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Over-consumption of dietary energy in the form of animal fat has been 

classified as a factor causing health problems. The meat animal industry has slowly 

responded to consumer demands for low-fat products by implementing strategies 

to depress fat deposition and increase lean muscle gain in meat animals. However, 

despite enormous efforts by scientists, a safe and effective method for fat reduction 

has not been established. This is partly due to an incomplete understanding of the 

nature of adipose tissue development. 

This study examined the effect of negative and positive regulators on 

adipose development in vitro using serum-free culture system of pig and rat 

preadipocytes. In pig preadipocyte culture, adipocyte differentiation was found to 

be under hormonal control. Insulin and hydrocortisone (glucocorticoid) were 

indispensable for pig preadipocyte differentiation. Triiodothyronine, on the other 

hand, had no effect on pig preadipocyte differentiation. 

We have partially isolated from rat serum an inhibitor that inhibits rat 

adipocyte differentiation in primary culture. This inhibitor is a protein which has an 
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apparent molecular weight of ± 70 kDa and isoelectric point (pl value) of 5.33. The 

activity of the inhibitor was destroyed by heating to 80° C and by trypsin treatment. 

The data indicate that this inhibitor coeluted with albumin. However, a comparison 

study showed that the inhibitor is not albumin. 

Retinoic acid (RA) is a potent inhibitor of pig preadipocyte differentiation in 

primary culture. Supraphysiological concentration of RA (10 pM) is needed to 

suppress glycerol-3-phosphate dehydrogenase (GPDH) activity, lipoprotein lipase 

(LPL) mRNA, and adipsin mRNA. At physiological concentration (1 pM 10 nM), 

RA has no effect on pig preadipocyte differentiation. Pig preadipocytes must be 

exposed to RA at an early stage of development, indicating that RA interferes early 

in the differentiation program. 
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POSITIVE AND NEGATIVE REGULATORS OF ADIPOCYTE
 
DIFFERENTIATION IN PRIMARY CULTURE
 

CHAPTER 1
 
INTRODUCTION
 

Consumption of high levels of saturated fat is currently associated with 

increased risk of cardiovascular disease. Production of leaner red meats from meat 

animals will not only lower their fat content but will also enhance their image among 

consumers. This in turn might benefit farmers who currently suffer from reduced 

demand for red meat and increasing consumer preference for poultry, fish and 

vegetable protein sources. Unfortunately, effective methods for reducing fat 

deposition in meat producing animals, despite substantial efforts from scientists, 

have not been established. One obstacle to finding such methods is lack of basic 

knowledge of the regulation of adipose development, a complex biological system, 

which must be resolved in order to understand how to alter fat deposition. To study 

this complex regulation, scientists have developed cell culture systems which allow 

examination of adipose development in vitro. 

Adipose tissue consists of various cell types. Differentiated adipocytes 

which accumulate triglycerides in a single droplet are termed mature adipocytes. 

These cells float on the top of the medium after collagenase digestion. All other 

type of cells sink to the bottom of the isolation tube. These cells are termed stromal 

vascular (SV) cells. Since some SV cells accumulate fat during culture, these cells 

sometimes are termed preadipocytes. The existence and identification of 

preadipocytes are yet to be determined. The term "preadipocytes" in this thesis 
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represents those cells which are capable of accumulating triglycerides in the in vitro 

culture conditions. 

In cell culture conditions, regulatory factors that are important for adipose 

development can be studied extensively. Several hormones and growth factors 

have been shown to regulate preadipocyte differentiation in different species. 

However, the information regarding the effect of hormones and growth factors on 

differentiation of preadipocytes isolated from meat producing animals is still limited. 

Since the hormonal requirement for culturing pig preadipocytes has been only partly 

elucidated, a portion of this study was undertaken to investigate the effect of such 

hormones as insulin, glucocorticoids and triiodothyronine on the differentiation of 

pig preadipocyte in serum-free culture. Investigation of such hormonal regulation 

on the differentiation of pig preadipocytes was necessary in order to understand the 

nature of adipose development in meat producing animals. 

Although several growth factors that regulate the development of adipocyte 

in sera of different species have been identified, data suggested the possible 

existence of other unidentified growth factors. A second part of the study focused 

on the isolation of a serum-borne factor that inhibit preadipocyte differentiation in 

primary culture. This experiment was conducted to isolate the new and novel 

growth factor that inhibits adipocyte development. 

Factors that inhibit adipocyte differentiation have been investigated using 

established cell lines or preadipocytes in primary culture. It is of interest to study 

the negative regulation of adipocyte differentiation, since the information obtained 
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can be used to develop methods to reduce fat deposition in meat producing 

animals. The final part of the study determined the effect of retinoic acid on 

differentiation of pig preadipocytes in primary culture. 

This study will help us to elucidate factors and mechanisms controlling 

adipocyte differentiation in vitro. Ultimately, the understanding of positive and 

negative regulation of adipocyte differentiation should increase the potential for 

development of a physiological approach for reducing adipose tissue in meat 

producing animals. 
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CHAPTER 2
 
LITERATURE REVIEW
 

Adipose Tissue Accretion. 

Adipose tissue mass may be controlled by either hypertrophy or hyperplasia 

or by a combination of both (Hirsch et al., 1989). Over stimulation of these cellular 

processes ultimately results in obesity. The respective contribution of the size and 

number of both precursors and mature adipocytes in the occurrence of adiposity 

can be determined during specific periods of growth. Evidence suggests the 

existence of hyperplastic periods of adipose tissue growth. Measurement of cell 

numbers in some breeds of pig during growth shows that cell numbers in the 

carcass continue to increase until 5 or 6 weeks of age (Gurr et al., 1977). Feed 

restriction of suckling pigs at 6 months of age did not change the adipocyte number 

(Lee et al., 1973), indicating that in the fetal or early postnatal period of growth, 

adipocyte precursor cells proliferate (hyperplasia), and establish a precursor pool 

of cells that begins to increase in size (hypertrophy). The embryonic origin of the 

precursor cells is still unknown. Until there is a morphological, metabolic, or 

immunological marker to identify the early stages of differentiation the origin of the 

adipocyte and the role of hyperplasia in adipose tissue development will remain 

unknown. 

Morphology of Adipose Tissue Development. 
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In vivo investigations of adipose tissue development using radioactive 

thymidine have shown that rat adipose tissue contains cell fractions which are able 

to proliferate and differentiate into mature adipocytes (Hollenberg and Vost, 1968). 

Based on histological and enzymologic methods several cell types have been 

identified as precursors to adipocytes. Cells suggested as adipocyte precursors 

include endothelial cells (Cameron and Smith, 1964), perivascular reticulum cells 

(Wasserman, 1965) and fibroblast or fibroblast-like cells (Napolitano, 1963). 

Adipose Precursor Cells in Culture. 

The nature of adipocyte (fat cell) development is not completely understood. 

Therefore, more investigations are needed. One of the methods to study adipocyte 

development is cell culture. This system is useful because it allows the 

investigators to monitor the adipocyte development in a controlled environment 

(Johnson and Goldstein, 1984). 

Cell culture is defined into two systems : first, clonal cell lines, cloned cells 

grown in a second artificial environment, and second, primary culture, cells that 

have been grown outside the animal for the first time (Johnson and Goldstein, 

1984). Despite the advantages and disadvantages of these systems, both methods 

have shown their ability to be models for adipocyte development in culture (Green 

and Kehinde, 1974, Serrero and Mills, 1987, Hausman et al, 1984) 

Cell lines established from 3T3 fibroblasts originating from the Swiss mouse 

embryo (Green and Kehinde, 1974) have been studied extensively. The ob 17 cell 

and its subclones originating from epididymal fat pads of genetically obese ob/ob 
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mice (Negrel et al., 1978) have also been studied for their ability to undergo 

adipose conversion in culture. Culture of cell lines in suitable culture conditions 

results in morphological changes and increased expression of lipogenic enzymes 

typical of adipocytes. Lipogenic enzymes such as lipoprotein lipase (Wise and 

Green, 1978; Spooner et al., 1979) and glycerol-3-phosphate dehydrogenase 

(Pairault and Green, 1979) are expressed during adipose conversion. 

Differentiation-dependent changes in gene expression during adipose conversion 

of 3T3 preadipocytes have been reported (Speigelman et al., 1983). 

Cells obtained from collagenase digestion of adipose tissue contain 

adipocyte precursor cells capable of accumulating lipids. Cells derived from human 

adipose stromal vascular fraction (Adebonojo, 1975; Van et al., 1976), rat adipose 

tissue (Van and Roncari, 1978), sheep adipose tissue (Broad and Ham, 1983) and 

pig adipose tissue (Hausman et al., 1984; Ramsay et al., 1989, Suryawan and Hu, 

1993) kept in culture went through morphological and biochemical changes similar 

to those described for preadipocyte cell lines either in serum containing or serum-

free hormone supplemented media. Adipose tissue S-V fraction contains a 

heterogenous population of cells unlike cell lines, and this provides the advantage 

of being in closer proximity to the physiological situation than clonal cell lines. 

Serum-free Medium for Culture of Preadioocytes. 

The use of serum which contains components some of which are poorly 

characterized or have not been identified, have inherent disadvantages for use in 

the study of hormones and factors regulating adipocyte development. The 
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presence in serum of specific hormones, metabolites and several undefined factors 

confound studies designed to characterize the roles of hormones, growth factors 

and other serum components that promote growth and development of adipose 

precursor cells. Therefore, serum free culture conditions are needed to provide a 

defined culture environment for undertaking comprehensive studies of the 

regulation of adipocyte development and the physiology of lipid accumulation of 

normal cells. Recently, developments have been made in primary culture 

techniques to permit the study of adipose S-V in serum free culture which make it 

possible to identify factors controlling proliferation and differentiation of S-V from 

rat adipose tissue (Des lex et al., 1987; Serrero and Mills, 1987), sheep adipose 

tissue (Broad and Ham, 1983), rabbit adipose tissue (Reyne et al., 1989) and 

human adipose tissue (Hauner et al., 1989). Serum free system similar to that 

described by Reyne et al., (1989) has been used successfully for the culture of pig 

preadipocytes (Suryawan and Hu, 1993). 

Positive and Negative Regulators of Adipocvte Differentiation. 

A large research effort, over a number of years, has been aimed at trying to 

elucidate the mechanisms involved in adipocyte differentiation. In adipose tissue 

development, multiple positive and negative factors, which communicate 

information from the extracellular environment to the nucleus, may be involved (Sul 

et al., 1993). From a general point of view, growth factors and cytokines which 

negatively regulate adipocyte differentiation are considered as inhibitors. 

Hormones such as insulin-like growth factor I (IGF-1), insulin, glucocorticoids, and 
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triiodothyronine (T3) are considered as positive regulators of adipocyte 

differentiation (Ailhaud et al., 1992). Growth factors are classified into two 

categories: a. peptide growth factors such as transforming growth factor -1 (TGF-(1), 

tumor necrosis factor-a (TNF-a), and epidermal growth factors (EFG); b. non

peptide growth factors such as prostaglandin Fla and retinoic acid (Butterwith, 

1994). 

Factors that Stimulate Adipocvte Differentiation: 

Insulin. 

The role of insulin as a factor needed to induce adipocyte differentiation of 

clonal cell lines and primary cultures has been widely examined. The requirement 

of insulin by clonal cell lines and primary cultures is variable, depending on 

conditions imposed by investigators and cell lines used. 3T3 cells need insulin in 

concentrations which are 2-3 times higher than physiological levels, while ob 17 

cells require only physiological levels of insulin (Loffler and Hauner, 1987). 

Moreover, Gaben-Cogneville et al (1988) demonstrated that in rat primary culture 

only physiological concentrations of insulin (1.5 nM) was needed to stimulate a 

high rate of adipocyte differentiation. They also found that during rat adipose 

conversion, the number of insulin receptors was significantly increased compared 

to the level found in the proliferative stage. 

Insulin in physiological or pharmalogical concentrations has been used to 

induce cell growth and differentiation in serum-containing media as well as in 
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serum-free media. Van and Roncari (1978), examined serum-containing media that 

stimulated complete differentiation of rat adipocyte precursors. In order to attain 

complete differentiation, insulin (200 pU/m1) was added into the enriched medium. 

Under these conditions, rat preadipocytes developed into mature adipocytes with 

a unilocular lipid droplet in the cytoplasm. Meanwhile, Wiederer and Loffler (1987) 

have shown that insulin (10 M-8) and corticosterone (10 M4) combined, both in 

physiological concentrations, were needed to stimulate rat preadipocyte 

differentiation in a serum-containing medium. When rat preadipocytes were 

maintained in serum-containing medium alone (medium + 5% fetal calf serum), cell 

differentiation did not occur. However, if cells were maintained in serum-containing 

medium supplemented with insulin and corticosterone, more than 80% of the cells 

underwent adipocyte conversion. 

Serrero and Khoo (1982) have successfully cultured the 1246 cell line in a 

serum-free medium which among other supplements, contained 10 pg/ml insulin. 

