (FBS+I). By 3rd day of indomethacin
addition. almost all cells in MIX+I and ACM+I conditions exhibited adipose cell
morphology and had accumulated lipid droplets (Figure 4A to 4G). These morphological
changes were associated with a parallel increase in the G3PDH activity. An increase of
3-. 4-. and 11-fold in the level of G3PDH activity was observed in MIX. ACM. and
control conditions. respectively as illustrated in Figure 5. These results suggested that
preadipocyte differentiation was probably mediated by a mechanism independent of
inhibition of PG synthesis.

To determine the paracrine role of adipocyte-derived prostaglandins on
preadipocyte differentiation. ACM was prepared from rat primary adipocytes cultured in

the absence or presence of indomethacin (ACM+I). as mentioned in section 4.2. of
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Figure 4. Phase contrast photomicrographs of rat preadipocytes showing increased
lipid droplets in response to indomethacin (100 uM). Original magnification x 320.
Preadipocytes were grown till confluence in «MEM supplemented with 109 FBS (10%
FBS) and induced to differentiate with:

(A) 10% FBS (FBS)

(B) 10% FBS + indomethacin (FBS+I)

(CY (MIX)

(D) MIX + indomethacin (MIX+])

(E) ACM

(F) ACM + indomethacin added at the time of collection (ACM+I)

(G) ACM + indomethacin added after colleceting medium (ACM+Ia)
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Figure 5. Effect of indomethacin (100 uM) on G3PDH activity of differentiating
preadipocytes.

Confluent test preadipocytes were induced to differentiate with same culture conditions
as described in the legend of Figure 4. Cells were extracted for G3PDH activity on day
10 after seeding. One unit of the enzvme activity corresponds to the oxidation of | nmole
NADH. The data were analvzed by ANOVA and Tukey's test. Values are means £ SEM
of five experiments. * denotes values that are significantly different from their respective

controls (P< 0.05).
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Materials and Methods. Confluent test preadipocytes were induced to differentiate with
ACM and ACM+I culture conditions. Cultures of test preadipocytes with ACM+I also
showed significantly increased G3PDH activity (5-fold) compared to those cultured with

ACM alone (Figure 5).

The G3PDH activity induced by ACM+I condition was greater (about 20 %) than
that induced by ACM+la condition (Figure 5). Although. the difference in the
stimulation of differentiation between these two groups did not reach the level of
significance. the trend of greater differentiation in ACM+I than ACM+Ila was found in all
five repeats of the experiment. These results suggest that in the absence of indomethacin,
adipocytes may release prostaglandins that are inhibitory for preadipocyte differentiation.
but again the effect of blocking inhibitory prostaglandins might have been masked by

some other mechanism of indomethacin unrelated to prostaglandin synthesis inhibition.

5. 3. Dose-dependent Effect of Indomethacin on Preadipocyte Differentiation

Confluent preadipocytes were exposed to indomethacin in concentrations ranging
from 0.005 uM to 50 uM in the presence of ACM or MIX. As shown in Figure 6. at
lower doses. a moderate differentiation promoting effect of indomethacin was observed
on ACM-induced preadipocyte differentiation. for example. ACM: 362 + 165 vs
ACM+I(5uM): 672 £ 208 U. G3PDH. Whereas. at higher concentration (50 uM). the
addition of indomethacin resulted in a dramatic increase of preadipocyte differentiation.
Cytoplasmic lipid accumulation was visible within 2 days of indomethacin addition and
by day 9. almost every cell had accumulated lipid droplets. The G3PDH activity was also
increased significantly by 5-fold from 362 + 164 U for control (ACM) to 1586 £ 844 U. p

< 0.05 (Figure 6). Similar results were observed with the increasing concentrations of
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Figure 6. Dose-response curve of indomethacin in ACM-induced preadipocyte
differentiation.

[solated rat preadipocytes were cultured at a high density of 4 x10# cells/em? in 24-well
rlates and allowed to grow in @MEM containing 10% FBS. On day 4 when cells were
confluent. the media were changed to ACM (control) and ACM with increasing
concentrations of indomethacin (0.005 uM to 50 uM). On day 10 after seeding. cells
were extracted for G3PDH assay as described in Methods. Enzyme activity was
expressed as nmole NADH oxidized/min/mg protein. The data were analyzed by
ANOVA and Tukey's test. The values represent means + SEM of 3 experiments. *

denotes values that are significantly different from control (P < 0.03).
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Figure 7. Dose response curve of indomethacin in MIX-induced preadipocyte
differentiation.

Confluent test preadipocytes were exposed to MIX (control) and MIX with increasing
concentrations of indomethacin (0.005 uM to 50 uM). Cells were harvested on day 10
after seeding and assessed for G3PDH activity. One unit of enzyme activity corresponds
to I nmole of NADH oxidized. The data were analyzed by ANOVA and Tukey's test for
multiple comparisons. The values are means = SEM of 3 experiments. * denotes values

that are significantly different from control (P < 0.03).
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indomethacin (0.005 uM to 50 uM) when differentiation was induced with MIX (Figure
7). Up to a concentration of 0.5 uM. indomethacin in MIX showed a slight increase in
the G3PDH activity (702 = 154 U vs 984 £ 194 U). However. the addition of
indomethacin at higher concentrations (5 and 50 uM) resulted in a 5-fold increase in the
G3PDH activity of the differentiating preadipocytes (702 + 154 U. MIX vs 3583 + 966

and 4033 £ 980 U with 5 and 50 uM indomethacin. respectively).

