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Summary 
An extracellular matrix surface enhances s-v cell prolifera- 

tion and inhibits preadipocyte differentiation. Dexametha- 
sone, however, can induce preadipocyte differentiation in 
cultures in ECM dishes. The mechanism(s) of the ECM 
inhibitory influence need to be elucidated. TGF-P inhibits and 
IGF-1 enhances preadipocyte differentiation but both growth 
factors enhance s-v cell profliferation. The function of endog- 
enous TGF-p and IGF-1 is unknown but GH enhances and 
Dex and TGF-p suppress endogenous IGF-1 production. 
The involvement of prostaglandins in preadipocyte develop- 
ment is unresolved and may depend on the particular 
prostaglandin evaluated. Endogenous PGE-2 levels in s-v 
cultures are suppressed by Dex, suggesting that PGE-2 may 
inhibit differentiation. Glucocorticoids, insulin, the thyroid 
hormones and IGF-2 enhance whereas TNFa suppresses 
preadipocyte differentiation. The role of GH is less clear but it 
inhibits preadipocyte development in vitro (s-v cultures) and 
probably does so in vivo. GH inhibits lipid filling but does not 
influence Dex-induced cytodifferentiation in porcine s-v CUI- 
tures. A number of genes are expressed during adipocyte 
differentiation and they are modulated by a variety of hor- 
mones at the transcriptional level. Nuclear proteins like Fos 
may influence adipocyte differentiation by binding specific 
elements of adipocyte genes. Thus, there are a number of 
potential sites of invervention in the preadipocyte develop- 
mental program. Continued basic research in this area is 
essential to eventually achieve a significant reduction in the 
lipid content of the meat animal carcass. 

Introduction 
The reduction of adipose tissue per se in meat animals 

would be desirable with regard to efficiency and quality of 
animal production. Therefore, the study of adipose tissue 
development would provide the fundamental information 
necessary to develop logical schemes designed to manipu- 
late fat deposition. The proliferation and differentiation of 
adipocyte precursor cells or “preadipocytes” has been in- 
tensely studied in primary cultures of adipose tissue stromal- 
vascular (s-v) cells from man, lab animals and recently the 
pig (Hausman et al., 1989). In experiments with cultured 
cells, the media composition and other external conditions 
are precisely controlled which permits definitive studies of 
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the endocrine and autocrine/paracrine aspects of adipocyte 
development (Ailhaud et al., 1989; Hausman et al., 1989). 
This methodology can also be used to examine genetic 
properties of preadipocytes and to expedite identification of 
developmentally important molecules. For instance, studies 
of subcultures of primary s-v cells alone or hybridized with 
renal adenocarcinoma cells have demonstrated putative ge- 
netic defects in preadipocytes from obese humans (Roncari 
et al., 1986; LeBlanc et al., 1988). Studies in our laboratory 
have utilized preadipocyte cell cultures to screen for develop- 
mentally regulated adipocyte cell surface proteins (Wright 
and Hausman, 1990b). Finally, preadipocyte cultures can be 
used to isolate complementary DNA (cDNA) clones that 
correspond to messenger RNA (mRNAs) which are specifi- 
cally induced during differentiation. Ultimately, new gene 
products of the differentiated cell can be identified as illus- 
trated by the discovery of adipsin which is a serine protease 
homolog and is synthesized in adipocytes and sciatic nerve 
cells (Cook et al., 1987). The significance of the adipsin 
discovery is illustrated by the recent demonstration that 
genetic obesity is associated with reduced adipsin mRNA 
levels in adipose tissue (Flier et al., 1987). Collectively, these 
observations demonstrate the utility of preadipocyte culture 
experiments. 

However, cell culture data should be put in perspective by 
conducting correlary “in vivo” studies when possible. We 
have utilized fetal pig adipose tissue as a model “in vivo” 
system to study preadipocyte proliferation and differentiation 
(Hausman, 1987). The influence of genetic obesity, 
hypophysectomy and maternal diabetes on fetal develop- 
ment has been evaluated with regard to the endocrine and 
metabolite status of the serum and the cellular and metabolic 
development of adipose tissue (Hausman et al., 1986). Fur- 
thermore, preadipocyte cultures have been used to deter- 
mine the adipogenic potenital of sera from experimental 
fetuses (Jewel1 et al., 1988; Jewel1 et al., 1989; Ramsay et 
al., 1987). Collectively, these studies indicate that growth 
hormone antagonizes fat cell hypertrophy whereas insulin- 
like growth factor-1 (IGF-1) and the thyroid hormones may 
augment preadipocyte growth. We are currently using s-v 
cultures (adipose tissue) from experimental fetuses to further 
examine these possibilities. 

