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Introduction.

Because of its pivotal role in the metabolism of circulating lipids, lipoprotein
lipase has been the subject of concerted investigation for many years. Although
much of the information that has been forthcoming has been reviewed in the
recent past (Cryer, 1981 ; Quinn et a/., 1982 ; Hamosh and Hamosh, 1983 ; Cryer,
1983) it is only fair to say that the ontogenic aspects of the enzyme and its action
have been less fully addressed. Before attempting to provide a partial redress of
this relative neglect the main features of lipoprotein lipase action will be reviewed.

The occurrence, distribution and molecular aspects of tissue lipoprotein
lipase activity.

Lipoprotein lipase is found, most importantly, in the adipose, muscle and
lung tissues of a large range of mammalian and avian species {Cryer and Jones,
1979a ; Cryer, 1981 ; Hamosh and Hamosh, 1983) including man (Nilsson-Ehle,
1974 : Harlan et a/., 1967). The enzyme is abundant in lactating mammary gland
(McBride and Korn, 1963 : Zinder et al., 1974) and milk (Egelrud and Olivecrona,
1972) and it has also been detected in vascular tissue (DiCorleto and Zilversmit,
1975), corpus luteum (Shemesh et al., 1976) and placenta (Mallov and Alousi,
1965 ; Elphick and Hull, 1977 ; Rothwell and Elphick, 1982). Although absent
from adult liver a salt-sensitive « lipoprotein lipase » activity has been reported to
be present in tissue taken from late-gestational rat foetuses (Chajek et al., 1977 ;
Llobera et al., 1979). Those organs and tissues from which lipoprotein lipase
activity is absent are not able to utilize circulating lipoprotein triglyceride fatty
acids. For example, it has been shown that the small intestine has no lipoprotein
lipase activity and is unable to use triglyceride fatty acids as an energy source
(Hulsmann et a/., 1981).

Changes in tissue lipoprotein lipase activities occur in response to a variety of
conditions (for review see Cryer, 1981 ; Hamosh and Hamosh, 1983 ; Quinn et al.,
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1982) and alterations in total activity show an overall correlation with
modifications in the rate of triglyceride fatty acid uptake by the tissues in question
(see also Vernon and Clegg, 1984).

Because intact triglyceride-rich lipoproteins cannot pass directly out of the
plasma into the tissues across the endothelium the assumption has been made
that lipoprotein lipase must act at or near the luminal surface of the capillary
endothelial cells. The accumulated evidence more than adequately supports this
view (reviewed in Cryer, 1983) and the currently accepted visualization of the
molecular relationships that occur at the endothelium is shown in figure 1.

Although the enzyme exerts its physiological function at the endothelium,
lipoprotein lipase can be recovered for example from adipose tissue and hearts
with isolated adipocytes (Rodbell, 1964 ; Cryer et a/., 1975a) and isolated cardiac
muscle cells (Bagby et al., 1977 ; Chohan and Cryer, 1978) respectively. It could
be thought that the enzyme within tissue parenchymal cells was physiologically
insignificant. The many arguments which suggest the opposite have been
reviewed previously (Cryer, 1981 ; 1983) and it is now clear that the parenchymal
cells of tissues are the source of the enzyme which is present at the endothelium.
It is clear also that endothelial cells do not have the ability to produce lipoprotein
lipase {Howard, 1977) despite their clearly demonstrated ability to bind quantities

FIG. 1. — Proposed model of the interaction of endothelial cell-localized lipoprotein lipase
and a triglyceride-rich lipoprotein particle.

The diagram shows the phospholipid monolayer of the outer leaflet of the endothelial cell plasma
membrane (A) into which is anchored the hydrophobic portion of the heparan sulphate proteoglycan
(B). The glycosaminoglycan chains of the heparan sulphate proteoglycan (C) exist as part of the
extracellular endothelial glycocalyx and the strong negative charge present on these sulphated
polymers provides the basis of the electrostatic interaction between the surface of the endothelium
and the binding site on the lipoprotein lipase protein (D). In addition to the heparan sulphate
glycosaminoglycan-binding site, the enzyme also binds apolipoprotein Cy; (F), an essential physiological
activator of the enzyme which is present in the surface film of very low density lipoproteins and
chylomicrons, via a specific binding site. Two other sites on the enzyme exist ; the active site (G), shown
occupied by a triglyceride molecule (), and a lipid binding site {H) which binds to the phospholipids pre-
sent in the monolayer surface () of the lipoprotein particle which is characterized by its triglyceride-rich
core (J). The lipoprotein may also interact with the endothelial glycosaminoglycan via apolipoprotein E
(E} (MacKinnon and Cryer, 1984).