5. 4. The Effect of Indomethacin (0.01 uM) on Preadipocyte Differentiation

To eliminate the adipogenic effect of indomethacin on preadipocyte
differentiation. the paracrine/autocrine role of prostaglandins in differentiation was
reinvestigated using a concentration of indomethacin (0.01 uM) that specificallv inhibited
prostaglandin formation in adipocytes by more than 60-70% (data shown in later section
of this chapter). In contrast to significant stimulation observed under all conditions with
high concentration of indomethacin (Figure 5). low concentration (0.01 uM) did not
influence preadipocyte differentiation when added to control (10% FBS) (Figure 8).
Moreover. preadipocytes exposed to indomethacin under MIX (MIX+I) and ACM
(ACM+Ia) conditions at this concentration revealed a significantly (p < 0.05) reduced
differentiation when compared to their respective controls (Figure 8). These results
indicate that indomethacin inhibited prostaglandin mediated differentiation in
preadipocytes induced by MIX and ACM. In the absence of indomethacin. stimuli in
MIX and ACM may induce the release of prostaglandins by preadipocytes and stimulate

differentiation in an autocrine fashion.



Figure 8. Effect of indomethacin (0.01 uM) on G3PDH activity of differentiating
preadipocytes.

Confluent test preadipocytes were induced to differentiate with the same culture
conditions as described in the legend of Figure 5. Cells were harvested on day 10 after
seeding and analyzed for G3PDH activity. Values are means £ SEM of six experiments
except for MIX conditions where n = 5. * denotes values that are significantly different

(P £0.05) from their respective controls.
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To determine whether indomethacin at this concentration (0.01 uM) affected the
prostaglandins synthesized by adipocytes and subsequent differentiation. test
preadipocytes were cultured with ACM and ACM collected in the presence of
indomethacin (ACM+I) as described before. As shown in Figure 8. preadipocytes
cultured in the presence of ACM+I showed greater differentiation as compared to those
cultured with ACM alone (ACM: 304 £ 55 U vs ACM+I: 405 £ 68 U. n=6). The G3PDH
activity induced by ACM+I condition was also significantly greater than that induced by
ACM-+la condition (ACM+I: 405 £ 68 vs ACM+la: 205 £ 24 U, p< 0.05). These results
suggested that increased differentiation observed under ACM+I culture conditions
compared to ACM alone and ACM+la conditions. may be due to the inhibition of
inhibitory prostaglandins such as PGEj> and PGF»q in adipocytes by indomethacin.
These inhibitory prostaglandins may remain active in ACM harvested in the absence of

indomethacin.

5. 5. Measurement of Prostaglandins Released by Preadipocytes and Adipocytes

The production of radioactive prostaglandins from [1-1+C] arachidonic acid by
preadipocytes and adipocytes was examined using thin layer chromatography (TLC) as
described in section 4.7 of Methods. Figure 9 shows the autoradiogram of the TLC plates
developed after an exposure of 96 h. Preadipocytes converted exogenous arachidonic
acid into prostaglandins that comigrated with standard PGE> and 6-keto PGF 4. a stable
metabolite of PGI». PGE> accounted for 48% of the total radioactive metabolites.

whereas 6-keto PGF | accounted for 33% of the labeled prostaglandins. No
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Figure 9. TLC autoradiogram of Prostaglandins after incubation of preadipocytes
with [1-14C] AA. Preadipocytes were seeded at a density of 10* cells/cm? in 100 mm
culture dishes in «MEM containing 10% FBS. Metabolism of exogenous [1-14C]
arachidonic acid by these cells was analvzed on day 4, as described in Methods. Lane 1.
preadipocytes: Lane 2. Preadipocytes plus indomethacin (10 uM). Arrows indicate the
locations of standard arachidonic acid and prostaglandins. The data are representative of

four experiments.
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PGFa2y. PGD> and 15d-PGJs were detected in the culture medium of growing
preadipocytes. The effect of indomethacin (10 uM) on synthesis of these prostaglandins
was also examined. Indomethacin blocked > 90 of conversion of arachidonic acid into

products that comigrated with PGE3 and PGI» (Figure 9).

In order to assess the actual amount of PGE» and PGI>» formed.
radioimmunoassays (RIA) for these prostaglandins were utilized. As shown in Table 2.
the amount of PGI> (measured as 6-keto PGF ) released by preadipocytes was 4.8 + 0.6
ng/106 cells corresponding to a medium concentration of 1.3 x 10"9 M. while the amount

of secreted PGE3 was 5.2 = 0.8 ng/106 cells and this corresponded to 1.4 x 10-9 M.

Rat adipocytes were also found to release PGI- and PGE- into the culture medium
conditioned by these cells for 24 h (ACM) when measured by RIA. The amount of 6-keto
PGF|q released by adipocytes was 0.64 £ 0.2 ng/106 cells. whereas the amount of
released PGE; was 0.4 £ 0.3 ng/10° cells. The amount of PGI> released by adipocvtes
corresponded to a medium concentration of 9 x 10-19 M and that of PGEx corresponded
to the concentration of 1.25 x 10-19 M. The synthesis of PGl and PGE- by adipocytes in
culture was greatly decreased in the presence of indomethacin in a dose dependent
manner (Table 3 and 4). At the concentration of 0.05 pM. indomethacin was able to
inhibit 2 60% of PGI2 (Table 3) and > 70% PGE; (Table 4) production in adipocytes.
The presence of prostaglandins in adipocytes could not be detected by TLC due to some
technical problems. A very high content of triacylglycerols(TG) in adipocytes seemed to
take up the radioactive arachidonic acid and the prostaglandins formed could not be

separated from TG by the solvent system used in this TLC assay.
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Table 2. Measurement of PGE and PGI: released by preadipocytes and
adipocytes using RIA.

