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Introduction 
Machlin (1 972a) presented a paper on hormonal regula- 

tion of fat deposition at the Reciprocal Meat Conference in 
1972. He concluded, “if one could find an appropriate stimu- 
lus for growth hormone production in the pig, this might have 
application as an aid in genetic selection and perhaps as a 
method to reduce carcass fat.” Seventeen years later, it is 
now apparent that a growth hormone or somatotropin (ST)- 
based product will soon be available for commercial animal 
agriculture. This product will revolutionize animal agriculture. 

Numerous studies have established beyond our most 
optimistic expectation the prophetic insight of Machlin’s spec- 
ulation. These studies have demonstrated that treating pigs 
with porcine somatotropin (pST) dramatically increases pig 
growth performance (Machlin, 1972b; Chung et al., 1985; 
Etherton et al., 1986, 1987; Evock et al., 1988; Campbell et 
al., 1988). The magnitude of response to pST has varied 
somewhat, primarily because of differences in experimental 
design (e.g., initial pig weight, length of study, breed, sex, 
dose of pST used and differences in diet). Despite these 
differences, however, pST increases average daily gain ap- 
proximately 10% to 20%, improves feed efficiency 15% to 
35%, decreases adipose tissue mass and lipid accretion 
rates by as much as 50% to 80% and concurrently increases 
protein deposition by as much as 50% (Machlin, 1972; 
Chung et al., 1985; Etherton et al., 1986, 1987; Evock et al., 
1988; Campbell et al., 1988). 

What we could not dream of in 1972 - a means to produce 
large quantities of pST inexpensively - has become reality 
through molecular biology. The benefits are considerable. 
Producers will have an effective means to increase their 
enterprise profitability and consumers will have leaner fresh 
pork that is indistinguishable in sensory properties from 
untreated pork. This latter benefit will be of particular interest 
to consumers who are concerned about the relationship 
between the consumption of saturated fatty acids and coro- 
nary heart disease. In the U.S.A., the present dietary guide- 
lines recommend that consumption of saturated fatty acids 
be reduced to less than 10% of total calories. Porcine ST is 
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an effective strategy for safely producing leaner pork that will 
enable consumers to include pork in their diet and still 
achieve these new dietary recommendations. 

Diversity of pST Biological Effects 
Porcine somatotropin is a 191 amino acid protein that is 

secreted from the anterior pituitary (Fig. 1). Secretion is 
stimulated by growth hormone releasing factor (GRF) and 
inhibited by somatostatin (SRIF). As shown in Figure 1, pST 
causes a variety of biological effects that can broadly be 
classified as either somatogenic (Le., stimulate cell prolifera- 
tion) or metabolic. Porcine ST alters the manner in which 
nutrients are partitioned in the growing animal remarkably. 
The biological effects that pST has result in a marked redi- 
rection of nutrients away from lipid deposition in adipose 
tissue to other tissues such as muscle. The biological effects 
of pST in adipose tissue are catabolic whereas the effects in 
muscle, cartilage and bone are anabolic. These opposing 
biological effects of pST illustrate well the diverse nature of 
the hormone. The mechanisms by which one hormone can 
affect such a variety of target tissues in so many diverse 
ways biologically is a subject of great interest and ongoing 
inquiry. In this paper, our current understanding of how pST 
works will be discussed. 

Metabolic Effects of pST 

Adipose Tissue 
It is clear that pST affects numerous metabolic pathways 

that influence the partitioning of nutrients among tissues. The 
precipitous decrease in adipose tissue accretion rate is a 
good example of this phenomenon. The effects of pST on 
adipose tissue metabolism are important because they: 1) 
establish the rate of adipose tissue accretion and, therefore, 
the extent to which pST affects carcass composition, 2) play 
a key role in accounting for the effects that pST has on feed 
efficiency and 3) likely play a role in the decrease observed in 
feed intake of pST-treated pigs. It is evident that a significant 
quantity of glucose must be redirected to other tissues when 
adipose tissue accretion rates are reduced to the extent they 
are by pST. We have speculated that perhaps 20% to 40% of 
the glucose cleared per day is used for lipid synthesis in the 
pig (Etherton, 1989). There is no direct, quantitative informa- 
tion, however, about the proportion of this glucose that is 
redirected away from lipid deposition in adipose tissue by 
pST. 
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Diversity of somatotropin's biological effects. Growth hormone re- 
leasing factor (GRF) stimulates somatotropin release from the anter- 
ior pituitary (A. pituitary). Somatotropin release is inhibited by 
somatostatin (SRIF). Abbreviations: insulin-like growth factor I 
(IGF-I); insulin-like growth factor binding protein (IGF-BP); growth 
hormone (GH). 