The data in support of this model has been reviewed in Cryer (1981, 1983) and Williams et a/. (1983).
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of the enzyme that are sufficient to account for observed rates of lipoprotein
catabolism (Shimada et a/., 1981 ;: Cheng et a/., 1981 ; Williams et al., 1983).

Changes in lipoprotein lipase activity occur in response to a range of
nutritional, endocrinological and other physiological stimuli {(Cryer, 1981 ; Nilsson-
Ehle et a/., 1980) but, where it has been studied, the activity associated with the
tissue parenchymal cells remained constant {Cunningham and Robinson, 1969 ;
Chohan and Cryer, 1978) except where the conditions of, for example starvation,
were particularly severe (Spencer et al., 1978). Thus, although the distribution of
enzyme within the adipocyte for example may change under different physio-
logical conditions {Verine et al., 1982 ; Al-Jafari, A. and Cryer, A. unpublished),
the major change under such circumstances is in the proportion of total tissue
activity which is outside parenchymal cells at the endothelial surface, where it is
functional in lipoprotein triglyceride hydrolysis {Cryer, 1981).

Control of the synthesis, secretion and movement of lipoprotein lipase in
the tissues.

Despite the attention the problems have attracted it is still the case that only
a partial exposition can be given with regard to (i} the regulation of lipoprotein
lipase synthesis within parenchymal cells (ii) the mechanism of its egress from
cells and (iil) the means whereby it is transported to the endothelial site of its
action. What is clear however is that the overall process of modulation within
tissues is responsive to a variety of hormones (Cryer, 1981 ; Hamosh and
Hamosh, 1983). Briefly, elevations in insulin concentrations lead to a rise in
enzyme activity and polysomal activity (Cryer et al., 1976 ; Vydelingum et al.,
1983) in adipose tissue where diurnal changes in lipoprotein lipase activity also
relate to changes in plasma insulin levels (Pykalisto et al., 1975 ; Reichl, 1972). In
general, those effectors that stimulate the (hormone-sensitive) triglyceride lipase
of adipose tissue (e.g. Khoo et al., 1973) produce a reversal in otherwise elevated
levels of lipoprotein lipase activity in adipose tissue. Thus insulin-stimulated
increases in adipose tissue lipoprotein lipase activities are inhibited in the presence
of catecholamines, adrenocorticotrophin, glucagon, thyroid stimulating hormone,
dibutyryl cyclic-AMP, caffeine and theophylline (see Cryer, 1981 for review).
Oestrogens also appear to depress lipoprotein lipase activities in adipose tissue
(Hamosh and Hamosh, 1975a ; Wilson et a/., 1976)}. Glucocorticoids enhance the
insulin effects (Ashby and Robinson, 1980) and have an independent stimulatory
effect on adipose tissue lipoprotein lipase activity (de Gasquet et al., 1975)
probably via a specific effect on specific-enzyme synthesis (Ashby and Robinson,
1980).

The hormonal regulation of lipoprotein lipase in tissues other than adipose
tissue is less well characterized. In the case of cardiac muscle, insulin has no
effect (Robinson, 1970} whereas of the hormones suggested to stimulate total
activity, glucagon (Borenstajn et al.,, 1973 ; de Gasquet et a/., 1975 ; Kotlar and
Borenstajn, 1977) catecholamines, thyroid hormones and corticosteroids (Alousi
and Mallov, 1964 ; Torsti, 1965 ; Rodomski and Orme, 1971) are mentioned most
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often. Some studies also suggest that, additionally, norepinephrine (Hulsmann
and Stam, 1978) and glucagon (Jansen et al., 1980 ; Simpson, 1979) bring about
an increase in the proportion of total tissue activity that is involved in functional
triglyceride hydrolysis. Furthermore, studies with mature isolated cardiocytes have
revealed that both enzyme synthesis and secretion may be effected independently
by glucocorticoids {Chohan and Cryer, 1980 ; Cryer et a/., 1981, 1984a) in vitro.