Type of cell
PGE> 6-keto-PGF o ™
(ng/IO6 cells)
Preadipocytes 52+£08 48%£0.6
(14 x 109 M) (1.3 x 109 M)
Adipocytes 04£03 0.6£0.2

(125 x 10100 (9 x 1017 M)

After isolation. mature rat adipocytes were incubated with «MEM containing 10% FBS
for 24 h. The ACM was collected the following day for assay of PG released. To
quantitate amount of PG released by preadipocytes. cells were seeded at a density of 4 x
10+ cells/cm? in 24 well plates in «MEM containing 10 % FBS. After 24 h. cells were
washed extensively with MEM and maintained in MEM supplemented with 10% FBS
for the next 24 h. The medium was collected after 24 h. Preadipocyvtes were tryvpsinized
and counted as described in Methods. The amount of PG released was measured in pg/ml

and calculated in terms of ng/100 cells. Results are mean = S. D. (n=2)

* PGI» was measured as its stable metabolite. 6-keto-PGF



Table 3. Inhibition of PGI> production (measured as 6-keto-PGFj) by

indomethacin in rat adipocytes.

Indomethacin PGI> Inhibition of
(uM) (pg/ml) PGI2(%)
None 320£ 113 0

0.005 130+ 28 260

0.05 128 + 24 260

0.5 105 + 21 268

5.0 91 + 14 =270

Isolated rat adipocytes were seeded at a density of approximately 5 x 10+ cells in 25 cm? flask
and incubated with aMEM supplemented with 10% FBS with or without further

supplementation of indomethacin. ACM was collected after 24 hr. 6-keto PGFla was

determined by radioimmunoassay. Results were expressed as mean = S. D. (n=2).



Table 4. Inhibition of PGE; production in rat adipocytes by

indomethacin.

Indomethacin PGE-» Inhibition of PGE»>
(uM) (pg/ml) (%)

None 240+ 28 0

0.005 92 +2 >60

0.05 56 =18 >70

0.5 42+3 >80

5.0 29+ 13 >90

The experimental protocol was same as for Table 3. Results were expressed as mean £ S.

D. (n=2).
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5. 6. Effect of Exogenous Prostaglandins on Preadipocyte Differentiation

To investigate if the concentration of prostaglandins released by adipocytes and
preadipocytes was sufficient to induce differentiation. confluent rat preadipocytes were
exposed to ecxogenous prostaglandins (cPGI>. PGE>. PGFsy and 15d-PGJ>) in
concentrations between physiological and pharmacological ranges (10-19 M to 10-6 M) in
a defined medium (ITT). To inhibit the endogenous production of prostaglandins by test
cells. indomethacin (0.01 uM) was added to preadipocytes that were exposed to a

physiological concentration of prostaglandins (10-10 M),

5. 6. 1. Effect of Increasing Concentrations of ¢cPGIl2. PGE> and 15d-PGJ; on

Preadipocyte Differentiation

cPGlI> stimulated differentiation of adipocyte precursors in serum free medium
only when added at concentrations > 10-3 M. At concentrations below this. no increase
in cytoplasmic lipid accretion was noticeable compared to control (ITT). when examined
under phase contrast microscopy (Figure 10. panel A to D). However. lipid accumulation
was rapid at concentration 10-7 and 10- M (Figure 10. panel E and F). Cytoplasmic
lipid droplets were noticeable on day 2 after PGI> addition at these concentrations. as
compared to control. The number of differentiated cells increased progressively and by

day 14 almost every cell was lipid laden as illustrated in the photomicrographs.

Biochemical assessment as measured by G3PDH activity showed similar results
(Figure 11). A significant 2-3 fold increase (p £ 0.05) in G3PDH values was observed
only at concentrations 10-7 and 10-6 M (2385 % 255 and 3016 * 185 U. respectively. vs

1244 + 139 U for control). Concentrations lower than 10-7 M did not lead to an increase
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Figure 10. Phase contrast photomicrographs illustrating the cytoplasmic lipid
inclusion in rat preadipocytes upon exposure to increasing concentrations of
exogenous cPGI; (a stable analogue of PGI2). Confluent primary rat preadipocytes
grown in aMEM containing 109% FBS were shifted (dav 5) to serum free. hormone
supplemented medium. ITT. supplemented further or not with cPGI>. The concentration
of cPGI: ranged from 10-19 M to 106 M. Medium was changed after every 2 days and
fresh cPGI> was added at that time. Experiment was terminated on day 14 after seeding.
Original magnification x 320.

Panel (A) control (ITT). (B) ITT + 10-10 M cPGI>. (C) ITT + 109 M cPGI-. (D) ITT +
10-8 M cPGla. (E) ITT + 10-7 M cPGla. (F) ITT + 106 M cPGI2.
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Figure 11. Effect of increasing concentrations of exogenous PG (cPGI, PGE> 15d-
PGJ:> and PGF2q) on adipose conversion of rat adipocyte precursors in primary
culture as measured by G3PDH specific activity. Confluent rat preadipocytes were
exposed to exogenous PG under same conditions as described in the legend of Figure 10.
On day 14. cells were harvested to measure G3PDH activity. One unit of enzyme activity
corresponds to | nmole of NADH oxidized. The data were analyzed by ANOVA and
Tukey's test for multiple comparisons. The values are means + SEM of triplicate

determinations obtained in 3 separate experiments except for PGFaq where n=4.
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in G3PDH activity when compared to controls (Figure 11).