Extracellular Matrix (ECM) Glycoproteins 
and Adipocyte Development 

Extracellular matrices include basement membranes (bm) 
found around many cell types and normally in close associ- 
ation with the cells that produced and secreted the bm 
material (Timpl, 1989). Since one function of basement mem- 
branes is to modulate or control cell phenotype (Martin and 
Timpl, 1987; Timpl and Dziadek, 1986; Timpl, 1989) we have 
examined the relationship between ECM components and 
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adipocytes in vivo and in vitro (Hausman and Richardson, 
1982; Richardson et al., 1986; Richardson et al., 1988). 
Fibronectin is an extracellular matrix glycoprotein that can 
markedly influence adipocyte differentiation of 3T3 
preadipocytes (a cell line; Spiegelman and Ginty, 1983). 
Coating culture vessels with fibronectin or adding it to culture 
media did not influence any developmental aspect of rat s-v 
cells in primary cultures (Richardson et al., 1986; Richardson 
et al., 1988). However, a hydrated collagen-gel (HCG) inhib- 
ited adipocyte differentiation compared to a dried collagen- 
gel (DCG) in rat s-v (primary) cultures (Richardson et al., 
1988). 

Furthermore, fetal bovine serum increased adipocyte dif- 
ferentiation in a concentration dependent manner only with a 
dried denatured collagen gel substrate, not HCG and DCG 
(Richardson et al., 1988). These studies illustrate the singu- 
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lar impact that extracellular matrices can have on expression 
of the adipocyte phenotype. Recently, we have used culture 
dishes coated with extracellular matrix (ECM; Accurate 
Chemical & Scientific Corp., Westbury, NY) in efforts to plate 
and grow pig s-v cultures in serum-free conditions. Cells (pig 
s-v) were plated serum free for three days (0-3) and then 
either switched to pig serum (PS) or maintained serum free 
for an additional three days in ECM or control dishes. Re- 
gardless of media composition, the ECM surface severely 
reduced adipocyte differentiation (Figure 1) and markedly 
enhanced total cell proliferation (Figure 1). The induced cell 
growth per se could possibly account for the inhibitory effect 
of ECM on adipocyte differentiation. Therefore we attempted 
to induce differentiation with dexamethasone (DEX) and 
insulin in serum-free (s-v) cultures on ECM since DEX is 
effective in sparse and dense cultures (Hentges and 
Hausman, 1989). Differentiation was induced (DEX + insu- 
lin) in the low-density areas of cultures on ECM but not in the 
densest areas (majority of the dish; Figure 2). Therefore, the 

Figure 2 
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The influence of an extracellular matrix (ECM) surface on adipocyte 
(arrowheads) development in primary porcine s-v cultures. Cultures 
(A,B) were established ( I O 4  cellsi35 mm dish) and maintained in 
basal media plus insulin, transferrin and selenium (ITS) from day 0-3 
and then switched and maintained on 2% pig serum from day 3-6 
followed by fixing and staining for lipid (oil red 0) and nuclei 
(hematoxylin). Cultures on the ECM surface (A) had fewer 
adipocytes (arrowheads) and more total cells (i.e. ridges etc.) than 
did cultures on a normal surface (B). In another experiment, similar 
results were obtained despite the complete absence of serum from 
day 0-6. Adipocytes were counted, averaged per dish and the results 
combined from both experiments (serum d 3-6; no serum d 0-6). Fat 
cell number (means t SEM) for ECM dishes 124 f 24 and for 
normal dishes 784 2 62. A,B X 12. 
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The influence of dexamethasone (Dex) on ECM (surface) culture 
dishes. After plating and growth in fetal calf serum (day 0-3), cultures 
on ECM dishes were switched to serum-free media with (10nM) (B) 
and without Dex (A). After two days ( 2  Dex), cultures were switched 
and maintained in serum-free media (1pM insulin) from day 5-11 
followed by fixation and staining for lipid and nuclei. Pre-treatment 
with Dex did enhance differentiation in ECM dishes (B). Note the 
higher number of fat cell clusters (arrowheads) in Dex pre-treated 
ECM dishes (B) than in ECM dishes not pre-treated (A). A "Dex" 
effect was not observed in areas of ECM dishes denser than those 
shown in A and B. A,B X 12. 
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inhibitory effect of ECM on differentiation could be overcome 
by DEX and insulin whereas the enhancement of cell prolif- 
eration by ECM (relative to controls) was considerable with 
all culture media tested. Similar experiments with “Primaria” 
culture dishes (Becton Dickinson and Company, Lincoln 
Park, NJ) failed to show an effect on proliferation and differ- 
entiation of pig s-v cells. “Primaria” dishes are designed and 
manufactured to provide a surface chemistry similar to that 
for ECM and common coating materials. Cultures on 
fibronectin coated dishes (Collaborative Research Corp., 
Bedford, MA) and cultures on control dishes (no coating) 
were identical with regard to proliferation and 
cytodifferentiation when treated as in ECM experiments. 
Further studies are needed to identify the inhibitory mecha- 
nism(s) elicited by ECM to allow definitive studies involving 
genetic manipulation. 