At the molecular level the steps involved in the control of adipose tissue
lipoprotein lipase have been suggested (Cryer, 1981 ; Hamosh and Hamosh, 1983)
to be : — Firstly, glucocorticoid-stimulated enhancement of lipoprotein lipase-
RNA synthesis and together with the more general effect of insulin on the activity
of fat cell ribosomes and protein synthesis this brings about proenzyme synthesis.
Completion of the proenzyme occurs by glycosylation, which permits the putative
secretion of the mature enzyme from the cell (Cryer et a/., 1981). The successful
release of the enzyme from its intracellular site of synthesis in the endoplasmic
reticulum (Vanhove et al.,, 1978 ; Chohan and Cryer, 1979) requires microtubular
activity (Chajek et al., 1975 ; Cryer et al.,, 1975b) and it is probably at this stage,
when the mature enzyme is ready for secretion, that the catecholamine-induced
loss of activity comes about, possibly through an increased rate of specific protein
degradation (Ashby et al., 1978}. Recently it has become apparent that true
release of the enzyme from the fat cell may not be necessary for its transport to
the endothelium and that in common with a proposal related to the movement of
lipolytic products (Scow et al., 1976 ; Smith and Scow, 1979} the enzyme may
move in the proposed membranes continuum which may link fat cell, pericyte and
endothelium (Blanchette-Mackie and Scow, 1981a, 1981b). In support of this has
been the observation that a large proportion of the enzyme activity of isolated
cells is associated with the adipocyte plasma membrane fraction following
subcellular fractionation (Al-Jafari, A. and Cryer, A. unpublished observations)
and that although total cell activity remains unchanged after fasting, both the
proportion of immunodetectable enzyme (Cryer, A. and Al-Jafari, A. unpublished
observations) and enzyme activity (Verine et a/., 1982) at the plasma membrane is
much higher in cells prepared from fed compared with those prepared from starved
rats.

The activity of lipoprotein lipase in skeletal muscle responds to physiological
change, with only a few exceptions (Linder et a/., 1976), in a way similar to that
of the heart. For example the activity rises in response to fasting (Cryer et al.,
1976 ; Tan et al., 1977) and cold exposure (Begin-Heick and Heick, 1977).
Lipoprotein lipase in the lung increases following the administration of gluco-
corticoids but does not appear to be responsive to changes in the concentration
of insulin (Hamosh and Hamosh, 1975b ; Hamosh et a/., 1976).

The ontogeny of tissue lipoprotein lipase activity.

The major part of the work that has been reported has been carried out with
the developing rat. Although most of the information discussed here relates to
this species an attempt to compare the events in other species has been made.
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It is clear that in general the main supply of metabolic energy that is available
to a developing animal changes suddenly at birth. The change from primarily
carbohydrate and fatty acid provision for the fetus to primarily milk triglyceride in
the newborn requires well developed mechanisms for lipid transport and
utilization to ensure the normal development of the newborn. For the rat during
the neonatal period 70 % of all its metabolic energy is derived from milk lipids
(Rokos et al., 1963). Of these milk lipids 97 % are triglycerides, 65 % of which
contain long rather than medium chain fatty acids (Fernando-Warnakulasuriya et
al.,, 1981). Thus, in that the medium chain fatty acids find their preferential
utilization by the liver (e.g. Ferré et al., 1981), the long-chain fatty acids contained
in triglycerides will be directed towards the extrahepatic tissues. Thus by
controlling the supply of longchain fatty acids at the tissue level, lipoprotein lipase
must be assumed to have an important function in the growth and maturation of
individual organs.

The activity of cardiac muscle lipoprotein lipase is very low in the fetus
{Chajek et al., 1977 ; Cryer and Jones, 1978a ; Planche et a/., 1980) but rises to
adult levels during suckling. This pattern reflects the overall cellular development
of the heart (Schriebler and Wolff, 1966) and the progressive increase in long
chain fatty acid oxidation by the heart over this period. It has been suggested for
example that « association of the increase of capacity for palmitate oxidation with
the postnatal emergence of lipoprotein lipase in heart muscle is plausible » (Glatz
and Veerkamp, 1982) and that increased oxidative capacity is related to cardiac
mitochondrial maturation (Barrie and Harris, 1977).