Gamou and Shizimu (1984) examined the regulatory effects of insulin in 

differentiating 3T3-L1 cells. They concluded that the presence of insulin during the 

induction period was essential for the subsequent appearance of adipocytes in 

serum-free medium. Furthermore, the magnitude of differentiation in serum-free 

medium was far less than that in the serum-containing medium. 

The importance of insulin in serum-free media for primary culture has also 

been examined. Serrero and Mills (1987) demonstrated that insulin is a crucial 

factor in serum-free 4F medium for rat preadipocytes. Exclusion of insulin from 4F 



10 

medium reduced glycerol-3-phosphate dehydrogenase (G3PDH) activity, a marker 

enzyme for differentiation of adipocytes, by approximately 90%. Insulin was an 

important component of the serum-free ITT medium which was established for 

human and rat preadipocytes (Des lex et al., 1987a; 1987b). 

Furthermore, in combination with glucocorticoids, insulin induced a high rate 

of cell differentiation of rabbit preadipocytes grown in serum-free medium (Nougues 

et al., 1989). However, increasing levels of insulin have no effect on the 

development of ovine preadipocytes in serum-free medium (Broad and Ham, 1983). 

Insulin is an important hormone in the regulation of growth and development of 

adipocytes in both serum-containing and serum-free media in all other species. 

Glucocorticoids. 

Investigators have explored the role of glucocorticoids in regulating 

differentiation of clonal cell line and primary cultures. Schiwek and Loffler (1987) 

observed that an adipogenic factor in human serum which played a role in the 

adipose conversion of 3T3-L1 cells was in part, glucocorticoid. Knight et al. (1987) 

found that dexamethasone, a synthetic glucocorticoid, was a regulatory factor that 

was required for triggering the expression of differentiation dependent genes in TA1 

cells. Other studies indicated that dexamethasone and cAMP stimulated 

expression of the differentiation-induced gene for fatty acid-binding protein in 3T3

L1 cells (Cook et al., 1988). 

Wiederer and Loff ler (1987) have reported that corticosterone in combination 

with insulin stimulated differentiation of rat preadipocytes maintained in a culture 
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medium contained 5% FCS. Ramsay et al. (1987) reported the increase in G3PDH 

activity and the decrease in cell proliferation of rat preadipocytes cultured in 

medium containing 2.5% serum from hypophysectomized pigs supplemented with 

50 ng/ml hydrocortisone. Other investigators (Hentges and Hausman, 1987) also 

demonstrated that 0.1 pg hydrocortisone or 0.25 pM dexamethasone in medium 

containing serum and insulin stimulated G3PDH activity and cytodifferentiation of 

porcine preadipocytes. In a recent study, Ramsay et al. (1989) reported an 

increase in lipogenic enzyme activity in differentiated porcine preadipocytes after 

addition of hydrocortisone to medium containing 2.5% pig serum. 

The stimulatory effect of glucocorticoids on adipose conversion in serum-

free media has also been documented. Dexamethasone and 1-methy1-3

isobutylxanthyne (dex-mix) have been found to be highly effective in accelerating 

the adipose differentiation of 1246 cells in a serum-free medium (Serrero and Khoo, 

1982). Further, Reyne et al. (1989) have established the importance of 

glucocorticoid in inducing adipose conversion of rabbit preadipocytes. When 

rabbit preadipocytes were grown in ITT medium, none differentiated; however, 

when dexamethasone or corticosterone was added to medium ITT, 20 - 50% of the 

cells became adipocytes. However, Broad and Ham (1983) found that 

dexamethasone (1 pM) and other glucocorticoids were not required for adipose 

differentiation in a serum-free culture system for ovine preadipocytes. Due to the 

conflicting observations of the role of glucocorticoid in adipose differentiation in 
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cultures, glucocorticoids deserve further investigation in establishing any 

preadipocyte culture system. 

Triiodothyronine (T3). 

Gharbi-Chihi (1981) reported that ob 17 cells bind T3 to binding sites whose 

numbers increase during cell differentiation. T3 was observed to stimulate "C

acetate incorporation into lipids and elevate fatty acid synthetase and G3PDH 

activity. Sztaryd et al. (1989) demonstrated that T3 stimulated differentiation of rat 

preadipocytes through stimulation of both fatty acid synthesis and esterification, 

but T3 did not induce a mitogenic response in rat preadipocytes. In contrast, 

Wiederer and Loffler et al., (1987) reported that T3 had no effect on the 

differentiation of rat preadipocytes maintained in a medium supplemented with 5% 

FCS. 

T3 has been found to be an important factor in serum-free medium for human 

(Des lex et al., 1987), rat (Des lex et al., 1986) and rabbit preadipocytes (Reyne et 

al., 1989). Based on this, it is likely that T3 is also required in serum-free medium 

for porcine preadipocytes. 

Factors that Inhibit Adipocyte Differentiation: 

Peptide growth factors. 

A number of peptide growth factors that inhibit adipocyte differentiation of 

both preadipocyte cell lines and primary adipose precursors have been extensively 
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studied (Butterwith 1994, and Vassaux et al., 1994). TGF-13 is considered as the 

most potent inhibitor of adipocyte differentiation. Study showed that TGF-11 blocked 

adipocyte differentiation when 3T3-L1 preadipocytes were exposed to this growth 

factor during the initial stages of differentiation (Ignotz and Massague, 1985). 

Using rat preadipocyte culture, Vassaux et al., (1994) demonstrated that addition 

of TGF-11 into serum-free culture medium caused a 90% reduction of GPDG activity, 

an enzyme marker for adipocyte differentiation. Navre and Ringold (1988), 

reported that TNF-a, a cytokine secreted by macrophages that causes cachexia in 

animals, inhibits conversion of TA1 preadipocytes to adipocytes. Moreover, they 

stated that TNF-a treatment of differentiated TA1 adipocytes not only caused cells 

to suppress expression of adipocyte genes to their predifferentiated level, but 

required that cells be treated with the differentiation-accelerating agents for 

expression of adipocyte phenotype. The inhibitory effect of TNF -a has also been 

observed in primary culture of human preadipocytes (Petruschke and Hauner, 

1993) and rat preadipocytes (Vassaux et al., 1994). A number of studies have 

provided evidence for the role of EGF in the inhibition of adipocyte differentiation. 

Serrero et al., (1987) reported that EGF inhibits differentiation of adipocytes both 

in rat primary culture and 1246 cell lines. Recent findings also indicate that EGF 

is a potent inhibitor of differentiation of rat preadipocytes, and its effect is reversible 

upon removal from the culture medium (Vassaux et al., 1994). 

Even though the inhibitory effect of these peptide growth factors is obvious, 

the mode of action of peptide growth factors remains uncharacterized. Lines of 
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evidence indicate that these growth factors regulate signal transduction pathways 

(Sul, 1993) and the expression of important transcription factors (Butterwith, 1994) 

which are needed for adipocytes differentiation. 

Non-peptide growth factors. 

Studies on the role of the non-peptide growth factors in the regulation of 

preadipocyte differentiation are still limited. Arachidonic acid metabolites 

(prostacyclin, prostaglandin E2 and prostaglandin Fla) have been shown to both 

accelerate and inhibit adipocyte differentiation, depending on cell lines and culture 

condition tested (Smas and Sul, 1995). Studies performed using cell lines and 

primary cultures showed that among the metabolites of arachidonic acid, 

prostaglandin F2c, (PGF2a) is the potent inhibitor of adipocyte differentiation 

(Butterwith, 1994). Lepak and Serrero (1993), revealed that in culture of rat 

preadipocytes and adipogenic cell line 1246 PGF2a inhibited adipocyte 

differentiation by reducing triglyceride accumulation and GPDH activity. 

Furthermore, Vassaux et al., (1994) provided evidence that PGF2a inhibited rat 

preadipocyte differentiation in a dose-dependent manner and its inhibitory effect 

was not accompanied by a significant change in cell proliferation. 

Retinoic acid (RA) has profound effects on pattern formation during early 

development, skeletal growth, cellular growth and differentiation (Jump et al. 1993). 

The diverse effects of RA are due to its regulation of the abundance and activity 

of specific proteins including hormones, growth factors, cell surface and nuclear 

receptors, and nuclear transcription factors (Jump et al., 1993). RA regulates 
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cellular functions by binding to intracellular retinoic acid receptors (RRs). Two 

distinct families of RRs have been identified: RAR (alpha, beta and gamma) and 

RXR (alpha, beta and gamma) (Giguere et al, 1987). Kurokawa et al., (1994) stated 

that RAR and RXR regulate transcription by binding to response elements in a 

target gene that generally consists of two direct repeat half-sites of consensus 

sequence AGGTCA. Furthermore, they explained that RAR-RXR heterodimers 

activate transcription in response to all-trans or 9-cis retinoic acid by binding direct 

repeats spaced by five base pairs (DR5); and RXR-RXR homodimers activate 

transcription in response to 9-cis retinoic acid by binding to direct repeats spaced 

by one base pairs (DR1). 

Studies performed with rat adipose tissue and mouse BFC-1 adipose cells 

have shown that serum retinol-binding protein (RBP) and cellular retinol-binding 

protein (CRBP) are expressed at high levels, strongly suggesting that adipose 

tissue is also a major tissue for retinol storage (Zovich et al., 1992). Adipose tissue 

is known to be a target organ for RA, and the occurrence of mRNAs encoding for 

RARs and RXRs has been reported in both rat adipose tissue and mouse 3T3-L1 

cell lines (Haq and Chytil, 1992). The effects of RA on adipocyte differentiation of 

primary adipose precursor and cell lines have been partially studied. Using 3T3-L1 

cell lines, Stone and Bernlohr (1990) reported that RA administration inhibited fat 

accumulation and the accumulation of differentiation-dependent mRNAs encoding 

the adipocyte lipid binding protein (ALBP) and stearoyl-CoA desaturase 1 (SCD1). 

Conflicting results were obtained by Safonova et al, (1994) who found that at 



16 

physiological concentration (1pM to 10 nM) RA acted as a positive regulator for 

differentiation of rat preadipocytes and Ob1771 cell lines. They also demonstrated 

that at supraphysiological concentrations (0.1 - 10 NM) RA acted as an inhibitor that 

suppresses adipocyte differentiation. 

The mechanisms involved in the inhibiting effect of RA remain unclear. 

Safonova et al, (1994) found that RA stimulated the expression of RARs and RXRs, 

indicating an increase of the receptor activity. Furthermore, Kurokawa et al, (1994) 

revealed that RXR-RAR heterodimers bind to DR1 response element with a higher 

affinity than RXR-RXR homodimers. As a result, RARs inhibit RXR-dependent 

transcription from the DR1 site. Finally, Tontonoz et al., (1994) hypothesized that 

in adipocytes RA might be expected to induce RAR-RXR heterodimerization at the 

expense of the PPARgama2-RXRa heterodimers (ARF6). This may compromise 

the expression of adipocyte differentiation-linked genes controlled by ARF6 

complex, leading to a blockage of terminal differentiation. 

Serum-borne Factors that Regulate Adipocvte Differentiation. 

Some of the adipogenic activity found in fetal calf (Nixon and Green, 1984) 

and human serum (Hauner and Loffler, 1987) can be attributed to growth hormone. 

There have been several reports indicating that sera contain factors that are distinct 

from growth hormone or glucocorticoids, such as a 6-8 kDa molecule which has 

been partially purified from fetal calf serum (Grimaldi et al., 1982). It is resistant to 

proteolytic activity of enzyme, heat labile at low pH, and able to induce adipose 

conversion of ob 17 cells (Grimaldi et al., 1982). Loffler et al. (1983) have shown 
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that sera from several strains of genetically obese rodents contain adipogenic 

factors with apparent molecular weight of 4-6 kDa which can be destroyed by 

protease subtilisin (Loffler et al., 1983). A similar factor has also been found in 

human serum (Hauner and Loffler, 1987). The low molecular weight factor is heat 

and acid-stable (Hauner and Loffler, 1987). Feick and Loffler (1986) have extracted 

a 4-6 kDa molecule with adipogenic activity from rat liver. This molecule can be 

destroyed by pronase. Recently, a 63 kDa protein that promotes cell differentiation 

of rat preadipocytes in primary culture has been partially purified from rat serum (Li 

et al., 1989). The 63 kDa molecule has characteristics that are different from 

growth factors in that it is unstable in acid-ethanol, and unaffected by -SH reducing 

agents and most proteases (Li et al., 1989). There are variations in apparent 

molecular weights, physical and chemical characteristics of adipogenic factors 

purified from serum and these variations reflect species differences. 