Autocrine/Paracrine Control 
Transforming Growth Factor-p 

Transforming growth factor-p (TGF-p) can modulate cell 
proliferation, differentiation and other cellular functions 
(Sporn et al., 1987; Roberts and Sporn, 1988; Lyons and 
Moses, 1990; Hsuan, 1989) whether cell growth is anchor- 
age dependent or anchorage independent. The literature on 
TGF-p is fast expanding with regard to cell development and 
a prevailing hypothesis is that regulation of ECM composition 
and abundance is the means by which TGF-p affects cell 
differentiation (Massague, 1987; Roberts and Sporn, 1988). 
Indeed, a recent study has shown that TGF-p inhibits 
adrenocortical cell function in culture while markedly increas- 
ing fibronectin (an ECM glycoprotein) synthesis and assem- 
bly (Williams and Allen-Hoffmann, 1990). 

Since TGF-p inhibited adipocyte differentiation of 
preadipocyte cell lines (Ignotz and Massague, 1985; Sparks 
and Scott, 1986) we evaluated the influence of TGF-p on 
porcine adipocyte differentiation in vivo and in vitro (Richard- 
son et al., 1989). Fetal adipocytes stained positively for 
immunoreactive TGF-p in sections from 70 day and older 
fetuses (Richardson et al., 1989). Staining for TGF-p in fetal 
sections was restricted to developing adipocytes as revealed 
by light and electron microscopy. In a dose-dependent man- 
ner, TGF-p inhibited adipocyte differentiation in primary cul- 
tures (s-v) with half-maximal inhibition at 3 pica molar (pm) 
(Richardson et al., 1989). In association with inhibition of 
adipocyte differentiation, TGF-p markedly stimulates total 
cell proliferation and reduces the secretion of immuno- 
reactive insulin-like growth factor-1 (IGF-1) into the culture 
media of primary s-v cultures (Richardson et al., 1990). In 
attempts to determine if the inhibitory influence of TGF-p is 
dependent on enhanced proliferation or presence of serum, 
we utilized serum-free cultures (Hausman et al., 1989). Two 
days of exposure to 10nM Dexamethasone (DEX) doubles 
fat cell cluster number in cultures subsequently exposed to 
insulin (1 km) for 4-5 days (Figure 3). The potentiating effect 
of DEX pretreatment is abolished if TGF-p (100pm) and DEX 
are used together to pretreat before switching to insulin 
(Figure 3). Using IGF-1 and DEX together during 
pretreatment did not alter the potentiation of insulin action by 
DEX (Figure 3). Therefore, TGF-p inhibition in this instance 
was not dependent on serum or cell proliferation since, as 
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Figure 3 