In the case of the rat lung, lipoprotein lipase activity has been detected up to
5 days before birth and increases substantially during the last few hours in utero
and during the first day of extrauterine life (Hamosh et a/, 1978 ; Cryer and
Jones, 1978a ; Hietanen and Hartiala, 1979 ; Planche et a/., 1980). The enzyme
activity is elevated therefore during the period of lung development when rapid
rates of pulmonary surfactant synthesis occur (Farrell and Hamosh, 1978) and it
has been suggested that the increased perinatal pulmonary lipoprotein lipase
activity may provide a source of diglyceride for the dipalmitylphosphatidylcholine
production necessary for pulmonary surfactant formation (Cryer and Jones,
1978a ; Weinhold et al., 1980). It is also tempting to speculate that a relationship
exists between the precocious increase in lipoprotein lipase activity produced by
the administration of dexamethasone /n utero {Mostello et al.,, 1981) and the
morphological and functional changes induced in the lung by the same stimulus.
These changes include the enhanced differentiation of type |l pneumocytes,
enhanced pulmonary function and an increase in the levels of total and
disaturated phosphatidylcholine in the fetal lungs and alveolar spaces of a number
of species (see Possmayer, 1982 for review).

The low activity of lipoprotein lipase present in fetal skeletal muscle emerges
to a relatively high neonatal level within hours of birth (Cryer and Jones, 1978a ;
Planche et a/., 1980). The activity then reaches a peak in the early to mid-suckling
period. The activity declines during late suckling and the weaned animal then has
levels of activity similar to those found in tissue from adults. As was the case in
heart this increase in skeletal muscle lipoprotein lipase activity may provide the
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fuel for the increase in the capacity for fatty acid oxidation that occurs in skeletal
muscle during the neonatal period (Glatz and Veerkamp, 1982). The lipoprotein
lipase activity of the skeletal muscle mass has been adduced to have a particular
significance in the suckling animal. Thus Planche et al. {1980) concluded that in
60-day-old rats, more than 50 % whole-body lipoprotein lipase activity was
present in adipose tissue in the fed state and that this proportion of the total was
present in cardiac and skeletal muscle in the starved state. This overall pattern
being similar to that seen in adult rats (Tan et a/., 1977) or mice (Rath et a/., 1974).
During the suckling period however lipoprotein lipase present in the muscles
amounted to between 63 and 85 % of total activity in both fed and fasted pups.

Thus in the suckling pup it would appear that muscle lipoprotein lipase
activity is particularly significant and is largely responsible for the hydrolysis of
chylomicron triglyceride. This situation also pertains in the case of adult rats fed a
high-fat diet (De Gasquet et al., 1977 ; Weissemburg-Delorme and Harris, 1975).
The high capacity for triglyceride hydrolysis by the muscle mass of suckling rats
may contribute significantly to the high free fatty acid concentrations present in
the plasma at this stage of development (Planche et a/., 1980) because as
illustrated by Scow and colleagues up to 40 % of triglyceride fatty acid liberated
by lipoprotein lipase action at the endothelium may enter the plasma rather than
the tissues and thus become available for utilization elsewhere (Scow et al.,
1976).

The ontogeny of lipoprotein lipase in adipose tissues.