In addition to adipogenic factors, serum contains "antiadipogenic factors", 

of which some are undefined (Loffler and Hauner, 1987). TGF-11 has been found 

as a serum component which inhibits the expression of differentiation enzyme in Ob 

1771 cell lines (Ailhaud, 1990). Other investigators found that serum factors which 

have mitogenic activity such as platelet derived growth factor (PDGF) and fibroblast 

growth factor (FGF), inhibit differentiation of 3T3 cell lines ( Kawada et al., 1990). 
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CHAPTER 3
 
HORMONAL REGULATION OF THE DIFFERENTIATION OF PIG
 

PREADIPOCYTES IN PRIMARY CULTURE
 

Abstract 

The objective of this study was to establish optimal conditions for the 

primary culture of pig preadipocytes. Pig preadipcytes were cultured for 10 days 

during which the effect of insulin, hydrocortisone and triiodothyronine (T3), added 

to serum-free basal medium, were studied on differentiation and gene expression 

of lipoprotein lipase (LPL), an early marker, and adipsin, a late marker of 

preadipocyte differentiation. Insulin and hydrocortisone alone stimulated a low 

level of cell differentiation, as indicated by an increase of GPDH activity. When 

added together, insulin and hydrocortisone had a synergistic effect on cell 

differentiation. When combined with insulin or hydrocortisone, T3 had no effect on 

cell differentiation, indicating that T3 is not required in porcine preadipocyte culture. 

Gene expression studies also showed that removal of insulin or hydrocortisone 

from complete serum-free medium reduced both early and late marker mRNA. As 

expected, removal of T3 had no effect on the gene expression of early and late 

marker mRNA. We conclude that insulin and hydrocortisone, but not T3, are 

required for the differentiation of pig preadipocytes in primary culture. 



19 

Introduction 

Formation of adipocytes and their aggregation to adipose tissue comprise 

an important phase in the growth and development of mammals. Knowledge of 

conditions and factors that promote adipose tissue development would aid in 

devising methods to reduce body fat accretion. Several adipose-like cell lines, as 

well as stromal-vascular (S-V) cells isolated from adipose tissue of different 

mammalian species, have been used to study the functional aspect of precursor cell 

proliferation and differentiation and appear to be valid models of adipocyte 

development in vivo (Hauner and Loffler, 1987). 

Studies on hormonal regulation of primary culture systems derived from S-V 

fraction of rat adipose tissue have shown that insulin and glucocorticoids and T3 are 

essential for adipose conversion (Des lex et al., 1987a, Sztalryd et al., 1989 and 

Gaben-Cogneville et al., 1990). As a result, a suitable system that permits detailed 

study of the control of adipose differentiation and physiology of lipid accumulation 

in rat adipose S-V maintained in a defined culture environment has been 

established. In contrast, the hormonal control of pig preadipocyte growth and 

development in primary culture has been only partially elucidated. Ramsay et al., 

(1989a,b) demonstrated the important of IGF-1 and glucocorticoids in the 

differentiation of pig preadipocyte in primary culture using serum-containing 

medium. Using serum-free culture system, Hausman (1989) demonstrated that 

insulin, insulin-like growth factor (IGF-1) and 13 stimulated the pig preadipocyte 

differentiation. However, the rate of pig preadipocyte differentiation was relatively 
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low in this serum-free system. Hence, an optimal culture condition to study pig 

preadipocyte differentiation is not available at this time. In the present study we 

have examined the hormonal regulation of differentiation of pig preadipocyte in 

primary culture and have established an optimal serum-free medium. 

Materials 

Dulbecco's modified eagle's medium, nutrient mixture F-12, dihydroxy 

acetone phosphate (DHAP), reduced nicotinamide adenine dinucleotide (NADH), 

gentamicin sulfate, hepes buffer, hydrocortisone, insulin, triiodothyronine, bovine 

transferrin, hematoxylin, were purchased from Sigma Chemical Co.(St. Louis, MO). 

Collagenase, type I from Worthington Biochemical (Freehold, N.J.); fetal calf serum 

(FCS) from Intergen Co.. (Purchase, N.Y.); fungizone from Gibco BRL, Div. of Life 

Technologies, Inc. (Gaithersburg, MD) and prepodyne from AMSCO, Medical 

Products Div., (Erie, PA). All other chemicals used analytical grade. 

Methods 

Cell Culture Techniques. 

Crossbred new born pigs between 1 and 3 days of age were obtained from 

a commercial producer and were killed by CO2 asphyxiation. Dorsal subcutaneous 

adipose tissue was aseptically removed and stromal-vascular (S-V) cells were 

obtained with a collagenase digestion as previously described (Suryawan and Hu, 

1993). Aliquots of S-V cells were counted using a hemocytometer. S-V cells were 

seeded in 35 mm and 100 mm culture dish at a density of 3 x 104 cells/ml at 37°C 
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in 5% CO2 in air. Plating medium consisted of DME/F12 containing 15 mM 

NaHCO3, 15 mM Hepes buffer, and 50 mg/I gentamicin sulphate supplemented with 

10% fetal calf serum (FCS). After 24 hours, attached cells were washed three times 

with above medium without FCS. After washing, cells were maintained in various 

test media. Culture medium were changed every 3 days until day 10 (except where 

stated otherwise) when glycerol-3-phosphate dehydrogenase (GPDH:EC 1.1.1.8) 

assay, protein assay and northern blot were performed. 

Enzyme Analysis. 

GPDH assay was performed by a spectrophotometric method for determining 

of disappearance of NADH during GPDH-catalyzed reduction of dihydroxyacetone 

phosphate under zero-order condition (Kozak and Jensen, 1974) as modified by 

Wise and Green (1979). Activity is defined as the oxidation of 1 nmole NADH/min. 

Cytosolic protein concentrations of supernatant were determined according to 

Bradford (1976). 

Histochemistry. 

Representative wells from each treatment were fixed in 10% formalin, stained 

with oil red 0 for lipid and counterstained with Harris hematoxylin. 

RNA Isolation and Northern Blot Analysis. 

Total RNA was isolated by extraction with guanidine isothiocyanate 

(Chomczynski and Sacchi, 1987). Total RNA was electrophoresed in 1.5% 
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agarose, 2.2 M formaldehyde gels, transferred to nylon membranes (Sigma), and 

covalently linked by UV cross-linking (for 30 second at 120,000 pJ/cm2). 

Membranes were prehybridized in 6x SSC, 5x Denhardt's reagent, 0.5% SDS, and 

100 pg/ml denatured salmon sperm DNA for 4 hours at 42° C, then hybridized in the 

same solution containing about 2 x 106 cpm/ml [a32P]- labelled cDNA probe at 42° 

C for 24 hours. Labeled cDNA probes were synthesized by random priming 

procedure using [a3213]-dCTP (B.M.Biochemical). Labeled 18 S probe was 

synthesized by end labeling procedure using [321:] -aATP (Amersham). The probes 

were kindly provided by Dr. S. Deeb (University of Washington) for human LPL 

cDNA probe (1.36 kb), Dr. J. Miner (Mosanto Company) for pig adipsin (0.8 kb), and 

Dr. S. Giovannoni (Oregon State University) for 18 S (15 base-oligonucleotides). 

After hybridization, membranes were washed in 2x SSC, 0.1% SDS for 1 hour and 

in 0.2x SSC, 0.1% SDS for 30 min at 60°C. Membranes were autoradiographed 

using Storage Phosphor Screen (Molecular Dynamics) for 1 2 days and scanned 

using Phospholmager (Molecular Dynamics). 

Statistic analysis. 

Data of experiments were analyzed by analysis of variance procedure of 

NCSS (1984), with differences between means tested for significance by Fisher's 

least significant difference. 
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Results 

The GPDH activity, a late marker for adipocyte differentiation, was assayed 

at different days of culture to follow the differentiation stage of preadipocytes in 

culture (Figure 3.1). The GPDH activity increased significantly from d 2 to d 4, from 

d 4 to d 6, and from d 6 to d 8, then reached plateau from d 8 to d 10. The majority 

of the preadipocytes underwent cell differentiation by d 10; therefore, d 10 of culture 

was chosen for the subsequent experiments. The time course of the gene 

expressions for LPL, an early marker and adipsin, a late marker of preadipocyte 

differentiation were also determined (Figure 3. 2). The expression of LPL mRNA 

appeared as early as d 2, achieved maximal level at d 4, and remained at maximal 

level for the duration of the experiment. The maximal level of expression of adipsin 

mRNA, on the other hand, appeared later than LPL mRNA. The adipsin mRNA 

emerged at d 4 and reached maximal concentration at d 8 of culture. 

Transferrin, an ion binding protein, has been used extensively in 

preadipocyte culture system (Deslex et al., 1987a,b and Reyne et al., 1989). Our 

previous study (Suryawan and Hu, 1993) indicated that transferrin stimulated 

preadipocyte differentiation slightly (P>.05). Therefore, we have routinely included 

transferrin in our serum-free culture system. The stimulatory effect of insulin on 

differentiation of preadipocytes was examined in primary culture of S-V cells from 

porcine adipose tissue. Previous study in this laboratory showed that 

preadipocytes do not survive in the serum-free medium without hormone 

supplementation. Therefore, in this experiment different concentrations of insulin 
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FIGURE 3.1. Glycerol-3-phosphate dehydrogenase activity during maturation of 
pig preadipocytes in primary culture. Cells were plated on 6 well plate at a density 
of 3 x 104 cells/cm2 in DME/F12 medium supplemented with 10 % FCS for 24 hours. 
The next day the cells were washed three times with DME/F12 medium without FCS 
and subsequently maintained in DME/F12 medium containing 10 pg /mI transferrin, 
100 nM insulin and 50 ng/ml hydrocortisone. GPDH activity was determined at day 
2,4,6,8 and 10 after plating. GPDH activity was used as indicator of cell 
differentiation. Values are means ± of three independent experiments performed 
on triplicate wells. 
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FIGURE 3.2. LPL mRNA and adipsin mRNA levels during maturation of pig 
preadipocytes in primary culture. Cells were plated on 6 well plate at a density of 
3 x 104 cells/cm2 in DME/F12 medium supplemented with 10 % FCS for 24 hours. 
The next day the cells were washed three times with DME/F12 medium without FCS 
and subsequently maintained in DME/F12 medium containing 10 pg /mI transferrin, 
100 nM insulin and 50 ng/ml hydrocortisone. Total RNA was extracted at day 
2,4,6,8 and 10 after plating. RNA was blotted with LPL, adipsin and 18 S probes. 
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were tested in the presence of 50 ng /mI hydrocortisone. The data indicate a 

significant dosage effect of insulin on GPDH activity, achieving maximal effect at 

a concentration of 100 nM (Figure 3.3). Insulin concentration higher than this 

tended to suppress GPDH activity (P>.05). Without insulin, the GPDH activity was 

very low; however, addition of as little as 1 nM insulin to the medium , drastically 

increased GPDH activity (Figure 3.3). 

To test the effect of hydrocortisone on differentiation of porcine 

preadipocytes, cells were also cultured with different concentrations of 

hydrocortisone. Because the cells did not grow well (data not shown) in the 

presence of hydrocortisone (with transferrin), we included 100 nM insulin in this 

experiment. Although addition of 1 ng/ml had no effect, GPDH activity increased 

significantly as the concentration of hydrocortisone was increased to 10 ng/ml and 

to 100 ng/ml. GPDH activity was highest at 100 ng/ml, although not different 

(P>.05) from 50 or 500 ng/ml hydrocortisone (Figure 3.4) 

T3 Had no effect on GPDH activity in the presence of 100 nM of insulin or 50 

ng/ml of hydrocortisone (Figure 3.5 and 3.6). In the absence of insulin, but with 

hydrocortisone and T3, GPDH activity decreased significantly (80%) compared to 

the complete medium (ITTC). In absence of insulin and hydrocortisone, but with T3, 