Similar results were obtained in a reproducible manner for PGE> and 15d-PGJ>
with respect to morphological as well as biochemical evidence of differentiation (Figure
I1). After a 10-day exposure of PGE». the increase in G3PDH activity reached values
close to 2-fold compared to controls. but only at 10-® M concentration (ITT: 792 + 47 U
vs ITT + PGFag (10-7 M): 1559 = 191 U). There was a shight dose-relationship between
G3PDH activity and the concentration of 15d-PGJ>». An increase in 15d-PGJ>
concentration stimulated G3PDH activity. with 3-fold increase observed at the

concentration of 10- M (control: 888 99 U vs 10-6 M PGJ2: 2850 = 284 U).

5. 6. 2. Effects of Increasing Concentrations of PGF2, on Preadipocyte

Differentiation

The addition of exogenous PGFaq to confluent test preadipocytes in a
concentration range of 10°19 M to 10-6 M resulted in a dose dependent inhibition of
preadipocyte differentiation (Figure 11). About 75% inhibition was observed with 10-M
PGFaq (151 £68 vs 603 = 198 U G3PDH for control) with maximum inhibition occuring
at 1007M (38 £ 6 vs 603 = 198 U for control). In addition to having lower levels of
G3PDH activity. the cells cultivated in the presence of PGFao remained fibroblastic.
whereas the cells maintained in ITT alone (control) rounded up and accumulated lipid in

their cytoplasm (Figure 12).



Figure 12. Phase contrast photomicrographs of rat preadipocytes exposed to
increasing concentrations of PGF2y. Rat preadipocytes were seeded at a density of 4 x
10* cells/ cm? in 24 well plates in «MEM containing 10% FBS. On day 5 when cells
reached monolayer confluency. medium was changed to serum free medium (ITT)
supplemented or not with increasing concentrations of PGFay. Fresh PGF- was added
after every 2 days when medium was changed. The experiment was terminated on day 14
after seeding. Original magnification x 320.

Panel A: control (ITT). B: + 1019 M PGFaq. C: + 109 M PGFa¢. D: + 108 M PGF»g. E:
+ 107 M PGF3q. F: +10-6 M PGFaq.
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Figure 13. Effect of NDGA on G3PDH activity of differentiating preadipocytes.

Confluent test preadipocytes were induced to differentiate with a) MIX (control). by MIX
plus NDGA. ¢) MIX plus indomethacin. d) MIX plus indomethacin plus NDGA. as
described in Methods. section 3.9. The experiment was terminated on day 10 after
seeding. Cells were extracted to measure G3PDH activity. One unit of enzyme activity
corresponds to | nmole NADH oxidized. The values represent means = SEM of triplicate
determinations of 7 sets of experiments. * denotes values that are significantly different

from control (P<0.05): ** significantly different from * (P<0.05).
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5.7. Effect of Lipooxygenase (LOX) Products on Rat Preadipocyte Differentiation

To test the involvement of LOX products in preadipocyte differentiation.
confluent preadipocytes were induced to differentiate with MIX and ACM with or
without the addition of NDGA. an inhibitor of LOX (Higgs and Vane. 1983). The
differentiation of rat preadipocytes induced by MIX was inhibited in the presence of
NDGA (10 uM). MiIX-treated preadipocytes revealed no appreciable amount of
cytoplasmic lipid accumulation in the presence of NDGA compared to preadipocytes
treated with MIX alone. When assessed biochemically. a decrease in the G3PDH activity
was observed in NDGA treated cells (MIX: 333 + 102: MIX £ NDGA: 222 + 37 U.
Figure 13). Although the difference in the G3PDH values was not statistically
significant. the trend of lower G3PDH values in NDGA treated cells was found in all 7
repeats of the experiment. As expected. the addition of indomethacin (100 uM) to MIX
treated cells stimulated a 3-fold increase in G3PDH activity (MIX: 333 £ 102 vs
MIX+Ind: 1066 £ 102 U. Figure 13). This indomethacin-stimulated differentiation of
MIX treated preadipocytes was also significantly (P<0.05) reversed by NDGA (Figure
[3). suggesting that LOX products may be a positive regulators of rat preadipocyte

differentiation.

In contrast to inhibition observed in MIX conditions. NDGA stimulated
preadipocyte differentiation in the presence of ACM. The number of lipid accumulating
preadipocytes increased progressively in the presence of NDGA than in ACM alone. with
a simultaneous increase in the G3PDH activity (ACM: 99 £ 13: ACM+NDGA: 369 £ 139
U. Figure 14). Again the difference in the differentiation level of these two groups was
not statistically significant. but the trend of higher G3PDH activity in NDGA treated cells

was observed in all 5 repeats of the experiment. Furthermore. NDGA failed to inhibit
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differentiation augmented by high concentration of indomethacin (Figure 14).
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Figure 14. Effect of NDGA on ACM-induced preadipocyte differentiation.