Brown adipose tissue. — The importance of brown adipose tissue as a
thermogenic organ, particularly in the early part of life has been demonstrated
clearly and reviewed fully {Cannon and Nedergaard, 1982 ; Nedergaard and
Lindberg, 1982). The fuel for thermogenesis in the tissue is free fatty acid derived
from stored triglyceride. However since it has been suggested that « plasma free
fatty acids do not serve as a substrate for thermogenesis » (Schenk et al., 1975)
and because the rate of fatty acid synthesis in brown adipose tissue is low in
suckling mice (Trayhurn, 1981) and that the latter process only becomes
significant following weaning in the rat (Pillay and Bailey, 1982} it is clear that
plasma lipids derived from mothers milk must be the source of thermogenic fuel
during suckling. Consistent with these observations is the high level of lipoprotein
lipase activity present in the brown adipose tissue of fetal and suckling rats (Cryer
and Jones, 1978a). In the present author’s experience the activity present in the
brown adipose tissue of suckling rats is one of the highest activities recorded
(500 uMoleFFA/h/g fresh wt) being comparable to that found in lactating
mammary gland. The activity in brown adipose tissue exhibits two peaks of
activity at 2 and 12 days of age with a fall to relatively low levels by weaning. The
high total and heparin-releasable (Hemon et al., 1975) lipoprotein lipase activity
present in the tissue during suckling may provide a mechanism therefore,
whereby a preferential utilization of circulating triglyceride fatty acid either as
oxidizable fuel for thermogenesis or as a source of the intracellular triglyceride
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stored by the tissue could be envisaged. The decline in brown adipose tissue
lipoprotein lipase activity at mid-suckling may be related to the known response of
the enzyme in the tissue to cold-exposure. Thus the increases in tissue enzyme
activity in suckling (Hemon et al/., 1975) and in early weaned animals (Cryer, A.
and Jones, H. M. unpublished) and which occur in response to cold (Rodomski
and Orme, 1971 ; Guerrier and Pellet, 1979) could be related to behavioural
changes (e.g. exploratory activity) occurring at mid-suckling (Henning, 1981)
which require an increase in the provision of thermogenic fuel. The regulation of
these changes however remains to be explained fully.

White adipose tissue. — The changes that occur in the total activity of
lipoprotein lipase in various white adipose tissues in a variety of species during
development has received considerable attention (see Cryer, 1982 for review) but,
because in many situations the reports have been less than completely consistent,
it is difficult to make comparisons. However an attempt will be made to review
the data and relate it to the accretion of lipid by white adipose tissue.

In many species, the fatty acids derived from plasma lipoprotein triacyl-
glycerol are the predominant source of fatty-acyl components present in the
stored lipid of adipocytes (Hollenberg, 1966) with fatty acid synthesis de novo
generally making a relatively minor contribution (Roncari and Van, 1978). Despite
this qualification, white adipose tissue can have an important role in the synthesis
of long-chain fatty acids in some species. Pigs (O’Hea and Leveille, 1969), sheep
{Hanson and Ballard, 1967 ; Ingle et al., 1972) and cattle (Hanson and Ballard,
1967) for example, synthesize a majority of their fatty acids in adipose tissue. This
situation is by contrast with that in the mouse (Jansen et al.,, 1966) and rat
(Jansen et al., 1966 ; Leveille, 1976} where both liver and white adipose tissue-are
involved and in further contrast to the chick (Leveille et a/, 1968), pigeon
(Goodridge and Ball, 1976) and human (Shrago et a/., 1969) where fatty acid
synthesis is an almost exclusively hepatic function with white adipose tissue
acting merely as a storage site for preformed fatty acids. The subsequent
consideration might best be divided into a consideration of the situation in
experimental (laboratory) animals and to animals of economic importance.

It may be proposed then, for the laboratory animals that are most commonly
studied, that by analogy with other systems, changes in the activity of the
lipoproteins lipase activity in white adipose tissue during development will reflect
the extent to which plasma triacylglycerol is hydrolyzed and the free fatty acid
products are taken up by the adipocytes. Although as intimated previously, the
total activity of lipoprotein lipase may not relate directly to triglyceride fatty acid
uptake capacity into adipose cells under all conditions and heparin-induced
release rates for the enzyme in vivo have been suggested as an alternative (Das et
al., 1982), under most conditions, where useful comparisons can be made, the
correlation between the two variables holds (Cryer et al., 1976).