GPDH activity decreased 60% (Figure 3.7). Conversely, removal of the T3 from the 

medium did not have an effect on GPDH activity (Figure 3.7). Histochemical data 

show the similar results (Figure 3.8). Similar results were demonstrated in the 

expression of LPL and adipsin mRNA (Figure 3.9). Removal of insulin or 
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FIGURE 3.3. Effect of insulin on glycerol phosphate dehydrogenase activity of pig 
preadipocytes in primary culture. Cells were plated on 6 well plate at a density of 
3 x 104 cells/cm' in DME/F12 medium supplemented with 10 % FCS for 24 hours. 
The next day the cells were wash three times with DME/F12 medium without FCS 
and subsequently maintained in DME/F12 medium containing 10 pg /mI transferrin, 
50 ng/ml hydrocortisone and different concentration of insulin. GPDH activity was 
determined at day 10 after plating. GPDH activity was used as an indicator of cell 
differentiation. Values are means t of three independent experiments performed 
on triplicate wells. 
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FIGURE 3.4. Effect of hydrocortisone on glycerol phosphate dehydrogenase 
activity of pig preadipocytes in primary culture. Cells were plated on 6 well plate 
at a density of 3 x 104cells/cm2 in DME/F12 medium supplemented with 10 % FCS 
for 24 hours. The next day the cells were washed three times with DME/F12 
medium without FCS and subsequently maintained in DME/F12 medium containing 
10 pg/mI transferrin, 100 nM insulin and different concentration of hydrocortisone. 
GPDH activity was determined at day 10 after plating. GPDH activity was used as 
an indicator of cell differentiation. Values are means ± of three independent 
experiments performed on triplicate wells. 
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FIGURE 3.5. Effect of T3 on glycerol phosphate dehydrogenase activity of pig 
preadipocytes in primary culture. Cells were plated on 6 well plate at a density of 
3 x 104 cells/cm2 in DME/F12 medium supplemented with 10 % FCS for 24 hours. 
The next day the cells were washed three times with DME/F12 medium without FCS 
and subsequently maintained in DME/F12 medium containing 10 pg/ml transferrin, 
100 nM insulin. GPDH activity was determined at day 10 after plating. GPDH 
activity was used as an indicator of cell differentiation. Values are means ± of three 
independent experiments performed on triplicate wells. 
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FIGURE 3.6. Effect of T3 on glycerol phosphate dehydrogenase activity of pig 
preadipocytes in primary culture. Cells were plated on 6 well plate at a density of 
3 x 104 cells/cm2 in DME/F12 medium supplemented with 10 % FCS for 24 hours. 
The next day the cells were washed three times with DME/F12 medium without FCS 
and subsequently maintained in DME/F12 medium containing 10 pg/ml transferrin, 
50 ng /mI hydrocortisone and different concentration of T3. GPDH activity was 
determined at day 10 after plating. GPDH activity was used as an indicator of cell 
differentiation. Values are means ± of three independent experiments performed 
on triplicate wells. 
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FIGURE 3.7. Effect of omission of individual hormone from ITTC medium on 
glycerol-phosphate dehydrogenase activity of pig preadipocytes in primary culture. 
Cells were plated on 6 well plate at a density of 3 x 10° cells/cm2 in DME/F12 
medium supplemented with 10 % FCS for 24 hours. The next day the cells were 
washed three times with DME/F12 medium without FCS and subsequently 
maintained in ITTC medium (DMEJF12 medium containing 10 pg/ml transferrin, 100 
nM insulin, 50 ng/ml hydrocortisone, and .2 nM T3), TTC medium (without insulin), 
ITC (without T3), and ITT (without hydrocortisone). GPDH activity was determined 
at day 10 after plating. GPDH activity was used as an indicator of cell 
differentiation. Values are means ± of three independent experiments performed 
on triplicate wells. 
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Figure 3.8. Photomicrographs of cultured pig preadipocytes stained with oil red 0 
and hematoxylin. Cytoplasmic lipid droplets were stained red with oil red 0 while 
nuclei were stained blue with hematoxylin. Compare to complete medium (a), 
insulin (b) and hydrocortisone (C) omission reduced the number of fat droplets, 
while T3 (d) has no effect . 
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Figure 3.9 Effect of omission of individual hormone from ITTC medium on LPL 
mRNA and adipsin mRNA levels of cultured pig preadipocytes in primary culture. 
Cells were plated on 6 well plate at a density of 3 x 104 cells /cm2 in DME/F12 
medium supplemented with 10 % FCS for 24 hours. The next day the cells were 
washed three times with DME/F12 medium without FCS and subsequently 
maintained in ITTC medium (DMEIF12 medium containing 10 pg /mI transferrin, 100 
nM insulin, 50 ng/ml hydrocortisone, and .2 nM T3), TTC medium (without insulin), 
ITC (without T3), and ITT (without hydrocortisone). At day 10 after plating, RNA 
was extracted and blotted with LPL, adipsin and 18 S probes. 
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hydrocortisone resulted in the a drastic reduction of LPL mRNA and adipsin mRNA, 

whereas omission of T3 did not reduce of LPL mRNA and Adipsin mRNA. 

Discussion 

We have studied the effect of various hormones added to the basal medium 

on the differentiation of cultured porcine preadipocytes. In agreement with the 

number of lipid-filled cells detected histologically, GPDH activity emerged as early 

as d 4 after plating and then increased sharply, reaching maximal activity on d 8. 

In cultured human preadipocytes, Hauner et al.(1989) observed that GPDH activity 

remained below the limit of detection from d 0 to d4, became measurable at d 8 

and reached maximum level at d 16. These differences may be due to differences 

in species and culture conditions. In our culture system, fat droplets were 

noticeable as early as d2 after plating; and at d 10, approximately 50% of the cells 

had undergone differentiation. Due to the increasing detachment of the 

differentiated cells, we did not culture the porcine preadipocytes beyond 10 days. 

The expression of two genes known to be modulated during the 

differentiation of preadipocytes into mature adipocytes (LPL and adipsin) were 

examined. As shown in Fig. 3.2, LPL mRNA, an early marker of adipocyte 

differentiation was detected as early as d 2 and reached maximum level at d 4. 

This is in agreement with studies using cell lines, which demonstrate the 

emergence of LPL mRNA early in culture prior to noticeable appearance of fat 

droplets (Dani et al, 1990 and Ailhaud et al., 1992). Our data also shown that 

insulin and hydrocortisone stimulated the expression of LPL mRNA while T3 had no 
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effect. Figure 3.2. also indicates that the expression of adipsin mRNA was detected 

as early as d 4 and reached maximum level at d 8. Morphological observation 

indicate that significant amounts of cells containing fat droplets were noticeable by 

d 8. This finding is consistent with Ob1771 cells studies which indicated that the 

expression of adipsin emerged at late stage of culture (Ailhaud, 1992). Our data 

indicate that insulin and hydrocortisone are potent simulators of adipsin mRNA. 

Consistent with its inability to stimulate pig preadipocyte differentiation, T3 did not 

affect the expression of adipsin mRNA. 

The role of insulin as a factor needed to induce adipocyte differentiation in 

primary cultures of rat (Gaben-Cogneville et al, 1990) and human preadipocytes 

(Hauner et al., 1987) has been examined. Our study showed a similar role for 

insulin in inducing pig preadipocyte differentiation in primary culture. Furthermore, 

the present observation indicated that insulin had even more profound effect in the 

presence of hydrocortisone. This synergistic effect of insulin is in agreement with 

Hauner et al., (1987) who reported that insulin and glucocorticoids promoted the 

differentiation of human preadipocytes in a synergistic fashion. A possible 

explanation of this synergistic effect is provided by Lee and Tsai (1994), who found 

glucocorticoid responsive elements in the human insulin receptor gene. They also 

stated that the expression of this gene is closely regulated by glucocorticoids. 

Gaben-Cogneville et al. (1988) found that, during rat preadipocyte differentiation, 

the number of insulin receptors increased significantly compared to the number of 

receptors found in the proliferative stage. 
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The precise mechanism by which insulin stimulates the differentiation of 

adipocytes is not fully understood. Several lines of evidence indicate that insulin 

not only stimulates glucose transport but also regulates the expression of enzymes 

that are needed for lipid synthesis (Wiese et al. 1995). Nasrin et al. (1990) 

identified insulin responsive elements (IRE) in the glycerol-3-phosphate 

dehydrogenase gene. In addition, Moustaid et al. (1993) discovered IRE in fatty 

acid synthase (FAS) gene. FAS is known to be a key enzyme involved in 

lipogenesis or lipid synthesis. Even though Moustaid et al. (1993) are still 

searching for the insulin-stimulated transcription factor(s) which bind this response 

element, they have demonstrated that insulin a key factor in controlling the 

expression of this gene. 

In agreement with previous studies performed with human (Hauner et al., 

1989), and rabbit (Reyne et al., 1989) preadipocytes in primary culture, our data 

also indicates that the presence of glucocorticoids in culture medium is crucial in 

achieving high frequency of adipocyte differentiation. Using serum-containing 

medium, Ramsay et al. (1989b) demonstrated that glucocorticoids stimulated pig 

preadipocyte differentiation. Unlike insulin, which is necessary in every primary 

culture system, the requirement of glucocorticoids depends on the culture 

conditions imposed by the investigators. Wiederer and Loffler (1987) and Gaben-

Cogneville et al. (1990) demonstrated that glucocorticoids stimulated the 

differentiation of rat preadipocytes in culture. Furthermore, Reyne et al. (1989) 

stated that rabbit preadipocytes did not undergo differentiation in serum-free 
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medium containing insulin and T3 unless glucocorticoid was added into medium. 

Broad and Ham (1983) and Deslex et al. (1987), however, found that sheep and 

rat preadipocytes did not need glucocorticoids to differentiate in serum-free culture 

conditions. 

T3 is an important factor in serum-free medium for human (Deslex et al., 

1987), rat (Deslex et al., 1986) and rabbit (Reyne et al., 1989) preadipocyte 

differentiation. Sztaryd et al. (1989) demonstrated that T3 stimulated differentiation 

of rat preadipocytes through stimulation of fatty acid synthesis. The effect of T3 on 

adipocyte differentiation may be permissive and requires the presence of other 

hormones (Hausman, 1989). In our study, combination of T3 with either insulin or 

hydrocortisone did not significantly change the activity of GPDH of cultured pig 

preadipocytes. 

In summary, these studies have shown that insulin and hydrocortisone 

stimulate the differentiation of pig preadipocytes, as indicated by increased GPDH 

activity, and the expression of both LPL and adipsin mRNA. Unlike human, rat, and 

rabbit primary culture systems, T3 did not have any effect on pig preadipocyte 

differentiation in our system. It seems of particular interest that T3 is not effective 

in this regard, since in vivo studies showed the importance of thyroid hormone in 

adipose development in the pig (Hausman, 1989) and the rat (Sztalryd et al., 1989). 

A more likely explanation may lie in the concept of "endocrine imprinting" suggested 

by Ailhaud (1990). He suggested that the exposure of preadipocytes to the 

endocrine milieu, including thyroid hormone, in vivo prior to harvesting and 
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culturing, represents "endocrine imprinting" which may prepare the cells for 

differentiation. In conclusion, we have established a serum-free culture condition 

which may be useful in studying the regulation of pig preadipocyte differentiation 

in primary culture. 
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CHAPTER 4
 
ISOLATION AND PARTIAL CHARACTERIZATION OF A SERUM-BORNE
 

FACTOR THAT INHIBITS DIFFERENTIATION OF RAT
 
PREADIPOCYTES IN CULTURE
 

Abstract 

There is increasing evidence that serum contains adipogenic and anti

adipogenic factors that regulate the differentiation of adipocytes in culture. We 

were investigating an inhibitor of adipose differentiation in rat serum to better 

understand some aspects of the nature of adipose development. Serum-free 

primary rat preadipocyte culture was used to assay for the activity of the 

inhibitor. This rat serum-borne factor was partially purified by Affi-Gel Blue 

chromatography and FPLC (Mono Q and Superose 12). The molecular weight 

of the inhibitor is approximately 70 kD and has an isoelectric point (p1) value of 

5.33. The inhibitor is a protein, the activity was destroyed by heating to 80°C for 

5 min and by trypsin treatment. SDS-PAGE data indicated that this inhibitor 

coeluted with rat serum albumin. Comparison experiment revealed that the 

inhibitor is not albumin. In these cell culture systems, the inhibitor suppressed 

glycerol-3-phosphate dehydrogenase (GPDH) activity by approximately 50%, 

indicating decreased cell differentiation. 

Introduction 

The identification of the factors controlling adipocyte proliferation and 

differentiation is very important to the investigation on adipose tissue 
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development. The establishment of cell culture for stromal-vascular cells 

(preadipocytes) has provided a model system to investigate the process of 

adipose differentiation in vitro. Using this system, several hormones and growth 

factors have been shown to have adipogenic and antiadipogenic activities 

(Serrero and Mills, 1987). 

Serum contains many substances including adipogenic factors which are 

crucial for adipocyte differentiation and "anti-adipogenic" factors which, though 

poorly defined, may play a significant role in inhibiting the differentiation of 

preadipocytes (Loffler and Hauner, 1987). Studies show that sera from different 

species vary in their ability to promote differentiation of both preadipocyte cell 

line (Kuri-Harcuch and Green, 1978) and rat preadipocyte primary cultures 

(Jewell and Hausman, 1989). 

Pradines-Figueres et al., (1990) found some putative factors in bovine 

serum that inhibit adipocyte differentiation of Ob1771 cells. They include low 

molecular weight, lipophilic components (a serum lipid extract) and high 

molecular weight, hydrophilic components (delipidated serum extract). Adipose 

conversion of 3T3 cells was influenced by an adipogenic factor in serum (Kuri-

Harcuch and Green, 1978). Adipogenic factor in two species of genetically 

obese rodents (db/db mice and fa/fa Zucker rats) has been shown to be similar 

to that found in fetal calf serum (Loffler et al., 1983). A 63 kDa protein 

(preadipocyte stimulating factor, PSF) was identified in rat serum; this protein 

may be highly species specific and may be responsible for the promotion of 
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greater adipose conversion and differentiation of adipocyte precursor cells by rat 

serum than any other sera (Li et al., 1989). 

There is increasing evidence to support the hypothesis that control of cell 

proliferation and differentiation is attained through the integrated action of 

positive and negative growth factors upon specific cells (Marx, 1988). The 

information regarding positive and negative growth factors which modulate 

adipose development is still limited. Therefore, examining such factors is crucial 

in order to understand adipose development. 

Materials 

Dulbecco's Modified Eagle's Medium, Nutrient mixture F-12, Dihydroxy 

acetone phosphate (DHAP), Reduced Nicotinamide Adenine Dinucleotide 

(NADH), gentamicin sulfate, Hepes buffer, Hydrocortisone, Insulin, 

Triiodothyronine, Bovine Transferrin, Hematoxylin, rat serum albumin, trypsin, 

trypsin inhibitor were purchased from Sigma Chemical Co.(St. Louis, MO). 