I T S  +DEX +DEX +TGFB rDEX +IGF-1 

The influence of transforming growth factor-p (TGF-p) and IGF-1 on 
dexamethasone (Dex) induced preadipocyte differentiation in serum- 
free porcine S-V cultures. After three days in fetal calf serum (day 0- 
3), cultures were switched to serum-free media with either no Dex 
(ITS), 10 nM Dex (+  Dex), Dex and 100 pm TGF-P ( f  Dex + TGF- 
p) or Dex and 10 nM IGF-1 ( +  Dex + IGF-1) for two days (day 3-5). 
All cultures were then switched and maintained in media containing 
insulin (1 wM), transferrin and selenium (ITS) for six days (day 5-1 1). 
Cultures were then fixed and stained for lipid and nuclei. Fat cell 
clusters were counted in the major portion of each of three 35 mm 
dishes per treatment and the means 5 SEM are presented here. 
Note that Dex pre-treatment enhances fat cell development in ITS 
cultures and TGF-p essentially abolishes this Dex effect. However, 
IGF-1 is without effect on Dex-enhanced preadipocyte development. 
Therefore, TGF-p effectively inhibited the significant Dex enhance- 
ment of preadipocyte development while not affecting basal levels of 
differentiation. 

expected, there was little to no proliferation in these (serum 
free) conditions. 

A monoclonal antibody (designated AD-1) produced in our 
laboratory identifies a surface antigen expressed by porcine 
adipocytes throughout development (Wright and Hausman, 
1990a,b). Reactivity for AD-1 is detectable prior to lipid 
deposition on preadipocytes in s-v cultures and in presump- 
tive adipose tissue (Wright and Hausman, 1990a,b). Expres- 
sion of the AD-1 antigen was analyzed by flow cytometry of 
cells harvested from s-v cultures maintained (3-4 days) in 
differentiation medium with or without growth (GH), tumor 
necrosis factor-a (TNF-a) and TGF-p (Wright and Hausman, 
199Oc; Figures 4,5). All three threatments (GH, TNF-(Y TGF- 
p) reduced the number of fat cells (lipid stained) to less than 
30% of the number in differentiation media alone (control) 
(Wright and Hausman, 1990~). Treatment with TGF-P re- 
duced the number of AD-1 positive cells to 14% of the 
number in control medium while GH had no effect on AD-1 
reactivity (Wright and Hausman, 199Oc; Figure 5). Flow 
cytometry of unstained cells showed that TGF-p markedly 
increased cell size while GH and TNF-a had no effect on cell 
size (Figure 4). In summary, TGF-p may inhibit porcine 
adipocyte differentiation by altering surface antigen expres- 
sion and cell shape or possibly through enhanced expression 
of ECM components as has been observed for other cell 
types (Massague, 1987; Roberts and Sporn, 1988). The 
latter possibility is supported by the fact that s-v cultures on 
ECM dishes and s-v cultures exposed to TGF-p both show 
depressed levels of adipocyte differentiation and enhanced 
rates of proliferation. Finally, the TGF-p present in fetal 
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Flow cytometric analysis of porcine preadiopcytes. Stromal-vascular 
cells from one week-old pig dorsal subcutaneous adipose tissues 
were cultured for three days in a differentiation medium with and 
without growth hormone (GH), tumor necrosis factor-Alpha (TNF-a) 
or transforming growth factor-Beta (TGF-p). The cells were har- 
vested and analyzed by fluorescence activated flow cytometry for 
antigen expression using the AD-1 monoclonal antibody (A,B) and 
cell size versus granularity distribution (C,D). A representative profile 
of cells grown in differentiation medium alone stained with a negative 
control antibody is shown in Panel A, and cells grown in differenti- 
ation medium alone stained with AD-1 monoclonal antibody is shown 
in Panel B (results using the various growth factors are summarized 
in Figure 5). Cell size versus granularity profiles were the same for 
cells grown in differentiation medium alone or in medium 
supplemented with GH or TNF-cx (Panel C; shown is a representative 
profile of cells from growth hormone-treated cells). In contrast, TGF- 
p produced a prominent increase in cell size (Panel D). 

adipocytes may elicit similar alterations but little is known 
about endogenous TGF-p (Roberts and Sporn, 1988; Lyons 
and Moses, 1990), precluding further speculation. 