Accretion of adipose tissue is a function of the relative 
rates of triglyceride synthesis and degradation (lipolysis). 
Because pST decreases growth rate of adipose tissue, lipid 
synthesis must decrease, lipolysis increase or both occur. 
We have found that pST affects lipid synthetic events in two 
ways: 1) there is a striking decrease in glucose utilization by 
porcine adipocytes and 2) the stimulatory effects of insulin on 
glucose metabolism are blunted (see Figure 2). There is 
some evidence which suggests that pST potentiates the 
effects of lipolytic hormones (Boyd and Bauman, 1988). In 
the latter study, an epinephrine challenge caused a greater 
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rise in plasma free fatty acide (FFA) concentration in pigs 
treated chronically with pST than controls. There is no infor- 
mation which resolves whether pST affects FFA turnover in 
vivo. It is our belief that in growing pigs fed ad libitum the 
predominant effects of pST on adipose tissue accretion are 
the result of changes in lipid synthesis. This belief is also 
supported by the observations of Bauman et at. (1988) who 
have shown that bovine ST (bST) increases plasma free fatty 
acid (FFA) concentration and FFA turnover in cows in nega- 
tive energy balance. In contrast, FFA concentrations in cows 
treated with bST in positive energy balance are unaffected 
(Eppard et al., 1985; Richard et al., 1985). The latter results 
indicate that bST treatment must alter lipid synthesis rather 
than the rate of lipolysis. 

We have found that treating pigs with pST for 7 d (70 Kgi 
Kg body weight) reduces fatty acid synthesis 50% to 70% 
(Walton et al., 1987) and that this is paralleled by a decline in 
activity of several lipogenic enzymes (glucose-6-phosphate 
dehydrogenase, 6-phosphogluconate dehydrogenase, malic 
enzyme and fatty acid synthase; Magri and Etherton, 1989). 
The extent to which pST affects lipogenic enzyme activity is 
illustrated by the observation that fatty acid synthase activity 
is abolished after 7 d of pST treatment. In addition to directly 
affecting glucose utilization, pST also markedly decreases 
the stimulatory effects of insulin on lipogenesis and glucose 
transport (Walton et al., 1987; Magri and Etherton, 1989). 
These effects of pST are intrinsic properties since they are 
mimicked by recombinant pST. 

To establish whether the effects of pST are direct, we 
have developed techniques for culturing porcine adipose 
tissue in a defined medium that maintains lipogenic capacity 
for 48 h (Walton and Etherton, 1986; Walton et al., 1986; 
Walton and Etherton, 1987). These studies have shown that 
pST blunts the ability of insulin to maintain lipogenic capacity 
in a dose-dependent manner. Similar findings have been 
reported for ovine and bovine adipose tissue (Vernon et al., 
1982; Etherton et al., 1987a). These observations suggest 
that the effects of pST are direct and not mediated indirectly 
by IGF-I. Furthermore, the effects of pST in culture are not 
observed in short-term incubations (2 h), but rather are 
observed only after chronic exposure of the tissue to pST. 
This suggests that pST acts to inhibit glucose utilization by 
changing the mass of key lipogenic enzymes, second mes- 
sengers or glucose transporters. 

Studies have been conducted to determine if the decline 
in insulin sensitivity of porcine adipocytes is the result of a 
decrease in insulin binding. We have found that insulin 
binding is not affected by pST nor is insulin receptor tyrosine 
kinase activity altered by pST (Magri and Etherton, 1989). 
This suggests that pST blocks insulin action at a site beyond 
recognition of insulin by the receptor or phosphorylation of an 
important intracellular protein involved in the cascade of 
events associated with the generation of chemical signals 
that mediate the intracellular effects Of insulin. 