The experimental protocol was same as described in the legend of Figure 13. except that
ACM was used as a control to induce preadipocyte differentiation. G3PDH activity was
measured on day 10 after seeding. The values are representative of means £ SEM of 5
separate sets of experiments. * denotes values that are significantly different compared to

control (ACM alone). P<0.05.
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6. DISCUSSION

Adipose cell differentiation is regulated by many yet unknown mechanisms.
Considering the close relationship of obesity with a broad spectrum of metabolic
disorders. elucidation of mechanisms underlying adipose tissue development would be of
tremendous benefit in developing the therapeutic strategies. With the emerging image of
adipocyte as a secretory cell. it is reasonable to think that adipocyte may regulate its own
environment. Evidence generated from our laboratory as well as from other investigators
for the paracrine interactions between the constituent cells of adipose tissues prompted us
to investigate the role of potential paracrine/autocrine factors in the regulation of adipose
tissue mass. Prostaglandins are one of many molecules known to be produced in adipose
tissue and are shown to influence adipose ceil differentiation. The role of prostaglandins
in the past has been addressed by using pharmacological prostaglandins. In this study.
we demonstrate for the first time that endogenously released prostaglandins in an adipose
tissue may function in both positive and negative manner in the development of adipocyte
lineage. We. herein. present evidence that in a given adipose tissue microenvironment.
prostaglandins produced and released by adipocytes may act as negative paracrine
modulators of precursor cell differentiation. whereas those synthesized and released by
the precursor cells (preadipocytes) may play a positive role in adipocyte development by

means of an autocrine mechanism.

Since the overall objective of this study was to understand the physiological
regulation of preadipocyte differentiation in vivo. the primary culture system was used.
Primary culture being close to in vivo conditions. offers the benefit of studying

physiological regulators of adipose development in vitro. However. when using



preadipocytes in primary culture. an important question is whether the isolated
preadipocytes are a homogenous population without being contaminated with endothelial
cells. The homogeneity of preadipocytes in our culture is justified with the observation
that over 90% of the cells developed into adipocytes in the presence of high
concentrations of indomethacin and prostaglandins such as PGI>. PGE> and PGJa.
Furthermore. the cells seemed to be homogenous without contamination with endothelial

cells when examined under microscope.

The paracrine effect was studied by culturing preadipocytes with medium
conditioned by adipocytes (ACM). ACM is shown by our laboratory to contain
differentiation-promoting factors released by adipocytes (Shillabeer er al. 1989). Our
finding that prostaglandins released by adipocytes in vitro may act to inhibit preadipocyte
differentiation in a paracrine fashion was supported by the following observations: 1)
suppression of prostaglandin synthesis in adipocytes with cyclooxygenase inhibitor.
indomethacin. resulted in a significant increase in preadipocyte differentiation suggesting
that in the absence of indomethacin. adipocytes may release prostaglandins that are
inhibitory for differentiation. 2) Adipocytes secreted PGI> and PGE> into ACM at
concentrations of 9 x 10- M and 1.25 x 10-10 M. respectively. These prostaglandins
were found to be stimulatory for differentiation. but the effective concentration (10-7 M)
was much higher than that released by adipocytes in the culture medium (Figure 11). Itis
likely that the concentration of PGE» and PGI> detected in ACM may be lower than the
actual concentration released by adipocytes in vivo. as adipocytes may utilize these
prostaglandins for other cell functions. However. a difference of more than 100-fold
between the concentrations released and those required for differentiation clearly
indicates that at physiological concentrations these prostaglandins cannot act as positive

modulators of adipocyte differentiation. 3) PGF1q. in contrast. inhibited preadipocyte



differentiation significantly (p < 0.05) at lower concentration (10-3M). suggesting that at
physiological level. the negative paracrine regulation may be due to the presence of
PGF2¢ in adipocytes. Although a direct release of PGFaq was not measured in this study.
the production of this prostaglandin in adipocytes has been previously reported (Negrel
and Ailhaud. 1981: Hopkin and Gorman. 1981: Mitchell er al, 1983). The presence of
inhibitory prostaglandins in rat adipocytes such as PGFaq, and the paracrine negative
control of precursor cell differentiation by these prostaglandins may represent a
physiological signal involved in maintaining cells as preadipocytes. A feed-back
mechanism in which prostaglandins synthesised by adipocytes inhibit an excessive
continuing increase of adipocyte numbers in adipose tissue may well be a physiological

phenomenon.

The anti-inflammatory drug indomethacin acts as a potent inhibitor of
prostaglandin synthesis in a wide variety of tissues (Smith and Lands. 1971: Richelsen.
1987) and for that reason has been used as a tool to evaluate the physiological role of
prostaglandins. However. in our experiment. indomethacin at high concentration (100
uM) stimulated preadipocyte differentiation considerably even under control conditions
(10% FBS). These results indicated that significant stimulation observed in
differentiation with indomethacin under MIX and ACM conditions may not be solely due
to the inhibition of inhibitory prostaglandin synthesis. While this dissertation was in
preparation. a study demonstrated indomethacin (100 uM) as a ligand for PPARy2. a
transcription factor involved in adipogenesis (Lehmann er al, 1997). Therefore. it was
quite possible that such an adipogenic activity of indomethacin had masked the effect of
blocking inhibitory prostaglandins. However. the effect of indomethacin on preadipocyte
differentiation did not appear to result from its adipogenic activity. when optimal

concentration (0.01 uM) was used to inhibit prostaglandin synthesis (Figure 8).
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Radioimmunoassays. in this study. revealed the production of PGI> (measured as
6-keto PGF|q) and PGE3 by adipocytes as measured by their release into ACM. The
ratio of 6-keto PGF|q formed versus PGE> (1.5 : 1) in ACM was in agreement with the
previous findings (Axelrod and Levine. 1981: Richelsen. 1987). Whether the
experimental manupulation of preadipocyte/adipocytes such as collagenase treatment.
induces any non-specific stimulation of prostaglandin formation in adipocytes is
presently unknown. However. the quantity of prostaglandin produced in our experiment
was comparable with the data from fat tissue (Christ and Nugteren. 1970). suggesting that
collagenase treatment might not have had an effect on prostaglandin synthesis.
Furthermore. inhibition by indomethacin of about 90% of the prostaglandins produced

eliminates the possibility of non-specific prostaglandin formation.