Insulin-Like Growth Factor-1 

Insulin-like growth factor-1 stimulates growth of a number 
of cell types and is produced and secreted by a variety of 
tissue, organs and cells (Steele and Elsasser, 1989; 
D’Ercole, 1987). The role of IGF-1 as an endocrine regulator 
of adipocyte development has been reviewed (Ailhaud et al., 
1989; Hausman, 1989) and studies collectively indicate that 
IGF-1 can stimulate preadipocyte proliferation and differenti- 
ation with or without serum in the medium. Recent studies of 
sera from hypophysectomized (hypox) fetal pigs showed that 
depressed sera IGF-1 levels were associated with a lower 
capability of sera from hypox fetuses to promote 
preadipocyte growth in porcine s-v cultures (Jewel1 et al., 
1989). Therefore, the reduced number of adipocytes in hypox 

was enhanced by IGF-1 supplementation (Ramsay et al., 
1989). This morphological observation, coupled with the fact 
that enzyme activities were not elevated when cultures were 
treated (IGF-1) before confluence (dl-5), suggested that 
IGF-1 may enhance postconfluent mitosis of preadipocytes 
(Ramsay et al., 1989). This conclusion is consistent with the 
proposed role of IGF-1 during adipocyte differentiation in 
preadipocyte cell lines (Hausman, 1989). Therefore, IGF-1 
may be a positive regulator of porcine adipocyte develop- 
ment; however, the regulation of local IGF-1 production and 
the subsequent effects on adipocyte development has re- 
ceived little attention. 

We have examined human growth hormone (hGH) regu- 
lation of differentiation and IGF-1 secretion, RNA expression 
and binding protein activity in porcine s-v cultures (Gaskins et 
al., 1990). Specific binding of hGH to cultured s-v cells was 
demonstrated and adipocyte differentiation was inhibited by 
physiological levels of hGH (Gaskins et al., 1990). Relative to 
control cultures (no hGH), hGH acutely regulated IGF-1 
mRNA levels and resulted in a 2-fold increase in 
immunoreactive (iIGF-1) in conditional media (Gaskins et al., 
1990). Levels of iIGF-1 were elevated by hGH in s-v cultures 
derived from fetal (75 days) and postnatal animals whereas 
IGF binding protein activity was increased by hGH only in 
fetal cultures (Gaskins et al., 1990). Therefore, porcine s-v 
cells produce IGF-1 in response to GH as do a number of 
other cell types (D‘Ercole, 1987). Cytochemical data demon- 
strated that iIGF-1 was present in s-v cells with and without 
lipid, suggesting that IGF-1 expression is an early event in 
porcine preadipocyte differentiation (Gaskins et al., 1990). 

A short exposure (48 hours) to DEX reduced the levels of 
ilGF-1 and IGF-1 mRNA in porcine s-v cultures grown in fetal 
calf serum (Gaskins et al., 1990b). This transient exposure to 
DEX also induced adipocyte differentiation (Gaskins et al., 
1990b) as reported in another study (Hentges and Hausman, 
1989). DEX and cortisol also reduced IGF-1 mRNA expres- 
sion or IGF-1 production (in vivo and in vitro) in several tissue 
or cell types (Adamo et al., 1988; Luo and Murphy, 1989; 
McCarthy et al., 1990). 

Therefore, DEX enhances differentiation and suppresses 
IGF-1 production whereas GH suppresses differentiation and 
enhances IGF-1 production, which indicates that IGF-1 may 
block differentiation. Since IGF-1 enhances proliferation of 
many cell types (D’Ercole, 1987) including rat preadipocytes 
(Ramsay et al., 1989), it is possible that this mitogenic 
pressure (IGF-1) may antagonize differentiation. The ability 
of growth factors (FGF etc.) to block differentiation without 
altering proliferation has also been demonstrated (Lathrop et 
al., 1985; Ringold et al., 1988). The latter possibility is more 
likely since cell proliferation was not affected in the DEX 
experiments. Regardless, the function of endogenous IGF-1 
in preadipocyte development is unknown and in need of 
study. Since exogenous IGF-1 did not block Dex-induced 
cytodifferentiation, endogenous and exogenous IGF-1 s may 
have different functions. 