Recently, a low-molecular weight substance has been 
purified which acts as a mediator of some of the biological 
effects of insulin (Lamer, 1988; Saltiel and Cuatrecasas, 
1988), This substance has an inositol glycan structure and is 
produced by an insulin-sensitive hydrolysis of a glycosyl- 
phosphatidylinositol in the plasma membrane. This hydroly- 
sis is catalyzed by a specific phospholipase C. It will be 

The effects of porcine somatotropin (pST) on lipid metabolism in 
porcine adipocytes. Porcine ST inhibits glucose transport, glucose 
oxidation and fatty acid synthesis. Binding of pST to its receptor 
(denoted by open bar) initiates the biological effects of the hormone. 
pST inhibits insulin action without inhibiting binding of insulin to its 
receptor. The insulin receptor is comprised of four subunits; two Q 
subunits bind the hormone and the two p subunits span the mem- 
brane. The p subunits contain the tyrosine kinase domains. AS 
discussed in the text, it is still unclear to what extent pST affects 
lipolysis and release of fatty acids and glycerol from the cell. 
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interesting to determine if pST affects the production of this 
insulin mediator. Given the profound effects that pST has on 
insulin action, which are post-receptor effects, it is reason- 
able to believe that pST may exert some regulatory effect on 
the production of this mediator. 

It has been suggested that ST acts by activating protein 
kinase C in preadipose Ob1771 cells (Doglio et al., 1989). In 
preadipocyte cells, ST promotes differentiation. Doglio et al. 
(1989) reported that ST rapidly and transiently increased the 
expression of the c-fos gene in confluent Ob1 771 cells and 
that this involved the activation of protein kinase C mediated 
by diglyceride formation. Interestingly, ST did not cause an 
accumulation of inositol phospholipids which led Doglio et al. 
(1989) to speculate that other plasma membrane 
glycerophospholipids are hydrolyzed by ST and these may 
play a critical role in signal transduction. Since ST is a 
pleiotropic hormone, it is not implausible to speculate that 
there are a variety of ST mediators involved in the signal 
pathway and these may vary in a manner dependent upon 
the tissue examined and the physiological state of the animal. 

Insulin Sensitivity and Glucose Kinetics 
Treatment of pigs with pST increases plasma glucose and 

insulin concentrations (Etherton et al., 1987b; Evock et al., 
1988). A concurrent elevation in plasma glucose and insulin 
is one of the classical manifestations of an insulin-resistant 
state. This increase in plasma glucose and insulin concentra- 
tion is associated with a decrease in glucose clearance and 
insulin sensitivity in vivo (Gopinath and Etherton, 1989a,b). 
Other approaches (using a euglycemic clamp technique) 
have also established that pST reduces insulin sensitivity in 
pigs (see Boyd and Bauman, 1988). 

In addition to the effects that pST has on glucose clear- 
ance, we have found that hepatic glucose output is increased 
by pST treatment. Thus, the increase in plasma glucose 
concentration in pST-treated pigs is the result of an increase 
in hepatic glucose output and a decrease in glucose clear- 
ance. The increase in hepatic glucose output appears to be 
associated with a reduction in the insulin sensitivity of liver 
(Gopinath & Etherton, 1989b). 

Protein Metabolism 
There are data which indirectly support the idea that 

amino acid flux from muscle to liver is perturbed by pST. In all 
the studies we have done, one of the most consistent find- 
ings is that pST treatment decreases blood urea nitrogen 
concentration. This suggests that hepatic amino acid degra- 
dation is reduced and infers that delivery of amino acids from 
peripheral tissues to the liver is also reduced. It remains to be 
established whether this change in delivery of amino acids to 
the liver is a function of changes in amino acid uptake by 
muscle, release or both. Studies with hypophysectomized 
rats (Albertsson-Wikland, 1980) and normal rats (Schwartz, 
1982) have shown that ST stimulates protein synthesis in 
diaphragm muscle. IGF-I also plays a role in protein synthe- 
sis and degradation. IGF-I has been shown to stimulate 
protein synthesis in the soleus and extensor digitorurn 
longus muscles of rats (Monier et al., 1983). Ballard et al. 
(1986) found that both IGF-I and IGF-II stimulated protein 
synthesis and inhibited protein degradation in rat L6 

myoblasts. In-vivo studies looking at the effects of pST on 
protein synthesis and degradation in pigs are needed to 
resolve the contribution that changes in protein synthesis 
and/or degradation make to alterations in muscle protein 
deposition rates. In addition to affecting protein metabolism, 
IGF-I also stimulates proliferation of satellite cells in skeletal 
muscle (Allen and Boxhorn, 1989) an event which plays an 
important role in postnatal muscle growth. 