Affigel-Blue was purchased from Biorad (Richmond ,CA), Collagenase, type I 

from Worthington Biochemical (Freehold, N.J.). Fetal calf Serum (FCS) from 

Intergen Co.. (Purchase, N Y), Fungizone from Gibco BRL, Div. of Life 

Technologies, Inc. (Gaithersburg, MD) and Prepodyne from AMSCO, Medical 

Products Div., (Erie, PA). Serum from three month old male Fischer 344 rats was 

obtained from Hilltop Lab Animals, Inc. (Scottdale, PA.). Male Sprague-Dawley 

rats weighing 160-180 g were purchased from Simonsen Laboratories, Inc. 

(Gilroy, CA). 
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Methods 

Rat preadipocyte Isolation. 

Rats were killed by CO2 asphyxiation. Epididymal adipose tissue was 

aseptically removed. The dissected tissue samples were put in a petri dish 

containing Krebs-Ringer bicarbonate buffer (KRB, 37 °C; pH 7.4) 118 mM NaCI, 

4.8 mM KCI, 10 mM HEPES, 5 mM glucose and 40 mg/L gentamicin sulfate, 

equilibrated with 95 % 02:5 % CO2 and sterilized by filtering through a 0.22 pm 

acordisc filter (Nalgene Co, Rochester, NY). Adipose tissue samples were 

minced with a pair of sterile scissor and digested in a 25 ml digestion flask at 37 

°C in a gyratory water bath with a 2 mg/ml collagenase, in KRB buffer containing 

3 % BSA that was filter sterilized for 1 h. Digested tissue was filtered through a 

sterile single layer of polyester chiffon into 50 ml sterile polypropylene tubes. 

Floating adipocytes were separated from other cells by aspiring the infranatant 

with a sterile syringe fitted with a long needle. The infranatant cell suspension 

was centrifuged at 800 x g for 10 min. S-V pellets were washed three times in 

DME/HAM medium (1:1.v/v) containing 15 mM NaHCO3, 15 mM HEPES buffer 

(pH 7.4), 40 mg/L gentamicin sulfate and 2 mg/L fungizone supplemented with 

10% FSC (plating medium). 

Cell Culture. 

Aliquots of the S-V cells were removed, stained with Rappaport's stain 

and counted on a hemocytometer. S-V cells were seeded in a plating medium on 
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Corning 6 well (35 mm) tissue culture plates at a density of 3 x 10 4 cells/cm'. 

Cells were cultured at 37 °C under a humidified atmosphere of 95% air: 5% CO; 

24 hours later cells were washed for 5 minutes twice and for 1 hour once with 

plating medium without FSC. Cells were subsequently maintained in test media. 

Test media consisted of 1 uM insulin, 1 nM triiodothyronine, 50 ng/ ml 

hydrocortisone, 10 pg/ml transferrin without supplementation or with rat serum 

fractions. Test media were changed every 3 days until day 12 when cultures 

were terminated and protein, DNA and Sn-glycerol-3-phosphate dehydrogenase 

were determined. 

Enzyme Analysis.
 

Glycerol-3-phosphate dehydrogenase (GPDH; EC 1.1.1.8) assay was 

performed by a spectrophotometric method which determines the disappearance 

of NADH during GPDH-catalyzed reduction of dihydroxyacetone phosphate 

(DHAP) under zero order conditions (Kozak and Jensen, 1974, as modified by 

Wise and Green 1979). Activity is expressed as units per mg of protein; 1 unit 

activity is defined as the oxidation of 1 nmole of NADH/min. 

DNA and Protein Content.
 

DNA was assayed as described by LaBarca and Paigen (1980) using 

salmon testes DNA as a standard. Protein content was determined by the dye 

binding method of Bradford (1976) using bovine serum albumin (BSA) as a 

standard. 
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Histochemistry. 

Representative wells from each treatment were fixed in 10% formalin, 

stained with oil red 0 for lipid and counterstained with Harris hematoxylin. 

Preparative isoelectric focusing. 

Isoelectric focusing (IEF) was performed using the Rotofor cell (Bio-Rad). 

Twenty ml of rat serum was equilibrated on Sepadex G-25 column with deionized 

water. 10% glycerol and 2% ampholytes (Bio-lyte 3/10) were added to the 

equilibrated serum. The serum sample was applied to focusing chamber of 

Rotofor cell. To bring the samples to the running temperature (4°C), the Rotofor 

cell was rotated for 15 min before applying the electric current. The run was 

carried out at constant power (12 W). At the completion of the run, the pH 

gradient was determined on the 20 harvested fractions. 0.15 g NaCI and 

deionized water (bring to 2.5 ml) was added to each fraction. Hence, each 

fraction contains 1 M NaCI (NaCI promotes the dissociation of ampholytes from 

the proteins). 2.5 ml fractions then were applied to Pharmacia PD-10 columns 

equilibrated with deionized water to remove salt (desalting). The fractions were 

dialyzed at 4°C and subjected to bioassay. 

Affi -Gel blue chromatography. 

Fifteen ml of rat serum was dialyzed (at 4°C) into membranes tubing 

(excludes molecules between 6000-8000 Da) in 0.02 M phosphate buffer, pH 7.1 
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(buffer A) for 24 hours. The dialyzed serum was applied to Affi-Gel column (Bio-

Rad) of 11.0 x 2.6 (bed volume 60 ml), previously equilibrated with buffer A. The 

effluent from the column was collected (fraction 1). The proteins that bound to 

the column was eluted with buffer A containing 2 M NaCI (fraction 2). The 

fractions were dialyzed at 4°C and subjected to bioassay. 

Anion-exchange chromatography. 

The Affi-Blue fraction (inhibitor) was loaded on to a Mono Q HR 5/5 run 

in a Fast Performance Liquid Chromatography (FPLC) system (Pharmacia). The 

column was equilibrated in 50 mM phosphate buffer, pH 7.4 (buffer A). Bound 

proteins were eluted by a linear 50 salt gradient (0-1 M NaCI in buffer A). I ml 

fractions were collected, dialyzed at 4°C and subjected to bioassay. 

Gel filtration chromatography. 

The Mono Q fraction (inhibitor) was applied to a Superose 12 HR 16/50 

column run in FPLC system. 0.5 ml sample was injected into a 0.5 ml loop and 

the column was run at a flow rate of 0.25 ml/min with 20 mM phosphate buffer, 

pH 7.4. The fractions were collected, dialyzed at 4°C overnight and subjected 

to bioassay. 

Gel electrophoresis. 

Sodium dodecyl sulfate/polyacrylamide (SDS) or native (non-denaturing) 

gel electrophoresis (PAGE) was carried out essentially as describes by Laemmli 
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(1970). The stacking gel was prepared by mixing 4% (w/v) bisacrylamide, 0.5 

M Tris, pH 6.8, 10 % SDS (no SDS for native gel), 10% ammonium persulfate, 

and 1% Temed. The separating gel was prepared by mixing 12% (w/v) 

bisacrylamide, 1.5 M Tris, pH 8.8, 10% SDS (no SDS for native gel), 10 

ammonium persulfate, and 1 % Temed. The sample buffer contained 0.8 M Tris, 

pH 6.8, 0.1% SDS (no SDS for native gel), 10% glycerol and 0.1 M II

mercaptoethanol (no fl-mercaptoethanol for native gel). The electrode buffer, pH 

8.3, for both compartments contained 0.19 M glycine, 0.25 M Tris and 0.1% SDS 

(no SDS for native gel). The electrophoresis was performed at constant voltage 

(100V) at 4°C until the tracking dye (Bromophenol Blue reached the bottom of 

the gel. For visualization of the protein bands, the gels were stained with either 

Coomassie Blue or silver stain. 

Statistical Analysis.
 

Data of experiments were analyzed by analysis of variance procedure of 

NCSS (1984), with differences between means tested for significance by Fisher's 

least significant difference. 
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Results 

Figure 4.1 compares the effects of rat serum fractions separated 

according to their isoelectric points (pI) on GPDH activity of cultured rat 

preadipocytes. Fraction 8 exhibited an inhibitory effect on GPDH activity. From 

this experiment, we determined that the rat serum-borne inhibitor(s) has pl of 

5.33. 

In an attempt to purify the serum-borne inhibitor, rat serum was subjected 

to different steps of protein purification (Figure 4.2). In the initial step in purifying 

this protein inhibitor, rat serum was applied to Affi-gel Blue column. As shown 

in Figure 4.3, proteins which bound to Affi-gel Blue column contain the inhibitor. 

To determine the potency of this inhibitor, different concentrations of this serum 

fraction were exposed to rat preadipocytes in primary culture. As shown in 

Figure 4.4, the maximum inhibitory activity indicated by the reduction of GPDH 

activity was reached at the protein concentration above 100 pg /mI. Figure 4.5 

shows the photomicrograph the effect of inhibitor on cultured rat preadipocytes. 

Fewer lipid containing cells can be observed in cultures treated with the inhibitor 

compared to cultures treated serum free medium (ITTC medium), corresponding 

to GPDH measurement. 

Before proceeding to further steps of protein purification, Affi-gel Blue 

fraction which has the inhibitor was subjected to protein characterization 

experiments. To evaluate whether the inhibitor is a protein or not, two 

experiments were conducted. The first experiment was designed to evaluate the 



48 

300 

250 

200 

150 

100 

50 

0 
01 5 10 

Fraction # 

15 20 25 

FIGURE 4.1. Effect of rat serum fractions on GPDH activity of cultured rat 
preadipocytes. 50 ml Rat serum was applied to focusing chamber of Rotofor 
(Biorad). 20 fractions which have different isoelectric point (pl) were collected 
and subjected to bioassay using rat preadipocyte culture. Values are means ± 
SE of three independent experiments performed on triplicate wells. Means with 
the same letter are not significantly different at (P<.05). 
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Figure 4.2. Purification scheme of the protein inhibitor from rat 
serum 
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FIGURE 4.3. Effect of Affi-gel Blue fractions on GPDH activity of cultured rat 
preadipocytes. 15 ml Rat serum was applied to Affi -gel Blue column (Biorad). 
Starting buffer was phosphate buffer, pH 7.2, and elution buffer was 2 M NaCI 
in starting buffer. fractions which eluted (Fr. 1) and bound Affi -gel Blue column 
(Fr.2) were collected and subjected to bioassay using rat preadipocyte culture. 
Values are means ± SE of three independent experiments performed on triplicate 
wells. Means with the same letter are not significantly different at (P<.05). 
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Figure 4.4. Effect of different concentrations of inhibitor on glycerol-3-phosphate 
dehydrogenase activity of rat preadipocytes in primary culture. Cells were 
maintained in DME/F12 medium supplemented of 1 uM insulin, 1 nM 
triiodothyronine, 50 ng/ ml hydrocortisone, 10 pg /mI transferrin with different 
concentration of inhibitor. Values are means ± of three independent experiments 
performed on triplicate wells. Means with the same letter are not significantly 
different at (P<.05). 
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FIGURE 4.5. Photomicrographs of cultured rat preadipocytes stained with oil red 
O and hematoxylin. Cytoplasmic lipid droplets were stained red with oil red 0 
while nuclei were stained blue with hematoxylin. The inhibitor caused the 
reduction of the number of fat droplets (B) compared to control (A). 
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effect of temperature on inhibitory activity. When the partially purified inhibitor 

was heated in a water bath for 5 min at different temperatures, its inhibitory effect 

on GPDH activity was greatly diminished as the temperature increased (Table 

4.1). This implies that the inhibitor may be characterize as a protein. To further 

support that conclusion, the second experiment was conducted. The serum 

fraction was incubated with trypsin for different time intervals. When the inhibitor 

was incubated with trypsin for 2 hr prior to being added to the culture medium, 

its inhibitory effect was abolished completely (Table 4.2). Therefore, heat 

denaturation and trypsin treatment all indicated that the inhibitor is a protein. 

For further purification, Affi-gel Blue fraction was applied to an ion 

exchange chromatography column (Mono Q). The elution profile is shown in 

Figure 4.6 The serum fraction from Mono Q was subjected to bioassay using rat 

preadipocyte culture. The inhibitor was eluted between 300 and 400 mM NaCI 

(Figure 4.6). In the next step, Mono Q fraction was further purified using gel 

exclusion chromatography column (Superose 12). As shown in Figure 4.7, the 

inhibitor was eluted from a Superose 12 column at volumes corresponding to a 

molecular weight of ± 70 kDa. 