As might be expected, the low level of circulating triglyceride concentrations
found in the fetus are elevated up to four times the normal adult level throughout
suckling in the rat (Cryer and Jones, 1978b) and even at the earliest postnatal
stages this plasma fipoprotein triglyceride can act as a substrate for lipoprotein
lipase since adequate amounts of functional apolipoprotein Cy are also present
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(Cryer and Jones, 1978c). In the rat the pattern of change in adipose tissue
lipoprotein lipase activity is remarkabiy similar when anatomically-distinct depots
are compared. In general, the small amounts of immature triglyceride-poor white
adipose tissue present at birth contains significant levels of lipoprotein lipase
activity (Cryer and Jones, 1978a ; Pequignot-Planche et al., 1977). During the first
six hours of life however, during which time no accumulation of triglyceride
occurs in the tissue, the enzyme activity declines somewhat in-a response that is
probably related to a fall in plasma insuiin levels within the first six hours of birth
(Blasquez et al., 1974 ; 1975). During the 6-24 h period of postnatal life both the
lipoprotein lipase activity and triglyceride content of the tissue increases
substantially. This increase is sustained progressively over the first 10 days of life
such that levels of activity 2-4 times greater than adult levels are achieved by mid-
suckling. This pattern was observed whether the activity was expressed as
units/g of tissues or units/whole depot. Following the 10th day of life the activity
in all the depots fell progressively over the remainder of the suckling period
reaching minimal levels on day 20. Thereafter the activities rose again and
remained relatively high for the period up to about 8-10 weeks of age after which
they declined to the relatively constant adult level by the 20th week of life. It is
clear that in the first 10 days of life the relatively small increases that occur in
adipose tissue mass relative to body weight changes occur substantially as a
result of active cellular hyperplasia together with a modest increase in the size of
recognizable fat cells (Cryer and Jones, 1979b ; 1980). Thus, although the
changes in activity per cell (recognizable adipocyte) correlate with the rate of lipid
accretion by the tissue over this period it is clear that a proportion of the total
tissue enzymes activity increase is dependent upon the emergence of lipoprotein
lipase activity in predetermined, but hitherto undifferentiated adipocyte present in
the tissue (Ailhaud, 1982 ; Cryer, 1984 see also Hietanen and Greenwood, 1977).
The decline in adipose tissue lipoprotein lipase activities during the second half of
suckling are less easily related to the aspects of cellularity and lipid accretion just
discussed. In the first case the total lipid content of most depots continue to
increase over this period (Cryer and Jones, 1979b) and pad growth continues
(Cryer and Jones, 1979b ; Planche et al., 1980) as does adipocyte cell size
although adipocyte numbers do not alter substantially (Cryer and Jones, 1979b).
A number of possible explanations for this may be advanced, the high lipogenic
capacity of late suckling adipose tissue together with a low rate of intracellular
triglyceride turnover in adipocytes coupled with the high levels of serum free fatty
acids generated by the high capacity of the muscle lipoprotein lipase system at
this time may all combine to maintain the rate of storage of caloric excess in
adipose tissue while the low adipose and high muscular lipoprotein lipase activity
serve to direct the high level of dietary-derived triglyceride to tissues where high
rates of oxidative metabolism must be fueled by lipid (see Cryer and Jones, 1978 ;
Planche et al., 1980). Following weaning in the rat average adipocyte size
increases substantially in a fashion which is related to the activity of lipoprotein
lipase expressed on a per cell basis (Hietanen and Greenwood, 1977) thus « lipid-
filing » of differentiated adipocytes again seems related to the activity of this
enzyme.
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During growth and dietary manipulation in ruminants, lipoprotein lipase
activity in different adipose depots seems to behave differently. Although much
less information is available the following observations may be made, and the area
is very active currently because of the economic implications to the food industry.

As noted by Hood (1982) in early postnatal development, growth of adipose
tissue is due to both cellular hypertrophy and hyperplasia. Adipocyte hypertrophy
is the major mechanism in the fattening of ruminants grown to market weight,
although evidence is accumulating that preadipose cells can proliferate
postnatally, even in mature animals {see for example of this possibility in the
bovine Plaas and Cryer, 1980 ; Cryer et al., 1984b). The relation of adipocyte
hypertrophy to lipoprotein lipase activity in ruminants has received some
attention. For example Merkel et al. (1976) found that in developing sheep the
deposition of exogenous fat in the different adipose depots correlated with the
changes in lipoprotein lipase activity that occurred. Furthermore the relationships
between feed-type, genetic background and depot site on lipid accretion and
lipoprotein lipase activity in the bovine has been reviewed by Hood (1982). In pigs
the available data suggests that lipoprotein lipase activity in adipose tissues is
relatively high at birth and increases dramatically during the early neonatal
{suckling) period (Steffen et al., 1978) when lipogenesis de novo is low in the
tissue but lipid accumulation is rapid. Again the relationship between lipoprotein
lipase activity and lipid accumulation is close in this species also and is maintained
throughout the important period of fattening in these animals too.

The lipoprotein lipase activity of differentiating adipocyte precursors and
their capacity for lipid storage.