Somatotropin Receptors 
Binding of pST to its receptor is the initial step in hormone 

action. There is great interest in determining the pST recep- 
tor structure, whether there are different pST receptors in 
muscle, liver and adipose tissue and the means by which the 
receptor generates chemical signals which mediate the bio- 
logical effects of pST. Little information is available about the 
pST receptor. There is, however, some information about the 
structure of the ST receptor. The human ST and rabbit ST 
receptors have been cloned (Leung et al., 1987). Both clones 
contain an open reading frame of 638 amino acids which 
includes an 18 amino acid membrane signal sequence. The 
mature form of the receptor has 620 amino acids with a M, of 
70,000. This is much smaller than the 130 kDa molecular 
weight determined by SDS-gel electrophoresis. The differ- 
ence is likely the result of glycosylation and the presence of 
covalently bound ubiquitin (Leung et al. 1987). 

The sequence described by Leung et al. (1987) indicates 
that the soluble ST binding protein found in rabbit serum also 
has the same sequence as the extracellular domain of the 
receptor. This suggests that the ST binding protein in blood is 
derived by proteolysis of the receptor near the transmem- 
brane domain. Preliminary studies conducted in our laborato- 
ry have indicated that a ST binding protein is also present in 
pig blood. The physiological role of this protein is not clear. 

Somatogenic Effects of pST 

Insulin-Like Growth Factors 
Insulin-like growth factor I (IGF-I) is a potent mitogen. As 

the name implies, it shares considerable homology with 
insulin (see Rechler, 1988 for review). IGF-I is a single chain 
peptide with a M, of 7,500 and consists of four domains, 
designated B-C-A-D. IGF-I is a highly conserved molecule in 
that human, bovine and porcine IGF-I have identical amino 
acid sequences (Rechler, 1988). Plasma levels of IGF-I are 
regulated by ST. The observation that ST increases plasma 
IGF-I has generated interest in evaluating the feasibility of 
treating meat animals with IGF-I (see discussion below). 

The somatomedin hypothesis implies that ST stimulates 
cell proliferation indirectly as a result of an increase in 
circulating plasma IGF-I. This has led to the belief that all the 
mitogenic effects of ST were mediated by the elevation of 
plasma IGF-I. During the past six years, however, information 
has been published which conclusively demonstrates that ST 
also stimulates the production of IGF-I locally. Local adminis- 
tration of ST into the proximal tibial epiphyseal plate of 
hypophysectomized rats stimulates longitudinal bone growth 
(Isaksson et al., 1982; Russell and Spencer, 1985). Other 
evidence, such as the finding of specific binding sites for ST 
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on chondrocytes from rabbit ear and epiphyseal growth plate 
(Eden et al., 1983) and the observation that ST stimulates 
DNA and proteoglycan synthesis in cultured chondrocytes, 
(Madsen et al., 1983, 1985), are incompatible with the effects 
of ST being mediated solely by circulating IGF-I. These 
findings imply that ST may stimulate local production of IGF-I 
and that locally produced IGF-I plays an important role in 
mediating the somatogenic effects of ST. Recently, lsgaard 
et al. (1 988) reported that treating hypophysectomized rats 
with ST increased IGF-I mRNA abundance in rat rib growth 
cartilage in a dose-dependent manner. These findings are 
significant because they not only indicate that IGF-I acts in an 
endocrine manner but also acts as a paracrine or autocrine 
growth factor and that local production of IGF-I is under ST 
regulation. The finding that IGF-I mRNA is also present in a 
variety of rat tissues (Murphy et al., 1987) indicates that a 
number of other tissues express the IGF-I gene and that 
locally produced IGF-I plays an important role in cell prolif- 
eration. 

What is unclear is the biological significance of locally 
produced IGF-I. Daughaday has recently suggested (1 989) 
that both locally produced and endocrine IGF-I are involved. 
With respect to the effects of STon bone growth, Daughaday 
has pointed out that the growth response to ST injected into 
the growth plate is far less than that which can be induced by 
S.C. injection of ST which suggests that IGF-I in the circulation 
plays an important role in regulating skeletal growth. 