When we examined the direct effect of prostaglandins on differentiation. ¢PGI»
proved to be a stimulator of rat preadipocyte differentiation. However. higher
concentrations of PGI3 (210-7 M) were necessary to observe significant stimulation in rat
preadipocyte differentiation. These observations are in well agreement with previous
studies (Catalioto et al, 1991: Vassaux et al. 1994). The concentration required to obtain

a significant effect upon G3PDH expression for cPGI2 in these studies was 10-5 M.

Similarly. PGE; in this study stimulated rat preadipocyte differentiation. but again
the effective concentration for differentiation (210-7 M) was many fold greater than that
released by rat adipocytes in ACM (Figure 11). The effect of PGE2 on adipose
differentiation has been variously reported. Some of the previous studies have observed
an inhibitory effect of PGE> on clonal preadipocytes (Williams and Polakis. 1977:

Casimir et al. 1996). whereas Serrero’s group was unable to demonstrate any effect of
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PGE; (107 M) on differentiation of rat primary preadipocytes (Serrero et al. 1992a) and
1246 clonal preadipocytes (Serrero er al, 1992b). PGE-. in other cell types. is able to
operate through two different receptors. a stimulatory receptor coupled to Gg which is
involved in the activaticn of adenylate cyclase. and an inhibitory receptor coupled to G;
that is involved in the inhibition of adenylate cyclase (Smith, 1989). In rat preadipocytes.
only G; proteins have been reported to be present (Lu er a/. 1988). The stimulatory
response of PGEj observed in our experiment. however. suggests the presence of PGE»
receptors coupled to Gy proteins as well in preadipocytes. Moreover. PGE| has been
shown to bind with PGI» receptors in preadipocytes (Vassaux er al. 1992). So. it is quite
possible that in our case PGE» exerted its adipogenic effect via PGIa receptors. However.

the mechanism behind the apparent stimulatory effect of PGE> remains to be elucidated.

In the present study. addition of increasing concentrations of PGF»¢ to the culture
of rat adipocyte precursors resulted in inhibition of differentiation in a dose-dependent
manner. Similar effect of PGF:q has also been reported by Serrero's and Casimir's
groups (Serrero er al. 1992a: Serrero er al. 1992b: Casimir et al. 1996). PGFyq in these
studies (Serrero er al, 1992a and Casimir er al. 1996) inhibited differentiation of rat
preadipocytes and 3T3 L1 preadipocytes by 50% at subnanomolar concentrations (3 x 10"
9M and 0.4 nM. respectively). Some investigators. however. using Obl1771
preadipocytes have reported the reverse (Negrel er al, 1989: Catalioto er al, 1991). The
nature of this different effect of PGFag in Obi771 cells could be due either to a
difference in the cell line or to the culture conditions used. Moreover. these studies did
not examine the direct effect of PGF2¢ on adipocyte differentiation as PGF»o was always

added in the presence of cPGls. Although PGF2y was found to be a positive modulator
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of Obl1771 cell differentiation. it was previously reported to inhibit differentiation of the

cell line Ob17, from which Ob1771 cells are derived (Irvine. 1982).

Since the present study was also focused on determining the differentiation
promoting factor (adipogenic factor) released by rat adipocytes into ACM (Shillabeer et
al. 1989). it was postulated that PGI> may be the potential paracrine factor involved in the
development of adipocyte phenotype and hence contributing towards the adipogenic
activity of ACM. PGI> has been shown to be secreted in the interstitial fluid of rat
adipose tissue (Darimont ez al, 1994) and to stimulate differentiation of rat preadipocytes
in primary culture (Vassaux et al. 1994) and Ob1771 cells (Catalioto er al. 1991).
However. in light of our results. the ditferentiation-promoting activity of ACM can not be
ascribed to the presence of PGI>. ACM may contain both stimulatory (adipogenic factor)
as well as inhibitory factors. such as PGF>q and its ability to promote differentiation may
depend upon a balance between these two factors. Further studies are required to

characterize the adipogenic factor present in ACM.

In support of second part of my hypothesis. I have demonstrated that
prostaglandins produced by precursor cells (preadipocytes) act as positive modulators of
differentiation in an autocrine mode of action. The following observations account for
this finding. 1) Inhibition of prostaglandin synthesis in preadipocytes using optimal
concentration of indomethacin (0.01 uM) resulted in significant inhibition of
differentiation induced by both MIX and ACM. suggesting that in the absence of
indomethacin. preadipocytes may release prostaglandins that are stimulatory for
differentiation (Figure 8). 2) Preadipocytes released PGE2 and PGI> (prostaglandins
stimulatory for differentiation) in considerably greater amount into culture medium.

compared to adipocytes. The amount of PGE> and PGI> released by preadipocytes was

67



11- and 1.4-fold greater, respectively than those released by adipocytes. This suggests
that the collective production of these prostaglandins at physiological level may be
sufficient to increase the number of adipocytes from dormant preadipocytes by an
autocrine mechanism. Furthermore. PGFaq (prostaglandin found inhibitory for

differentiation) could not be detected in the culture medium of preadipocytes (Figure 9).