The SDS-polyacrylamide gel electrophoresis (PAGE) patterns of proteins 

contained in the sequential steps in the purification of inhibitor from rat serum 

are shown in Figure 4.8. The data revealed that after molecular weight 

separation using Superose 12 column, there were several protein bands below 

70 kDa. In an attempt to purify to homogeneity, Superose 12 fraction was 



Table 4.1. Effect of different temperatures on inhibitory activity'
 

Temperature GPDH Protein DNA 
(°C) (nmole/mg protein) (ug/dish) (ug/dish) 

37 106.79 ± 15.54° 498.36 ± 86.32° 5.64 ± 1.21° 

55 133.42 ± 20.32° 473.46 ± 79.32° 5.29 ± 0.96° 

65 180.96 ± 29.18b 484.29 ± 64.82° 4.99 ± 0.87° 

80 239.26 ± 21.84` 462.43 ± 58.53° 5.12 ± 1.07° 

1 ml Affigel-Blue fraction was heated to 37°, 55°, 65°, and 80°C for 5 min and cooled to 37°C 
before adding to ITT medium. Note that increasing temperatures increased GPDH activity, 
indicating reduction of inhibitory activity, but had no effect on protein and DNA content. 
'Values are means ± SEM of three culture wells. 



Table 4.2. Effect of trypsin on inhibito activity'
 

Incubation time GPDH Protein DNA 
(min) (nmole/mg protein) (ug/dish) (ug/dish) 

Control 112.34 ± 10.54° 512.92 ± 62.25° 6.19 ± 0.98° 

30 148.12 ± 1946b 490.28 ± 4843° 5.98 ± 0.77° 

60 217.76 ± 30.37 504.28 ± 72.15° 5.67 ± 1.02° 

120 225.94 ± 27.38` 449.98 ± 52.62° 6.87 ± 0.69° 

1 gram (1 ml) Affigel-Blue fraction was incubated with 100 pg/ml trypsin at different interval 
of time. Trypsinization was terminated by adding 5 pl of soybean trypsin inhibitor (500 ug) in 
0.1 M phosphate buffer, pH 6.5. Note that trypsinization increased GPDH activity, indicating 
reduction of inhibitory activity, but had no effect on protein and DNA content. 'Values are 
means ± SEM of three culture wells. 
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A B, C D 

Figure 4.8. Sodium dodecyl sulfate (SDS) oolyacrylamide gel showing the 
electrophoretic banding pattern of proteins from different steps of purification. 
Line A, whole rat serum; line B, Affi-gel Blue fraction; line C, MonoQ fraction, line 
D, Superose 12 fraction and line E, fraction from non-denaturing PAGE. 
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separated using non-denaturing PAGE. The protein bands were cut from the gel 

and eluted using electro-eluter. Finally, the eluted proteins were tested with 

bioassay using rat preadipocyte culture. One fraction, which has a molecular 

weight of ± 70 kDa has the inhibitory activity that suppresses GPDH activity. 

Since the inhibitor has a molecule weight that close to albumin (67 kDa) a major 

serum protein, the inhibitor was compared to rat albumin in the ability to 

suppress GPDH activity of cultured rat preadipocytes. Addition of different 

concentrations of albumin did not have any effect on GPDH activity while the rat 

serum inhibitor suppress approximately 50% of GPDH activity compared to the 

control (Figure 4.9). 

Discussion 

As described in this study, we partially purified a serum-borne factor from 

rat serum that exhibits the ability to suppress GPDH activity of cultured rat 

preadipocytes by approximately 50%. Our results support the notion that serum 

contains adipogenic factors necessary for adipose conversion and 

"antiadipogenic" factors which inhibit adipocyte differentiation (Loffler and 

Hauner, 1987). Furthermore, studies conducted with rat preadipocytes (Des lex 

et al., 1987 and Serrero and Mills, 1987) and sheep preadipocytes (Broad and 

Ham 1983) demonstrate that the presence of serum in culture medium reduces 

drastically the frequency of adipocyte differentiation accompanied by a decrease 

of the GPDH activity by approximately 95% as compared to serum-free 

conditions. 
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Culture condition 

Figure 4.9. Effect of rat serum albumin on glycerol-3-phosphate dehydrogenase 
activity of rat preadipocytes in primary culture. Cells were maintained in 
DME/F12 medium supplemented of 1 uM insulin, 1 nM triiodothyronine, 50 ng/ 
ml hydrocortisone, 10 pg/ml transferrin with different concentration of albumin. 
Culture condition: 1 (control), 2 (100 pg/ml inhibitor), 3 (10 pg/ml albumin), 4 
(100 pg/ml albumin) and 5 (200 pg/ml albumin). Values are means ± of three 
independent experiments performed on triplicate wells. Means with the same 
letter are not significantly different at (P<.05). 
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In order to confirm that the inhibitor is a protein, in one study we heated 

the inhibitor alone in a water bath at different temperatures, whereas in the 

second study, the inhibitor was incubated with trypsin for different intervals of 

time. When the inhibitor was heated at 80° C, its inhibitory activity was 

destroyed completely. Additionally, when the inhibitor was incubated with trypsin 

for 2 hours, and assayed for its effect on GPDH activity, the inhibitor was no 

longer effective. Thus, heat denaturation and trypsin treatment of the inhibitor 

support the probability that this inhibitor is a protein. This inhibitor has an 

isoelectric point of 5.33. 

In order to purify a protein that retains its biological activity, we have to 

have a reliable bioassay. In our study, we were using serum-free culture system 

for rat preadipocytes that promotes a high rate of adipocyte differentiation. 

Several purification steps were performed to isolate this inhibitor. At the first 

step, rat serum was applied to Affi-gel Blue column and the serum fractions was 

subjected to bioassay. Rat serum proteins which bound to the column exhibit 

inhibitory activity on the GPDH activity of cultured rat preadipocytes. To further 

purify this inhibitor, Affi-gel blue fraction was applied to an ion-exchange 

chromatography column (mono Q). Elution profile of the mono Q column 

indicated that the inhibitor eluted between 300 and 400 mM NaCI. The mono Q 

fraction was subsequently separated using gel filtration chromatography column 

(Superose 12). From this separation, the data indicated that the inhibitor eluted 

at the same time as albumin. To examine the purity of the inhibitor, the 
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Superose 12 fraction was subjected to SDS-PAGE. Electrophoretic data indicate 

that this fraction still contained several protein bands, indicating that further 

purification was needed. In the final step of purification in the study, the proteins 

were separated using nondenaturing-PAGE. Several protein bands were 

isolated, eletro-eluted and the inhibitory activity was tested using rat 

preadipocyte culture. Protein band which has a molecular weight of ± 70 kDa, 

possesses the inhibitory activity. Our data also indicate that the protein inhibitor 

is not albumin. This study demonstrate that rat serum possesses anti-adipogenic 

factor that inhibits rat adipocyte differentiation in primary culture. 
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CHAPTER 5 
EFFECT OF RETINOIC ACID ON DIFFERENTIATION OF
 

CULTURED PIG PREADIPOCYTES
 

Abstract 

We studied the effect of retinoic acid (RA) on the differentiation of 

cultured porcine preadipocytes. Porcine preadipocytes were cultured in serum-

free medium (DME/F12 medium containing 100 nM insulin, 10 pg/ml transferrin 

and 50 ng/ml hydrocortisone). Addition of increasing amounts of retinoic acid (1 

nM - 20 pM) to the medium reduced glycerol-3-phosphate dehydrogenase 

(GPDH) activity, a late marker of adipose differentiation. At lower concentrations 

(0.1 -10 nM), RA had no effect on the GPDH activity. Addition of RA (10 pM) for 

24 h during the early stage of development (d 1) greatly inhibited the GPDH 

activity. However, once the cells differentiated, RA no longer had any effect. 

Therefore, RA was most effective in undifferentiated cells. Following a 24 h 

exposure of porcine preadipocytes to RA at day 1, northern blot analysis showed 

that there was a decrease in LPL and adipsin mRNA level. The results suggest 

that RA is a potent inhibitor of porcine preadipocyte differentiation in primary 

culture. 

Introduction 

Retinoids have a wide spectrum of biological activities. Retinoic acid (RA) 

plays an important role in growth and differentiation of embryonic tissues. It also 
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regulates the differentiation of epithelia, connective and hematopoietic tissues 

(Safonova et al., 1994). Retinoic acid (RA) regulates cellular functions by 

binding to intracellular retinoic acid receptors (RAR) or retinoid X receptor 

(RXR). These two retinoid receptor families act via formation of either RAR-RXR 

heterodimer or RXR-RXR homodimers both of which regulate the expression of 

RA target genes (Mangelsdorf and Evans, 1995). 

The nature of the growth and differentiation response elicited by RA 

depends upon the type of cells. Studies showed that RA induced terminal 

differentiation of many cell types (Antrast et al., 1990). In contrast, the 

differentiation of 3T3-L1 preadipocytes was inhibited in an early stage by a high 

dose of RA (Chawla and Lazar, 1994). Another study using Ob17 preadipocyte 

line and rat preadipocyte indicated that at physiological concentration (0.1 10 

nM), RA is a potent inducer of adipose differentiation (Safonova et al., 1994). 

The effects of RA on differentiation of preadipocytes from meat producing 

animals in primary culture have not been explored. The information regarding 

the inhibitory effect of RA on preadipocyte differentiation will be valuable for 

understanding the nature of adipose tissue development. Therefore, the 

objectives of this study was to examine the effect of RA on pig preadipocyte 

differentiation in primary culture. 
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Materials 

Dulbecco's Modified Eagle's Medium, Nutrient mixture F-12, Dihydroxy 

acetone phosphate (DHAP), Reduced Nicotinamide Adenine Dinucleotide 

(NADH), gentamicin sulfate, Hepes buffer, Hydrocortisone, Insulin, 

Triiodothyronine, Bovine Transferrin, Hematoxylin, retinoic acid were purchased 

from Sigma Chemical Co.(St. Louis, MO). Collagenase, type I from Worthington 

Biochemical (Freehold, N.J.). Fetal calf Serum (FCS) from Intergen Co.. 

(Purchase, N Y), Fungizone from Gibco BRL, Div. of Life Technologies, Inc. 

(Gaithersburg, MD) and Prepodyne from AMSCO, Medical Products Div., (Erie, 

PA). 

Methods 

Pig preadipocyte Isolation. 

Crossbred new born pigs between 1 and 2 days of age were obtained 

from a commercial producer and were killed by CO2 asphyxiation. Dorsal 

subcutaneous adipose tissue was aseptically removed. The dissected tissue 

samples were put in a petri dish containing Krebs-Ringer bicarbonate buffer 

(KRB, 37 °C; pH 7.4) 118 mM NaCI, 4.8 mM KCI, 10 mM HEPES, 5 mM glucose 

and 40 mg/L gentamicin sulfate, equilibrated with 95 % 02:5 % CO2 and 

sterilized by filtering through a 0.22 pm acordisc filter (Nalgene Co, Rochester, 

NY). Adipose tissue samples were minced with a pair of sterile scissor and 
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digested in a 25 ml digestion flask at 37 °C in a gyratory water bath with a 2 

mg/ml collagenase, in KRB buffer containing 3 % BSA that was filter sterilized 

for 1 h. Digested tissue was filtered through a sterile single layer of polyester 

chiffon into 50 ml sterile polypropylene tubes. Floating adipocytes were 

separated from other cells by aspiring the infranatant with a sterile syringe fitted 

with a long needle. The infranatant cell suspension was centrifuged at 800 x g 

for 10 min. S-V pellets were washed three times in DME/HAM medium (1:1.v/v) 

containing 15 mM NaHCO3, 15 mM HEPES buffer (pH 7.4), 40 mg/L gentamicin 

sulfate and 2 mg/L fungizone supplemented with 10% FSC (plating medium). 

Cell Culture. 

Aliquots of the S-V cells were removed, stained with Rappaport's stain 

and counted on a hemocytometer. S-V cells were seeded in a plating medium on 

Corning 6 well (35 mm) tissue culture plates at a density of 3 x 10 4 cells/cm2. 

Cells were cultured at 37 °C under a humidified atmosphere of 95% air: 5% CO; 

24 hours later cells were washed 5 minutes twice and 1 hour once with plating 

medium without FSC. Cells were subsequently maintained in test media. Test 

media consisted of 100 nM insulin, 50 ng/ ml hydrocortisone, 10 pg /mI 

transferrin with different concentrations of RA. Test media were changed every 

3 days until day 10 when cultures were terminated and protein, DNA and Sn

glycerol-3-phosphate dehydrogenase and total RNA were determined. 
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Enzyme Analysis. 

Sn-glycerol-3-phosphate dehydrogenase (GPDH; Ec 1.1.1.8) assay was 

performed by a spectrophotometric method for determining of disappearance of 

NADH during GPDH-catalyzed reduction of dihydroxyacetone phosphate under 

zero-order condition (Kozak and Jensen, 1974) as modified by Wise and green 

(1979). Activity is defined as the oxidation of 1 nmole NADH/min. Cytosolic 

protein concentrations of supernatant were determined according to Bradford 

(1976). 

Histochemistry. 

Representative wells from each treatment were fixed in 10% formalin, 

stained with oil red 0 for lipid and counterstained with Harris hematoxylin. 

RNA Isolation and Northern Blot Analysis. 