fetuses (Hausman et al., 1987) could be attributable to lower Prostaglandins 
sera IGF-1 levels. Furthermore, physiological levels of IGF-1 
increased total cell proliferation and levels of several Prostaglandins are locally produced hormones that modu- 
lipogenic enzymes (2-3 fold) in serum supplemented porcine late cell growth and metabolism (Sammuelsson et al., 1978). 
s-v cultures (Ramsay et al., 1989a). Although fat cell cluster The major prostaglandin synthesized by adipocytes is 
number was not affected, the number of fat cells per cluster prostaglandin E, (PGE,; Rudland et al., 1984) which is a 
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potent inhibitor of lipolysis (Curtis-Prior, 1989). Studies of 
prostaglandins in preadipocyte development have produced 
inconclusive results (Hausman et al., 1989). The response to 
exogenous prostaglandin is dependent on the degree of 
adipocyte development but the induction of differentiation in 
a preadipocyte cell line by Dex is associated with decreased 
synthesis of PGE, (Ringold, et al., 1988; Hausman et al., 
1989). Similarly, Dex-induced differentiation in porcine s-v 
cultures was associated with decreased PGE, levels in con- 
ditioned media (Gaskins et al., 1990b). Furthermore, s-v 
cultures from obese rats (Zucker) secreted less PGE, into 
media than did s-v cultures from lean rats (Gaskins et al., 
1989). Therefore, locally produced PGE, may have an inhibi- 
tory influence on adipocyte differentiation. 

The means by which PGE, could exert an inhibitory 
influence is not readily apparent from current literature. For 
instance, exogenous PGE, inhibited lung fibroblast prolifera- 
tion in vitro (Fine and Goldstein, 1987) whereas PGE, stimu- 
lated cyclic AMP (CAMP) accumulation which in turn 
potentiated interleukin 1 stimulated proliferation of swiss 3T3 
fibroblasts (Burch et al., 1989). The results of the later study 
are consistent with results of recent studies that emphasized 
the role of a prostaglandin precursor, arachidonic acid in 
controlling cAMP concentrations in preadipocytes (Gaillard et 
al., 1989; Negrel et al., 1989). In these studies, exogenous 
PGF,, and PGI, increased cAMP concentrations which re- 
sulted in stimulation of postconfluent mitosis, leading to 
greater lipogenic enzyme activities of preadipocyte cultures 
(Negrel et al., 1989). If the secretion of PGE, is indicative of 
secretion of other prostaglandins like PGI, and PGF,, then 
Dex addition to confluent s-v cultures would remove 
“adipogenic factors” (PGF,,, PGI,) and antagonize differenti- 
ation. Since Dex consistently enhances cytodifferentiation in 
confluent s-v and preadipocyte (cell lines) cultures (Hausman 
et al., 1989), the role of prostaglandins in preadipocyte 
development is clearly not resolved. However, recent studies 
indicate that PGE, can modulate the effects of TGF-p and 
insulin on collagen formation by fibroblasts (Fine et al., 
1989). Therefore, PGE, may antagonize the effects of insulin 
on differentiation. Serum-free studies support this sugges- 
tion since Dex reduces PGE, levels and clearly potentiates 
the effect of insulin (Hausman, G.J., 1990, unpublished 
observation). The influence of other locally produced factors 
that influence adipogenesis is reviewed elsewhere (Serrero, 
1986; Hausman, et al., 1989; Ringold et al., 1988). Several 
groups have successfully identified mitogenic (Lau et al., 
1987) and differentiation (Shillabeer et at., 1989) factors 
emanating from rat preadipocytes and adipocytes, respec- 
tively. There is no comparable research on adipose tissue of 
meat animals. 

Endocrine Control 

Hormones directly or indirectly under pituitary control and 
insulin have been extensively studied with regard to modula- 
tion of preadipocyte development (Ramsay et al., 1989b; 
Hausman, 1989; Hausman, et al., 1989; Hentges and 
Hausman, 1989; Ailhaud et al., 1989). Briefly, the thyroid 
hormones, glucocorticoids, insulin and IGF-1 enhance 
preadipocyte differentiation whereas preadipocyte prolifera- 
tion is enhanced by IGF-1, the thyroid hormones and insulin 
but not by glucocorticoids. In one study, the mitogenic effects 

of IGF-1 and the thyroid hormones (in s-v cultures) were not 
specific for preadipocytes since proliferation of non-differenti- 
ated cells responded similarly (Ramsay et al., 1989b). To 
date, no major hormone has been identified as a mitogen 
specific for preadipocytes in studies of s-v cultures. 