To our knowledge. this is the first study to report PGE> and PGI» release by rat
primary preadipocytes in vitro. Clonal preadipocytes such as Ob1771 (Negrel and
Ailhaud. 1981) and 3T3-L1 (Hyman er al. 1982) have been reported to produce and
secrete these prostaglandins in amounts comparable to our study. In vivo measurement of
prostaglandins in interstitial fluid of rat adipose tissue (Darimont er al, 1994) was unable
to identify the cellular source of these prostaglandins (preadipocytes. mature adipocytes
or endothelial cells). Chatzipanteli and coworkers (Chatzipanteli et al, 1992)
demonstrated that PGE» and PGI> production by rat adipose tissue required the
cooperation of adipocytes and endothelial cells. but did not measure prostaglandins
released by preadipocytes. Taken together. the synthesis of PGE> and PGI> by
preadipocytes in culture in considerably greater amounts compared to adipocytes
indicates that at physiological level these prostaglandins may act in concert to modulate

preadipocyte differentiation positively in an autocrine manner.

The present study also demonstrated the adipogenic effect of 15-deoxy-Al2.14-
prostaglandin J3 (15d-PGJ2) on primary rat preadipocyte differentiation. 15d-PGlJs.
which is a terminal metabolite of PGD» (Fitzpatrick and Wynalda. 1983: Kikawa er al.
1984). was recently shown to stimulate adipose conversion in stem cells through its

interaction with PPARy (Forman et al. 1995: Kliewer et al. 1995). Although
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physiological concentrations of 15-d PGJa have not been established. our results point to

a possible role for this metabolite of PGD» in adipose tissue development.

As discussed earlier, indomethacin at high concentration (100 uM) in this study
induced differentiation dramatically. The inhibition of cyclooxygenase pathway by
aspirin or indomethacin increased 12-HETE production in human platelets indicating that
arachidonate metabolized for prostaglandin production can be routed to the alternate
lipoxygenase pathway (Hamberg er al, 1974). We. thus examined the effect of
lipoxygenase metabolites on adipose cell differentiation. Our results by blocking
lipoxygenase pathway using either NDGA (inhibitor of LOX) alone. or in the presence of
indomethacin (100 uM) raise the possibility that lipoxygenase metabolites such as
leukotrienes or HETEs may be important paracrine regulators of adipose cell
differentiation. Recently. 8(s) HETE was shown to induce differentiation in 3T3-L1
fibroblasts (Yu er al. 1995). It will be of interest to consider that HETEs or leukotrienes
may play a crucial role in adipose cell regulation. particularly when inhibition of enzyme

cyclooxygenase provides an alternative pathway for eicosanoid biosynthesis.

In contrast to MIX conditions. the presence of NDGA in ACM conditions
stimulated ACM-induced preadipocyte differentiation. This contradictory effect of
NDGA observed in the presence of ACM. suggests that ACM induces differentiation by a
mechanism that may not involve these metabolites. It is also likely that different types of
HETES or leukotrienes are activated in the presence of ACM. Moreover. the presence of
agents such as IBMX. insulin and glucocorticoids at pharmacological concentrations in
MIX conditions may also differentially affect the synthesis of eicosanoids (Lewis and

Piper. 1978: Mitchell er al, 1983: Gaillard er al. 1991) and hence may lead to a
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mechanism that acts differently than ACM. Further work will be needed to study the
direct effect of these less studied arachidonate metabolites on paracrine regulation of

adipose tissue in both normal and pathophysiological conditions.

It would be relevant to take some considerations concerning the use of
indomethacin in detecting an effect of endogenous prostaglandins. At lower
concentrations, indomethacin blocks cyclooxygenase activity. However. at higher
concentrations. it may not only inhibit cyclooxygenase activity but also promote PPAR-
activated adipocyte differentiation (Lehmann ez al. 1977). In addition. indomethacin at
higher concentrations may shift the arachidonic acid metabolism from the
cyclooxygenase pathway to lipoxygenase pathway resulting in the production of

leukotrienes and HETEs.

In summary. the study has provided new insight into the proposed
paracrine/autocrine mechanism(s) of regulating adipose cell growth. The positive
autocrine regulation of adipose tissue by PGE> and PGI> may be important during the
growth and development of adipose tissue. whereas the paracrine negative control of
differentiation by inhibitory prostaglandins. such as PGF»o may be important to maintain
the pool of undifferentiated precursor cells. Whether this negative regulation can be
turned off when the need for differentiation arises and vice versa. would be the next

question of investigation.
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SUMMARY AND CONCLUSION

The study of factors and mechanisms involved in the regulation of adipose tissue
is important for the development of preventive and therapeutic strategies for obesity.
Many mechanisms have been proposed which may act alone or in concert to influence
adipose tissue development. Beyond the simple understanding that energy intake must
exceed energy expenditure. the precise mechanisms underlying the pathogenesis of
obesity remains unresolved. Studies from our laboratory and other investigators have
presented evidence for the role of paracrine factors in adipose tissue development. The
purpose of this study has been to extend our understanding of auocrine/paracrine
mechanisms involved in adipose tissue development. Adipocytes. in addition to serving a
site for the storage and release of triacyigiycerols. are known to secrete 4 number of
molecules that may be implicated in regulating adipose tissue. We investigated the
paracrine/autocrine role of prostaglandins. one of the molecules produced and released by
adipocytes/preadipocytes into the extracellular mileu. on precursor cell (preadipocyte)

differentiation.