Total RNA was isolated by extraction with guanidine isothiocyanate 

(Chomczynski and Sacchi, 1987). Total RNA was electrophoresed in 1.5% 

agarose, 2.2 M formaldehyde gels, transferred to nylon membranes (Sigma), and 

covalently linked by UV cross-linking. Membranes were prehybridized in 6x 

SSC, 5x Denhardt,s reagent, 0.5% SDS, and 100 pg/ml denatured salmon sperm 

for 4 hours at 42° C, then hybridized in the same solution containing about 2 x 

106 cpm/ml [a3213]-labelled cDNA probe at 42° C for 24 hours. Labelled cDNA 

probes were synthesized by random priming procedure using [a32P] -dCTP. After 



68 

hybridization, membranes were washed in 2xSSC, 0.1% SDS for 1 hour and in 

0.2xSCC, 0.1% SDS for 30 min at 60°C. Membranes were autoradiographed 

using Storage Phosphor Screen (Molecular Dynamics) for 1 - 2 days and 

scanned using Phospholmager (Molecular Dynamics). 

Statistic analysis. 

Data of experiments were analyzed by analysis of variance procedure of 

NCSS (1984), with differences between means tested for significance by Fisher's 

least significant difference. 

Results 

In previous studies, we have established the serum-free culture system 

that supports the development of pig preadipocytes in primary culture. When 

maintained in serum-free medium containing insulin, transferrin, and 

hydrocortisone for 10 days, the majority of pig preadipocytes underwent cell 

differentiation. Differentiated pig preadipocytes were marked by the 

accumulation of fat droplets and increasing GPDH activity, as a late marker of 

adipocyte differentiation. Using this optimum system, we studied the effect of 

retinoic acid on the development of pig preadipocytes in culture. 

The first objective in this study was to establish the dose respond in order 

to acquire the optimum dose of RA that inhibits adipocyte differentiation. As 

shown in Figure 5.1., when pig preadipocytes were exposed to increasing 
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concentrations of RA, an inhibitory effect on adipocyte differentiation was 

observed. Oil red 0 staining indicates the drastic reduction of fat cell number 

caused by RA treatment (Figure 5.2). Maximum inhibition was achieved at 25 

pM. However, due to toxicity effect at higher of levels of RA (>25 pM), we used 

10 pM RA for the remaining experiments . At this level, RA was able to inhibit 

approximately 80% of the GPDH activity. Safonova et al., (1994) observed that 

at physiological concentrations (1-10 nM), RA acted as an adipogenic which 

stimulates the differentiation of Ob 1771 preadipocyte cell line and rat 

preadipocyte. To determine the adipogenic ability of RA at a low dose, pig 

preadipocytes were cultured in the presence of RA at physiological concentration 

(1- 10 nM). As shown in Figure 5.3 lower dose of RA did not have any effect on 

pig preadipocyte differentiation in culture. To ascertain the time-frame within the 

course of preadipocyte differentiation in which RA exerts its inhibitory effect, the 

following experiments were conducted. In the first, RA, at a concentration of 10 

pM was administered to pig preadipocytes at different days (day 1,4,6,7 and 8). 

The maximum inhibitory effect of RA in suppressing GPDH activity was only 

observed when RA was administrated at day 1 (Figure 5.4) In the second 

experiment, RA at concentration of 10 pM was added to culture medium at day 

1 for 24, 48 and 72 hours. After RA exposure, the cells were washed three times 

to remove the excess RA. As shown in Figure 5.5, 24 hours exposure of RA is 

enough to inhibit GPDH activity of cultured pig preadipocytes. 
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FIGURE 5.1. Effect of high dose of RA on glycerol-3-phosphate dehydrogenase 
activity of pig preadipocytes in primary culture. Cells were plated on 6 well plate 
at a density of 3 x 104 cells/cm2 in DME/F12 medium supplemented with 10 % 
FCS for 24 hours. The next day cells were washed three times with DME/F12 
medium without FCS and subsequently maintained in DME/F12 medium 
containing 10 pg /mI transferrin, 100 nM insulin, 50 ng/ml hydrocortisone and 
different concentrations of RA. GPDH activity was determined at day 10 after 
plating. GPDH activity was used as indicator of cell differentiation. Values are 
means ± of three independent experiments performed on triplicate wells. 
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FIGURE 5.2. Photomicrographs of cultured pig preadipocytes stained with oil red 
0 and hematoxylin. Cells were plated on 6 well plate at a density of 3 x 104 
cells/cm2 in DME/F12 medium supplemented with 10 % FCS for 24 hours. The 
next day cells were washed three times with DME/F12 medium without FCS and 
subsequently maintained in DME/F12 medium containing 10 pg/ml transferrin, 
100 nM insulin and 50 ng/ml hydrocortisone with or without 10 pM RA. 
Cytoplasmic lipid droplets were stained red with oil red 0 while nuclei were 
stained blue with hematoxylin. Note reduction of adipocyte number in RA 
treatment (A) compare to control (B). 
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FIGURE 5.3. Effect of low dose of RA on glycerol-3-phosphate dehydrogenase 
activity of pig in primary culture. Cells were p!ated on 6 well plate at a density 
of 3 x 104 cells/cm2 in DME/F12 medium supplemented with 10 % FCS for 24 
hours. The next day cells were washed three times with DME/F12 medium 
without FCS and subsequently maintained in DME/F12 medium containing 10 
pg /mi transferrin, 100 nM insulin and 50 ng/ml hydrocortisone and different 
concentrations of RA. GPDH activity was determined at day 10 after plating. 
GPDH activity was used as indicator of cell differentiation. Values are means ± 
of three independent experiments performed on triplicate wells. 
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FIGURE 5.4. Effect of RA administration at different time on glycerol -3
phosphate dehydrogenase activity of pig preadipocytes in primary culture. Cells 
were plated on 6 well plate at a density of 3 x 104 cells/cm2 in DME/F12 medium 
supplemented with 10 % FCS for 24 hours. The next day cells were washed 
three times with DMEJF12.medium without FCS and subsequently maintained in 
DME/F12 medium containing 10 pg /mI transferrin, 100 nM insulin, 50 ng/ml 
hydrocortisone. The cells were exposed to 10 pM at different day. GPDH 
activity was determined at day 10 after plating. GPDH activity was used as 
indicator of cell differentiation. Values are means ± of three independent 
experiments performed on triplicate wells. 
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FIGURE 5.5. Effect of exposure time of RA on glycerol-3-phosphate 
dehydrogenase activity of pig preadipocytes in primary culture. Cells were 
plated on 6 well plate at a density of 3 x 104 cells/cm2 in DME/F12 medium 
supplemented with 10 % FCS for 24 hours. The next day cells were washed 
three times with DME/F12 medium without FCS and subsequently maintained in 
DME/F12 medium containing 10 pg /mI transferrin, 100 nM insulin, 50 ng/ml 
hydrocortisone. The cells were exposed to 10 pM RA for 24, 48 and 72 hours. 
GPDH activity was determined at day 10 after plating. GPDH activity was used 
as indicator of cell differentiation. Values are means ± of three independent 
experiments performed on triplicate wells. 
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Studies showed that RA can utilize the thyroid hormone responsive 

element of a certain gene and regulate the expression of this particular gene 

(Umesono et al., 1988). Since our serum-free medium does not contain T3, there 

is a possibility that RA utilize the thyroid hormone responsive element and 

regulates the expression of certain genes that are involved in repression of the 

cell differentiation program. To explore this hypothesis, pig preadipocytes were 

culture in the presence of 10 pM RA and different concentrations of T3. Addition 

of T3 into the culture medium did not interfere with the ability of RA to suppress 

pig preadipocyte differentiation (Figure 5.6). Using established cell lines (3T3

L1 and Ob 1771) and rat preadipocytes, investigators have demonstrated that 

RA inhibits adipocytes by suppressing the expression of genes for early and late 

marker of differentiation (Stone and Bernlohr, 1990, and Safonova et al., 1994). 

An experiment was conducted to examine whether RA also suppress the 

expression of gene for early and late marker of pig preadipocyte differentiation. 

At higher concentration, RA inhibit the expression of LPL mRNA (early marker) 

and adipsin mRNA (Figure 5.7). In order to exert its activity, RA binds to its 

receptors (RARs or RXRs). The RA receptor form a complex of homodimer 

(RXR-RXR) or heterodimer (RAR-RXR) and bind to retinoic acid responsive 

elements (RARE) and regulate negatively or positively the gene expression 

(Kurikawa, 1994). Studies also showed that RA stimulate the expression of 

RARs and RXR (and Safonova et al., 1994). We were attempting to study the 

effect of RA on the expression of RARs and RXRs in cultured pig preadipocytes. 
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EFFECT OF T3 ON RA ACTION ON CULTURED PREADIPOCYTES 
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Figure 5.6. Effect of T3 exposure to RA treated preadipocytes on glycerol -3
phosphate dehydrogenase activity in primary culture. Cells were maintained in
 
DME/F12 medium containing 100 nM insulin, 50 ng/ml hydrocortisone, and 10
 
pg/ml transferrin (basal medium). Different concentrations of T3 was added to
 
basal medium containing 10 pM RA. GPDH activity was determined at day 10
 
after plating. GPDH activity was used as indicator of cell differentiation. Values
 
are means ± of three independent experiments performed on triplicate wells.
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Figure 5.7 Effect of RA on LPL mRNA and adipsin mRNA levels cultured pig 
preadipocytes. Cells were maintained in DME/F12 medium containing 100 
nM insulin, 50 ng/ml hydrocortisone, and 10 pg /mI transferrin (basal medium) 
with different concentrations of RA. Total RNA was extracted at day 10 after 
plating. RNA was blotted with LPL, adipsin and 18 S probes. 
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Figure 5.8 Effect of RA on RAR mRNA and RXR mRNA levels of cultured pig 
preadipocytes and 3T3-L1 cells. Cells were maintained in DME/F12 medium 
containing 100 nM insulin, 50 ng/ml hydrocortisone, and 10 pg/ml transferrin 
(basal medium). Total RNA was extracted at day 10 after plating. RNA was 
blotted with RAR and RXR probes. RNA from mouse 3T3-L1 cells was used 
as a control. Note that the probe did not hybridize RNA from pig adipocytes 
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Unfortunately the RAR and RXR probes isolated from mouse cDNA did not 

hybridize to pig preadipocyte mRNAs (Figure 5.8). 

Discussion 

A study on the effect of RA on pig preadipocyte differentiation in vitro has 

not been done previously. Here we presented the results of our study; which 

demonstrate that at supraphysiological concentrations, RA acts as an 

antiadipogenic that inhibits differentiation of cultured pig preadipocytes. 

This result is in agreement with previous studies performed with rat 

preadipocytes (Safonova et.al., 1994) and cell lines (Chawla and Lazar, 1994 

and Safonova et al,. 1994). The results obtained by Safonova et al., (1994) 

demonstrate that at physiological concentration RA acted as a positive effector 

(adipogenic) of rat and Ob 1771 preadipocyte differentiation. Conversely, our 

data also indicate that at physiological concentration RA did not have any effect 

on GPDH activity of cultured pig preadipocytes. The time-frame when the RA 

is added to the culture medium is also important. Exposure of pig preadipocytes 

to RA at later days decreased the inhibitory effect of RA. In agreement with a 

study done with 3T3-L1 preadipocytes (Stone and Bernlohr., 1990), our data 

indicate that in order to reach its maximum inhibitory effect of adipocyte 

differentiation, RA had to be added for only 24 hours at early stage of culture 

(day 1). This data indicate that RA interferes at an early stage of adipocyte 

differentiation. Once differentiation program has proceeded, RA is not effective. 
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The effects of RA are persistent. Withdrawal of RA from the pig preadipocytes 

does not reverse the differentiation program. This phenomenon was also 

observed in cultured 3T3-L1 preadipocytes (Stone and Bernlohr, 1990). 

Using Ob 1771 cell line Ailhaud et al., (1992) reported that at high 

concentration RA inhibits the expression of genes of early marker (pOb 24 and 

LPL) and late marker (GPDH). Moreover, Antras et al., (1991) demonstrated that 

at supra-physiological concentrations RA regulate the expression of LPL and 

adipsin (a late marker) post-transcriptionally. In the present study, we found that 

RA at high concentration (10 pM) inhibited the expression of LPL mRNA and 

adipsin mRNA. 

The exact mechanisms by which RA exerts its inhibitory effect on the 

process of adipocyte differentiation remain unclear. Glass et al., (1989) stated 

that thyroid hormone receptor (TR) and retinoic acid receptor (RR) form 

heterodimer complexes and bind to the thyroid hormone responsive element 

(TRE) of certain genes and regulate the gene transcriptions. Since our serum-

free medium does not contain T3, we speculated that in the absence of ligand 

(T3), TRE is unoccupied, hence it is accessible for binding of TR-RR complex. 

Therefore, we hypothesized that RA treatment will stimulate the formation of TR

RR heterodimers which bind to TRE and regulate specific genes that regulate 

adipocyte differentiation. To explore this hypothesis, pig preadipoytes were 

cultured in a presence of 10 pM RA and increasing doses of T3. The rationale 

of this experiment is that if maximum concentration of T3 is present in the culture 
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medium, T3 will utilize THE so it becomes inaccessible to TR-RR heterodimer 

complexes. Our result indicates that T3 did not interfere with the inhibitory effect 

of RA in suppressing pig preadipocyte differentiation. We conclude that RA acts 

through some other mechanism. 