The awareness that the somatogenic effects of ST are 
mediated by IGF-I has led to experiments to determine 
whether administration of exogenous IGF-I increases growth 
rate. Studies with hypophysectomized and normal rats have 
shown that exogenous IGF-I increases growth; however, the 
effects are much less than observed with ST (Schoenle et 
al., 1982, 1985; Skottner et al., 1987). This raises the ques- 
tion of the importance of circulating IGF-I as a mediator of the 
growth-promoting effects of ST. Before any conclusions are 
drawn about the effects of IGF-I from the studies with 
hypophysectomized rats, it is important to realize that the 
hypophysectomized rat lacks all pituitary hormones and, as 
such, is not a good model for examining the effects of IGF-I in 
pituitary-intact animals such as the pig. 

We have considered the possibility that treating pigs with 
exogenous IGF-I might be an alternative means of increasing 
pig growth performance. Several observations, however, 
suggest that while IGF-I may increase growth rate in pigs 
(which remains to be established), IGF-I treatment will not be 
comparable to the effects observed with pST. This is be- 
cause the metabolic effects of pST in adipose tissue are not 
mimicked by IGF-I (specifically, the effects of pST on glucose 
uptake, metabolism and insulin sensitivity). It is our conten- 
tion that the metabolic effects of pST play an integral role in 
regulating the rate of adipose tissue accretion and, hence, 
are an important determinant in establishing the changes in 
carcass composition and feed efficiency. Furthermore, the 
IGF-binding proteins play an important role in regulating the 
biological effects of IGF-I. 

Insulin-Like Growth Factor Binding Proteins 
IGF-I in human plasma and pig serum circulates bound to 

insulin-like growth factor binding proteins (IGF-BPs) (Hintz, 

1974; Megyesi et al., 1975; Hintz and Liu, 1977; Evock et al., 
1989). In pigs, there is no detectable free IGF-I in the 
circulation (Evock et al., 1989). Approximately 70% to 80% of 
the immunoreactive IGF-I is bound to a 150 kDa IGF-BP 
complex, with the remainder associated with a 40 kDa IGF- 
BP (Evock et al., 1989). When porcine serum is incubated 
with 1251-IGF-I and then fractionated over a FPLC sizing 
column, little is bound to the 150 kDa IGF-BP (which is pST- 
dependent), approximately 40% is bound to a smaller IGF- 
BP (= 40 kDa and not regulated by pST) and the remainder 
is free. Thus, the high molecular weight IGF-BP is saturated 
with endogenous IGF-I and is the major IGF-I transport 
protein in porcine serum. 

Evidence which corroborates the finding that porcine IGF- 
BPs are highly occupied with endogenous IGF-I in vivo 
comes from studies in which pigs have been treated with 
exogenous IGF-I (Walton et al., 1989b). In this study, 
recombinant human IGF-I (either 4 or 8 mg/day) was admin- 
istered daily (as a single intra-arterial injection) for three 
consecutive days, blood samples were taken frequently and 
IGF-I clearance determined. IGF-I was cleared quite rapidly 
(t,,2 = 6 min). In addition, administration of free IGF-I caused 
hypoglycemia. 

The temporal profile of the elevation in IGF-I after adminis- 
tration of IGF-I differs substantially from that observed after 
pST treatment. When pigs are treated with a single i.m. 
injection of pST daily for several days, IGF-I concentration 
increases, reaches a maximum level by day 3 which is 
maintained in a stable manner for the duration of the pST- 
treatment period period (Walton and Etherton, 1989). The 
rapid clearance observed when pigs are treated with exoge- 
nous IGF-I is apparently a function of the available binding 
sites for IGF-I on the IGF-BPs. When the IGF-BPs are highly 
occupied with endogenous IGF-I, little exogenous IGF-I binds 
and the ability of the IGF-BPs to inhibit clearance of IGF-I is 
lost. In contrast, pST treatment of pigs increases both IGF-I 
and 150 kDa IGF-BP concentrations in a parallel manner 
(Walton and Etherton, 1989). The result is that the t,,2 of IGF-I 
bound to the IGF-BP complex is prolonged markedly. 