Growth Hormone 

Without question, the role of GH in preadipocyte develop- 
ment is both controversial and unresolved (Hausman and 
Martin, 1989; Hausman et al., 1989; Ailhaud et al., 1989). 
Studies of two preadipocyte cell lines, i.e. 3T3 F442A and ob 
17, demonstrate a positive influence of GH on differentiation 
at the molecular level. However, studies of s-v cultures either 
show no influence of GH or an inhibition of preadipocyte lipid 
filling and differentiation. In particular, serum-free studies of 
porcine s-v cell cultures showed that physiological levels of 
GH markedly reduced the size and number of fat cell clusters 
and lipogenic enzyme activity (Hausman and Martin, 1989). 
That GH antagonizes lipid deposition was also indicated by 
endocrine studies and studies of adipose cellularity and 
metabolism of two types of experimental pig fetuses and pre- 
obese fetuses (see review, Hausman et al., 1986). The 
controversy regarding GH and preadipocyte differentiation 
could be attributable to differences in the intrinsic character- 
istics of s-v cells and preadipocyte cell lines (3T3; obil7). For 
instance, cell lines (3T3/ob17) are more embryonic than s-v 
cells and in pre-confluent cultures 3T3 or ob/l7 cells would 
be more undifferentiated than s-v cells. The capability of s-v 
cells to attach and spread and stay attached for several days 
without serum on uncoated dishes is evidence of a differenti- 
ated state (Richardson et al., 1988). Furthermore, pre-con- 
fluent s-v cells never exposed to serum respond as expected 
to major hormones, further demonstrating differentiation 
(Hausman 1990, unpublished observations). Therefore, a 
differential response by s-v cells and preadipocytes (cell 
lines) to GH and other agents may be expected since s-v 
cells may be refractory to some differentiation signals. Con- 

Figure 5 

C CH TNF TGF 

Effect of growth hormone, tumor necrosis factor-Alpha and trans- 
forming growth factor-Beta on expression of an adipocyte cell sur- 
face antigen by cultured stromal-vascular cells. Summary of data 
obtained by fluorescence activated flow cytometry in four separate 
experiments described in Figure 4. GH did not affect AD-1 antigen 
expression, whereas TNF-a and TGF-P each reduced the number of 
cells expression detectable levels of the antigen to 23% and 8%, 
respectively, of values obtained in differentiation medium alone. 
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versely, the GH response observed in 3T3 and obi17 cell 
lines may be peculiar to these lines since there are no 
supportive in-vivo studies (Hausman et al., 1989). 

Figure 7 

1 
Growth Hormone and Dexamethasone 

Given the interest in delineating the mode of action of GH 
as a repartitioning agent (Boyd and Bauman 1989; Etherton 
et al., 1989), we have examined the effects of Dex and 
triiodothyronine (T3) on GH action in serum-free s-v cultures. 
Theoretically, the effect of GH on differentiation may be 
compromised by Dex and T, since these hormones 
(Hausman, 1989) potentiate and GH antagonizes insulin 
action (Hausman and Martin, 1989) in (serum-free) porcine 
s-v cultures. In fact, the effectiveness of GH was antagonized 
by Dex with regard to reduced glycerol phosphate 
dehydrogenase activity (GPDH, Figure 6). However, the ca- 
pability of GH to reduce fat cell cluster number and size was 
not affected by Dex (Figure 7). Therefore, Dex enhanced 
GPDH activity but not lipid deposition in the presence of GH 
(Figures 6,7). This discrepancy between enzyme biochemis- 
try and morphology was resolved when enzyme 
cytochemistry demonstrated a Dex-stimulated increase in 
esterase reactive cells in the presence of GH (Hausman, 
1990, unpublished observations). Therefore, Dex stimulates 
cytodifferentiation despite the depression of lipid deposition. 
The presence of T, did not affect the morphological and 
biochemical alterations induced by GH (as did Dex) in s-v 
cultures. Finally, despite the capability to inhibit lipid deposi- 
tion, GH ( f  Dex) did not affect AD-1 (cell surface marker) 
expression and cell shape (as did TGF-P) when analyzed by 
flow cytometry (Figures 4,5). Therefore, these collective ob- 
servations indicate that the marked inhibition of lipid deposi- 