The first objective of the study was to determine if prostaglandins released by
adipocytes and preadipocytes influence preadipocyte differentiation in a
paracrine/autocrine manner. Cells derived from the epididvmal and retroperitoneal
adipose tissue of male Sprague-Dawley rats were used to study adipose cell
differentiation. To determine the paracrine role of prostaglandins released by adipocytes
in the differentiation of preadipocytes. test preadipocytes were cultured with medium
conditioned by adipocytes (ACM) collected in the presence of indomethacin. an inhibitor

of cyclooxygenase (ACM+I). To determine the autocrine role of prostaglandins. test
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preadipocytes were exposed to indomethacin in the presence of standard differentiation
mixture: MIX (MIX+I) and ACM (ACM+la). Preadipocytes exposed to ACM containing
indomethacin at the time of collection revealed significantly greater differentiation (p <
0.05) compared to ACM and ACM to which indomethacin was added after its collection.
suggesting that adipocytes may release prostaglandins that negatively modulate the extent
of differentiation. In contrast. preadipocytes induced to differentiate under ACM+Ia and
MIX+I conditions showed significant reduction in differentiation (p< 0.05) compared to
their respective controls. These results suggested that in the absence of prostaglandin
synthesis inhibitor. preadipocytes may release prostaglandins that stimulate

differentiation in an autocrine mode of action.

The second objective was to determine the production and release of
prostaglandins by adipocytes and preadipocytes. Preadipocytes and adipocytes were both
found to release PGE3 and PGI; into culture medium. However. Preadipocytes released
considerably greater amount of PGE» (11-fold) and PGI> (1.4-fold) in culture medium

compared to adipocytes.

The third objective was to determine if the amount of released prostaglandins was
sufficient to induce the effect observed in the presence of indomethacin. Test
preadipocytes were exposed to exogenous prostaglandins (PGE>. PGI,. 15-d PGJ> and
PGF2q) in concentrations between physiological (10-10 M) and pharmacological (10- 6M)
ranges. Although exogenous PGE> and PGI; stimulated preadipocyte differention. the
effective concentration (= 10-7 M) was much higher than the concentration found in the
culture medium of adipocytes. The concentration of PGI> and PGE> in culture medium
of adipocytes was found to be 9 x 10-9 M and 1.25 x10-2 M. respectively. At

concentrations below 10-7 M. PGE; and PGI» did not influence preadipocyte
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differentiation. PGF2g, in contrast. inhibited preadipocyte differentiation significantly (p
< 0.05) at a lower concentration (10-8 M). These results suggested that in physiological
conditions, adipocytes may release insufficient amounts of PGE> and PGI- to stimulate
preadipocyte differentiation. The negative paracrine regulation observed in the presence
of indomethacin may be due to the presence of PGFaqy in adipocytes. A considerably
larger secretion of PGE> and PGI» by preadipocytes may be sufficient to stimulate

differentiation in an autocrine manner.

The present study also investigated the involvement of arachidonic acid
metabolites produced via the lipoxygenase pathway. Treatment of preadipocytes with a
lipoxygenase inhibitor. nordihydroguaiaretic acid (NDGA). inhibited adipose conversion
induced by MIX. Addition of indomethacin (100 uM) significantly augmented MIX-
induced differentiation which was also inhibited by NDGA. In contrast. addition of
NDGA to ACM stimulated ACM-induced differentiation. NDGA also failed to inhibit
the increased differentiation induced by ACM in the presence of indomethacin. These
findings suggested the involvement of stimulatory lipoxygenase products in MIX-
induced differentiation and inhibitory lipoxygenase products in ACM-induced

differentiation.

In conclusion. this work extended our understanding of the cellular mechanisms

which may play important roles in the development of adipose tissue. specifically:

1. Prostaglandins produced and released by adipocytes in the adipose tissue
microenvironment may act to inhibit precursor cell differentiation. This negative
paracrine control of differentiation by inhibitory prostaglandins of adipocytes.

such as PGF2¢. may be important to maintain the pool of undifferentiated
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precursor cells in normal and pathophysiological conditions of adipose tissue

growth and development.

Precursor cells may release sufficient amounts of PGE> and PGI» into the
extracellular matrix to modulate their differentiation positively by an autocrine
mode of action. This positive autocrine regulation may be important during times

requiring the growth and development of adipose tissue.

Arachidonate metabolites oxidized via the lipoxygenase pathway may contribute
towards the growth and development of adipose tissue. The action and
mechanisms underlying the function of these products. however. remain to be

seen.
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FUTURE DIRECTIONS

Although this study attempted to address many questions. many more have arisen.
Further studies described below should provide further insight into mechanisms

underlying adipose tissue growth and development.

By using exogenous 15-deoxy Al2.15 PGJs (15-d PGJ2) we have shown that this
prostaglandin at micromolar concentrations may play a positive role in adipose
conversion. But is this prostaglandin present in sufficient concentration in vivo to serve
as a stimulator of precursor cell differentiation? The production or presence of this
prostaglandin in adipocytes or preadipocytes. at present. is unknown. Once the
production and release of this prostaglandin in adipose tissue is determined. the
physiological relevance of its action in adipose tissue growth and development could be

established.

Most prostaglandins are known to mediate their response through interaction with
cell-surface receptors. However. 15-d PGJ> is shown to stimulate preadipocyte
differentiation by binding to a nuclear receptor (Kliewer ef al. 1995: Forman et al. 1995).
The transfer system of PGJ from cytosol to nucleus in L-1210 murine leukemia cells has
been reported (Narumiya et al. 1986). Understanding the conditions in which PGJ> taken
up by cells is transferred to cell nuclet in adipose-cell system may reveal a novel

mechanism of adipose conversion by this prostagiandin.

Strong evidence for the role of arachidonate metabolites through the lipoxygenase

pathway in adipose-cell regulation can be obtained from studies of the direct effect of



these products on adipocyte growth and development. Once their role in
differentiation/proliferation is determined. understanding the mechanism of their action
could be the next possible direction in delineating the mechanisms underlyving adipose

tissue growth and development.
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