The finding that the 150 kDa IGF-BP complex is largely 
saturated with IGF-I suggests that there are no available 
binding sites for IGFs. The observation, however, that 
1251-IGF-ll can bind significantly to the 150 kDa IGF-BP 
complex when incubated with porcine serum (Evock et al., 
1989) suggests this may not be accurate. This suggests the 
following: 1) There are specific sites for IGF-I and IGF-II on 
the IGFBPs; 2) There is more than one binding protein in the 
150 kDa IGFBP peak; or 3) The binding affinities of IGF-I and 
IGF-II differ for the 150 kDa IGFBP. We have found that IGF- 
II does have a higher binding affinity for IGF-BP than IGF-I 
(Gopinath et al., 1989). Hodgkinson et al. (1989) have report- 
ed that sheep plasma contains at least two 40 to 50 kDa 
IGFBPs, with one having mixed specificity for IGF-I and IGF- 
I I  and the other having a preference for IGF-II. Although 
these latter data tend to support the idea that there are more 
than two IGFBPs, their data are likely relevant only to the 
small 40 kDa IGFBP peak since they separated the plasma 
IGFBPs using an IGF-I affinity column which does not bind 
the 150 kDa complex well since it is saturated with IGF-I. 

Baxter (1 988) has suggested that the human 150 kDa 
IGF-BP is comprised of an acid-stable IGF-binding subunit 
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(analogous to the porcine acid-stable IGF-BP) with a M, of 53 
and a 100-110 kDa acid-labile subunit that does not bind 
IGFs. What is not clear is that ligand blotting of porcine serum 
reveals that six IGF-BPs are present (McCusker et al., 1988). 
In our hands, postnatal pig serum contains five IGF-BPs with 
M, of 43,000, 40,000, 34,000, 30,000 and 26,000 (Coleman 
and Etherton, unpublished data). At this time, we believe that 
the two larger IGF-BPs correspond to the acid-stable IGF-BP 
that we purified (Walton et al., 1989a) and the other three are 
from the smaller serum IGF-BP complex. This interpretation 
is based on studies in which the two larger IGF-BPs increase 
in response to ST treatment (Coleman and Etherton, 
unpublished data) and the similarity of their molecular 
weights to the acid-stable IGF-BP we have purified (Walton 
et al., 1989a). Studies are underway to verify this using 
immunoblotting techniques. The purified pig acid-stable IGF- 
BP migrates as two bands on SDS-PAGE; however, these 
proteins have identical N-terminus amino acid sequences, 
suggesting that they are the same protein but have different 
quantities of carbohydrate bound (Walton et al., 1989a). A 
similar conclusion has been reached by Zapf et al. (1988) for 
rat serum. Polyclonal antiserum raised against the acid- 
stable IGF-BP recognizes the 150 kDa IGF-BP in porcine 
serum (Walton and Etherton, 1989). 

In addition to the IGF-BPs found in serum, = 30 kDa IGF- 
BPs have also been purified from human amniotic fluid (Drop 
et al., 1984; Povoa et al., 1984), placenta (Koistenen et al., 
1986) and conditioned medium of HEP G2 hepatoma cells 
(Povoa et al., 1985). The IGF-BP originally isolated from 
human placenta has been shown to be synthesized in secre- 
tory endometrium (Rutanen et al., 1986) and decidua 
(Rutanen et al., 1985) but not in the placenta (Rutanen et al., 
1985). The IGF-BP isolated from amniotic fluid is identical to 
the IGF-BP secreted by HEP G2 hepatoma cells (Povoa et al, 
1985). There is evidence that antibodies raised against the 
amniotic fluid IGF-BP cross-react with the small serum IGF- 
BP in humans that is not ST-dependent, which suggests that 
these are similar if not identical proteins (Baxter and Cowell, 
1987). 