Figure 6 

I T S  ITSIGH +lnM DEX +lOnM DEX +100nY DEX 

The potentiation of insulin action by Dexamethasone (Dex) in the 
presence of lOnM human growth hormone (GH) in serum-free 
porcine s-v cultures. After three days (day 0-3) in fetal calf serum, 
cultures were switched to insulin (1 FM), transferrin (T) and selenium 
(S) alone or ITS plus GH * various Dex concentrations from day 3-9. 
Cultures (35 mm dishes) were then harvested and freeze-thawed 
supernatants were prepared and assayed for glycerol phosphate 
dehydrogenous activity (GPDH) and protein content. The specific 
activity of GPDH is presented and is indicative of preadipocyte 
differentiation. These data show that Dex plus insulin enhances 
preadipocyte differentiation (GPDH act.) in a dose-dependent man- 
ner despite the presence of GH. Furthermore, physiological levels of 
Dex partially countered the GH inhibition of differentiation. Bars with 
different letters are different (Pc.05). 
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The interaction of dexamethasone (Dex) and growth hormone (GH) 
on fat cell development in serum-free porcine s-v cultures After 
threedays of plating and growth in fetal calf serum (day 0-3), cultures 
were switched and maintained with either insulin (1pM ITS) or 
insulin plus 10 nM GH ( +  GH) or insulin plus GH and 10 nM Dex ( +  
GH + Dex) from day 3-10 Cultures were then fixed and stained for 
lipid and nuclei Fat cell clusters were counted in the major portion of 
each of three 35 mm drshes per treatment and the means 2 SEM 
are presented here Note that Dex did not affect the capability of GH 
to reduce fat cell cluster number in s-v cultures 

tion by GH is not accompanied by perturbations in the 
differentiation of pread ipocytes. 

Tumor Necrosis Factor-Alpha 

Cachectin or tumor necrosis factor a (TNFa) is a hormone 
secreted by macrophages after an endotoxin challenge 
(Beutler et al., 1985). In general, TNFa inhibits adipocyte 
differentiation and does so by suppressing the expression of 
lipogenic enzymes (Hausman et al., 1989; Ringold et al., 
1988). Suppression of mRNA levels of lipogenic enzymes by 
TNF-a is reversible and is evident in mature and immature fat 
cells. In s-v cell (rat) cultures TNF-a strongly inhibited 
adipocyte differentiation without adverse influence on undif- 
ferentiated cells (Jewell et al., 1988). Sera from pigs infected 
with “Sarcocystis suicanis” was evaluated for TNF-a like 
activity with s-v cultures (Jewell et al., 1988). Comparison of 
sera collected before and after infection clearly showed an 
inhibitory influence of post-infected sera on adipocyte differ- 
entiation (Jewell et al., 1988). Sera collected before and after 
infection stimulated total cell growth similarly indicating a 
specific inhibition of differentiating cells by sera from infected 
pigs (Jewell et al., 1988). Therefore, parasitic infection in 
swine may result in the production of a TNFa-like hormone. 
Further studies are needed to identify and characterize swine 
TNF-a to allow biological manipulations of this hormone in 
meat animals. 

Regulation of Gene Expression 

There are many differentiation dependent genes ex- 
pressed by preadipocytes (see review, Gaskins et al., 
1989b). Hormones such as GH, insulin, T,, TNFa, TGF-f3 
and Dex affect the transcription of these genes (Dani et al., 
1989; Hausman et al., 1989; Gaskins et al., 1989b). DNA 
binding proteins such as the nuclear phosphoprotein Fos 
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encoded by the c-fos proto-oncogene have been implicated 
in the control of adipocyte gene expression (Spiegelman et 
al., 1988). Two sets of homologous elements designated fat- 
specific elements (FSE) 1 and 2 were discovered in three 
different adipocyte-specific genes suggesting a regulatory 
function of FSE 1 and 2 (review, Gaskins et al., 1989b). For 
instance, Fos in association with other proteins binds the 
FSE 2 element in a differentiation dependent manner 
(Spiegelman et al., 1988). Further studies suggested that 
FOS (plus other proteins) binding to FSE 2 suppressed the 
activity of an adipocyte gene (Spiegelman et al., 1988). The 

expression of c-fos mRNA was acutely suppressed by Dex in 
porcine s-v cultures (Gaskins et al., 1990b). Possibly re- 
duced FSE 2 binding by Fos and associated proteins was 
involved in Dex-induced differentiation (Gaskins et al., 
1990b). In addition, immunocytochemistry of s-v cultures 
(porcine) demonstrated that Fos protein staining was re- 
stricted to undifferentiated cells (Gaskins et al., 1990b). 
Therefore, in preadipocyte cell lines and s-v cultures Fos 
protein may exert a negative effect on adipocyte gene 
expression. 
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