Lines of evidence which indicate that RA regulates the transcription 

factors responsible for the expression of adipocyte-specific genes are provided 

by Stone and Bernlohr (1990). Using 3T3-L1 preadipocyte culture, they found 

that treatment of RA profoundly alter the expression of the three components of 

AP-1 transcription factor. Since AP-1, which is composed of homo- and 

heterodimeric complexs of c-jun, c-Fos and Jun-B, is an important transcription 

factor for adipocyte lipid binding protein (ALBP) gene, an adipocyte-specific 

gene, alteration of its components will retard its ability to induce this gene. 

The mode of RA action on the inhibition of adipocyte differentiation needs 

to be elucidated. Since the administration of high levels of retinoic acid may be 

toxic to the animals, designing a compound which can act like RA but is safe for 

meat-producing animals will be desirable for the animal industry. 
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CONCLUSION 

This study was designed to examine the positive and negative regulators 

of adipocyte differentiation in primary culture. In the first experiment, positive 

regulators (hormones) were tested on the ability to promote pig preadipocytes. 

Insulin and hydrocortisone were found to be the important adipogenic factors for 

pig preadipocyte differentiation in primary culture. The effect of insulin and 

hydrocortisone were synergistic. Triiodothyronine (T3), on the other hand, did 

not have any effect on differentiation of pig preadipocytes in primary culture. 

This finding is considered unique since, in other preadipocyte primary culture 

systems (human, rat, and rabbit), T3 is an important component that stimulate 

adipose conversion. 

In the second experiment, an inhibitor (an anti-adipogenic factor) which 

inhibited the differentiation of rat preadipocytes in culture was partially isolated. 

The inhibitor is a protein which has an apparent molecular weight of 

approximately 70 KDa and isoelectric point (pl value) of 5.33. It's ability to inhibit 

rat preadipocyte differentiation was abolished by heating to 80°C and by trypsin 

treatment. The inhibitor has the ability to inhibit 50% of glycerol-3-phosphate 

(GPDH) activity, an indicator of preadipocyte differentiation. Even though the 

inhibitor coeluted with albumin, a comparison study indicated that the inhibitor 

is not albumin. 



83 

The third study was conducted to examine the inhibitory effect of retinoic 

acid on pig preadipocyte differentiation in primary culture. We found for the first 

time that retinoic acid at supraphysiological level was a potent inhibitor of pig 

preadipcoyte differentiation in primary culture. Administration of retinoic acid at 

an early stage of culture caused a complete inhibition of preadipocyte 

differentiation indicating that it's action was effective in an early stage of the 

differentiation program. Retinoic acid inhibited the activity of GPDH activity as 

well as the expression of lipoprotein and adipsin mRNAs. 
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Appendix A. Stromal vascular cell isolation 

1.	 Preparation of KRB-Glu-BSA FrV 
for 10 flasks (3 gram tissue/flask) : 
- 10 flasks x 15 ml/flask = 150 ml incubation medium 
- 10 flasks x 30 ml x 3 = 900 ml washing medium 

Total = 1500 ml 

1500 ml medium consists of : 

Content in ml in gram 

0.770 M NaCI 237.000 10.6650 
0.770 M KCI 9.450 0.5425 
0.770 M KH2PO4 2.325 0.2435 
0.770 M MgSO4 2.325 0.4415 
0.770 M NaHCO3 49.800 3.2220 
0.3 M Glucose 150.000 8.1000 
H2O 1200.0000 
0.275 M CaCl2.H20 7.20 0.2910 

gas 10 min. with 95%02:5%CO2 (before adding BSA)
 
add 7.15 gram Hepes to 1500 stock solution (20 mM Hepes)
 
add 20 % BSA FrV to the incubation medium: 30 ml BSA to make 150 ml
 
incubation media.
 

2. Procedure: 

1. slice tissue 0.025" (0.65 mm) thick or mince 
2. add 3 gram sliced or minced tissue to a polypolylene or siliconized 

flask (1 gram tissue yields about 1 cc cells) 
3. add 15 ml incubation medium (KRB-Glu-BSA frV, 37 C) 
4. add 30 mg collagenase to flask (10 mg collagenase/1 gram tissue) 
5. Swirl flask to dissolve collagenase 
6. gas flask with 95%02:5%CO2 and stopper (gas phase only) 
7. incubate 1 hour @ 37 C on gygatory waterbath (setting 2) 
8. filter into a sterile polypropylene centrifuge tube through nylon chyfon 
9. let sit at 37 C, cell rise to top 
10. remove mature adipocyte by suction. 
11. the free adipocyte solution is centrifuged at 800 g.av for 5 min. 
12. The pellet is washed with serum-free Ham's F12 medium three times 

by centrifugation. 
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13. The final pellet is resuspended with serum-free Ham's F12 medium. 
14. Aliquot cell suspension is counted using a hemocytometer. 

Appendix B. Stromel vascular cell counting 

1. Hemocytometer 

This instrument can be used to determine the number of stromal vascular cells. 

1.Look at the hemacytometer and locate the shiny surfaced portions 
which are the counting areas crossed with microscopic grid lines. 

2.Notice that the cover slip does not rest on the grid area but on the 
shoulders to either side. 

3.Place the hemocytometer under the microscope and locate the grids. 
Notice the 25 larger squares with triple lines and the 400 smaller 
squares; 16 per large square in the center of the marked area. The triple 
lines outline an area 1 mm square. 

4.The volume of the counting chamber is determined by multiplying the 
depth of the chamber by the grid area: 0.1 mm X 1 mm X 1 mm= 0.1 
cubic mm (mm3). The volume over each small square is 0.00025 mm3. 

2. Counting 

1. Touch the pipette to the angle of the coverslip and surface and allow 
the aliquot stromal vascular cell to flow under the coverslips until the 
area is filled. Do not overfill. 

2. Locate the counting area under low power (100X) and the switch to
 
high power (450X) for counting.
 

3. We will count only 5 large squares or a total of 80 small squares.
 
These should be counted diagonally from the left top to right bottom.
 

4. Include those cells inside the triple lines and the cells on the bottom and 
right sides touching the center line. Eliminate counting cells twice. 

3. Calculation of concentration 

1. Dilute rate with the pipette in 1:200 (predetermined). 
2. 5 small squares (5X16) were counted on the hemacytometer. These 80
 

squares contain 80/400 X 1/50 mm3 (hemocytometer factor).
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3. You counted x number of cells in the 1/50 mm3. 
4. Dilute rate X hemacytometer factor X cell counted = cells/mm3.
 

200 X 50 X x cells = 10,000 x/mm3.
 
5. Concentration is normally expressed as cells/cubic cm or ml.
 

1 cc = 1000 mm3 therefore:
 
200 X 50 X x X 1000 = 10,000,000 (x) cells/cc.
 

Appendix C. Preparation of culture medium 

Culture medium: 

1. DMEM 

2. Ham's F12 

Procedure: 

1. Measure 900 ml cold (15 - 30° C) distilled water or deionized water, and	 put 
into 100 ml erlenmeyer beaker. 

2. Rinse out the inside the original container to remove all traces of powder. 

3. Stir water and powder slowly (using stirring bar). 
4. Add sodium bicarbonate (NaHCO2): 3.70 gram for DMEM medium and 

1.176 gram for F12 medium. Gently stir until NaHCO2 is dissolved. 
5. Add gentamicin sulfate 
6. Add additional water to bring medium to final volume (1000 ml) 
7. Adjust the pH of medium, if needed, with 1 N sodium hydroxide or 1 N 

hydrochloric acid. Since the pH will rise during filtration, adjust pH to 0.2 
0.3 units lower than final pH desired. 

8. Sterilize by filtration through a membrane of 0.20 pm porosity (Falcon 
7105 Bottle top filter 0.22 pm without grid) 

9. Label and store at 2-8° C. 

Appendix D. Histochemistry 

a. Oil Red 0 (ORO) 

1. purpose: to demonstrate fat in the cytoplasm 
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2. Solution : - 100% Propylene glycol 
- 60% Propylene glycol in distilled water 
- 0.5% Oil Red 0 solution in 100% Propylene glycol 
- Harris' haematoxylin 
- Diluted acid, e.g. 0.1 HCI in water 

- Glycerine-gelatin (40 g gelatin + 210 ml water +120 ml 
glycerine) 

a Fixation: air drying 

4. Procedure: 
1. Post fix in 10% buffered neutral formalin (10m137 -40% formalin
 

solution + 90 ml water + 1 gram calcium carbonate/add calcium
 
carbonate in excess.
 

2. Rinse in distilled water. 
3. Leave in 100% propylene glycol, 2 min. 
4. Stain in Oil Red 0, 10 min. 
5. Differentiate in 60% propylene glycol, 1 min. 
6. Rinse in distilled water. 
7. Stain in Heamatoxylin,6 min. 
8. Rinse in running water for 10 min. 
9. Mount in glycerine jelly. 

5. Result: fat red and nuclei blue 

Staining solution: 

1. Chemicals: 
- Oil Red 0, 0.5 gram 
- Propylene glycol, 100% 100.0 ml 

2. Preparation: 
- add small amount of propylene glycol to the dye and mix well: crush 

larger pieces 
- gradually add the remainder of the propylene glycol, stirring
 

occasionally
 
- heat gently until solution reaches 95 C, stir while heating 
- filter to coarse filter paper while still warm 
- allow to stand overnight at room temperature 

- filter through Seitz filter with the aid of a vacuum (when using Seitz 
filter put rough surface of filter uppermost). If solution became turbid, 

refilter. 
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Appendix E. Purification of serum proteins using Affi-gel Blue column. 

Affi -Gel Blue (Biorad) has been used to separate and purify a number of different 
serum and plasma proteins. 

Procedure : 

1. Prepare a column of Affi -Gel Blue, 50-100 mesh, with a total bed volume of 5 
ml per milliliter of serum to be processed. 

2. Prewash the column with 2 bed volumes of 0.02 M phosphate buffer, pH	 7.1 
(buffer A). 

3. Equilibrate the serum sample in buffer A by dialyzing over-night. 

4. Apply the dialyzed serum sample to the column. 

5. Wash the column with 2 bed volumes of buffer A. The effluent from this 
step contains the serum proteins minus most of the albumin fractions. 

6. Elute the albumin fractions with 2 M NaCI in buffer A. 

7. Regenerate the column with 2 bed volumes of 2 M guanidine HCI in buffer 
A and wash the column with 2 bed volumes of buffer A. 

Appendix F. How to operate fast performance liquid chromatography 
(FPLC)- Parmacia 

Procedure: 

1. Turn on the computer. 

2. Type Lcc, and type AGS (name of your file) 

3. Type Direct Control 

4. Type Manual 

5. Wash the pump A with DD-H20: 
Set/type valve to 1.3 (valve 1.3 is bypass) 
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- Set/type WASH ----- A (type 1.0) 
- done 

6. Wash the pump B with DD-H20: 
Set/type valve to 1.3 

- Set/type WASH ----- B (type 0.1) 

7. Remove the bubble from the tube (go to bypass) 
- set the valve back to 1.1 
- connect the tube to #1 at valve 1 (white box under the column) 
- set/type the flow rate (ml/min) to 5.0 
- let it run for 3 min. 

8. Connect the column 
- 1st quickly connect the bottom tube (from column) with the with box.
 

2nd quickly connect the to tube (from the column) with Valve 1, #1.
 

9. Start washing the column 
- Set flow rate (ml/min) to 0.1 ml, watch the pressure (MPa). 
- Gradually increase the low rate to 0.2 ml, 0.4 ml, watch the pressure and 

finally to 0.5 ml. The pressure should be ± 2 MPa. 
Let it run for 1 hour. 

10. Equilibrate the column with the buffer 
- Set the valve to 1.3 (valve 1, position 3) 
- Wash pump A and B (see 5 and 6)
 

Set the valve back to 1.1
 
- Wash the column with the buffer for 1 hour 
- Set/type Monitor (Method: monitor chr.: M1) 
- Enter/start 
- Choose Monitor
 

Type M1
 
- Type Yes 
- Go to direct control 
- Set the flow rate (ml/min to 0.5 
- Type Cancel (hold the Auto Zero, mark at UV monitor) 

- You will see the elution profile at the monitor 

11. How to load the sample 
- Make sure you filter the sample (using 0.2 pm syringe filter) before loading 

the sample.
 
Rinse the syringe with DD-H20 twice.
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-Take 1 ml of DD-H20 and inject to the valve slowly, do one more time. 
- Inject the sample (300 pl serum fraction), leave the syringe in the valve. 

12. Run the column (program 2) 
Time 
0.00 Conc. %B 0 
0.00 ml/min 0.5 
0.00 Valve pos. 1.1 

1.00 Valve pos. 1.2 
1.00 Port. Set. 6.1 
3.00 Valve pos. 1.1 

3.00 Conc. %B 0 
23.00 ---;;--- 50 
23.01 ---;;--- 100 
30.00 ---;;--- 100 
30.01 ---;; 0 
38.00 Port. Set. 6.0 