The observation that the ST-dependent IGF-BP concen- 
tration is not affected by exogenous IGF-I (Walton and 
Etherton, 1989) suggests that IGF-I treatment may not be as 
effective as treating pigs with pST. Other studies provide 
evidence to support this assertion. Since adipose tissue 
plays such an important role in the adaptive response to 
exogenous pST, we asked whether this may be mediated by 
the elevation in IGF-I. In vitro, IGF-I is an insulin mimic in 
porcine adipose tissue and stimulates both lipogenesis and 
glucose oxidation (Walton et al., 1987; Walton et al., 1989~). 
This effect is inhibited by physiological concentrations of the 
purified acid-stable IGF-BP (Walton et al., 1989~). This is a 
specific effect of IGF-BP because insulin action is not 
blocked by addition of the binding protein. In summary, it 
appears that IGF-I does not mediate the effects that pST has 
on adipose tissue metabolism because: 1) The effects of free 
IGF-I are insulin-like, whereas the effects of pST both in vivo 
and in vitro are to antagonize insulin action in adipose tissue 
and decrease adipose tissue growth rate; 2) The IGF-BPs 
block the insulin-like effects of free IGF-I; and 3) There is no 
detectable free IGF-I in porcine serum. Even if free IGF-I 
were present in adipose tissue, it appears that the insulin-like 

effects would be blunted in pST-treated pigs because pST 
decreases adipose tissue sensitivity and responsiveness to 
free IGF-I (Walton et al., 1987). 

IGF-BP cDNAs 
It is clear that IGF-BPs affect IGF-I removal from blood 

and act to modulate bioactivity of IGF-I. The findings that a 
small molecular weight IGF-BP is present in the secretory 
endometrium and decidua, together with the observation that 
the 150 kDa IGF-BP is present in a variety of biological fluids 
in pigs (follicular fluid, amniotic fluid, allantoic fluid, colostrum 
and milk) Walton and Etherton, 1989), indicate that the IGF- 
BPs are produced locally. To clarify this, studies have been 
undertaken to clone the IGF-BP cDNAs and then use these 
as probes to determine if IGF-BP mRNA can be detected in 
various tissues. To date, there have been no studies with 
tissues from domestic animals. 

Initial efforts to determine whether IGF-BP genes are 
expressed by peripheral tissues have focused on cloning the 
small M, IGF-BP secreted by HEP G2 cells and found in 
amniotic fluid. Studies have been conducted in which the 
IGF-BP from HEP G2 cells (Lee et al., 1988), human placen- 
ta (Brinkman et al., 1988; Grundmann et al., 1988) and 
human decidua (Julkunen et al., 1988) have been cloned. 
The amino acid sequence deduced from the cDNA clones 
indicates that the IGF-BP produced by HEP G2 cells and the 
human placentddecidua are identical (Brinkman et al., 1988; 
Grundmann et al., 1988, Lee et al., 1988, Julkunen et al., 
1988). There is one residue difference in the sequence 
reported by Grundmann et al. (1988) and Lee et al. (1988) 
versus the sequence reported by Brinkman et al. (1988) and 
Julkunen et al. (1988); however, for practical purposes these 
two proteins are identical. 

The availability of cDNAs will enable studies to be con- 
ducted to establish what tissues synthesize which IGF-BPs 
and whether ST regulates transcript abundance. The limited 
information available indicates that the transcript for the 
small IGF-BP is detected only in human liver, secretory 
endometrium and late-pregnancy decidua (Julkunen et al., 
1 988). 

Recently, Wood et al. (1988) cloned the ST-dependent 
acid-stable human IGF-BP. The full-length mature sequence 
of the IGF-BP is 264 amino acids with a molecular weight of 
28.7 kDa. The fact that this is considerably smaller than the 
molecular weight determined by SDS gel electrophoresis is 
presumably accounted for by glycosylation. Wood et al. 
(1988) verified by transfecting mammalian kidney cells with a 
plasmid containing the IGF-BP cDNA and establishing that 
the transfected cells secreted IGF-BP which migrated identi- 
cally on SDS gel electrophoresis to the protein purified from 
human plasma. 

Summary 
It is remarkable that seventeen years ago Machlin spoke 

to this group about ST and gave the general impression (as I 
recall) that there was little potential in the development of a 
pST-based product because of the expense of purifying 
pituitary-derived hormone. An extraordinary number of sci- 
entific discoveries have propelled animal science to the 
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present time. It is likely that within the next two years we will 
witness the introduction of ST-based products for treatment 
of meat animals. This is a remarkable achievement, one that 
could not have occurred without the dynamic interactions, 
inquisitiveness and effort of the scientists involved in this 

quest. I believe that as we gain a better understanding of the 
ST receptor and the mechanisms by which ST mediates its 
biological effects, it will be possible to develop second- 
generation approaches that provide either more potent ST 
analogs or alternative ways to increase ST biopotency. 
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