Although lipoprotein lipase exercises its physiological function at the lumenal
surface of the vascular endothelium in adipose tissue the enzyme is synthesized
by the adipocyte (Cryer, 1981, 1983 for reviews) and because of this and other
reasons the presence of the enzyme has been used extensively as a marker of the
adipocyte phenotype for studies of precursor cells in vitro. The importance of
lipoprotein lipase activity to the accretion of lipid for storage by these
differentiating cells is illustrated by the observation that despite the appreciable
rates of fatty acid synthesis that occur in murine white adipose tissues (Jansen et
al., 1966) neither the onset, rate nor extent of the adipose differentiation of
mouse embryo 3T3-L, preadipocytes was affected by a complete inhibition of
fatty acid synthesis de novo (Coleman et al, 1978). Thus maximal lipid
accumulation rates could be observed when lipoprotein lipase action was the only
source of fatty acid moieties for storage. The activity of lipoprotein lipase in
precursor cells isolated from the adipose tissue of mature individuals of a number
of species (Cryer, 1984 for review} has been studied extensively during
differentiation of these cells in culture. The enzyme emergence was characteristic
of the differentiation of these cell types and it is of relevance to the previous
discussions that the presence of insulin was not necessary for the increases in
enzyme activity that are observed.

Reproduction Nutrition Développement, n® 1 B-1985. — 8.
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It is clear also that lipid accretion in such systems is highly dependent on the
action of lipoprotein lipase in that supplementation of the medium in which the
cells are grown with lipoprotein triglyceride or an appropriate triglyceride emulsion
causes the cells to accumulate much more lipid (Bjérntorp et a/., 1980 ; Van and
Roncari, 1978 ; Cryer A. and Cryer J. unpublished) and that this does not depend
on release of enzyme into the medium but again suggests the potentially
functional capacity of cell surface bound enzyme in the hydrolysis of exogenous
substrate.

Thus such a system together with continued studies /n vivo, offers, together
with immunodetection of the cellular enzyme (Vannier et al., 1982 ; Al-Jafari and
Cryer, 1984 and unpublished), the opportunity to study the hormonal and other
factors which may control the development of lipoprotein lipase and ensure its
controlled action throughout life.

10¢ Réunion du groupe Développement I.N.R.A.,
Rennes, 9-10 mai 1984.
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Résumé. La lipoprotéine lipase et le captage des lipides par les cellules adipeuses au
cours du développement.

Le dép6t des triglycérides stockés dans les adipocytes peut faire intervenir deux pro-
cessus, a savoir 1) I'accrétion des lipides provenant directement des lipoprotéines plasmati-
ques, 2) la biosynthése /in situ.

Le principal facteur qui régule le captage des triglycérides des lipoprotéines plasmati-
ques est la lipoprotéine lipase. Cette enzyme, qui provient de I'adipocyte, agit a la surface
des capillaires sur les triglycérides des chylomicrons et des VLDL ; elle conduit a la libéra-
tion d’'acides gras et de monoglycérides qui traversent les membranes des cellules endothé-
liales, des péricytes et des adipocytes avant d'étre réestérifiés sous forme de triglycérides
dans le réticulum endoplasmique lisse de |'adipocyte.

Quoiqu’il existe d'importantes exceptions, les triglycérides des lipoprotéines plasmati-
ques constituent dans la plupart des espéces la source principale des lipides de réserve et la
néosynthése d'acides gras dans les tissus adipeux ne joue généralement qu’un réle mineur.

Le présent rapport a pour objet de passer en revue les points essentiels dans les domai-
nes suivants : — mécanismes moléculaires de I'action de la lipoprotéine lipase sur les lipo-
protéines riches en triglycérides ; — la distribution de I’enzyme entre les cellules des tissus
(par exemple les adipocytes) et ses localisations extratissulaires ; — les modifications de
I'activité de I'enzyme induites par des facteurs nutritionnels ; — ce que I'on connait des
réactions moléculaires qui contrdlent la synthése et les mouvements de I'enzyme.

L’évolution de I'activité de la lipoprotéine lipase dans les tissus au cours du développe-
ment sera examinée en considérant le réle que tient cette évolution dans la répartition des
lipides circulants entre les différents tissus.

L'évolution de I'activité de la lipoprotéine lipase dans les tissus adipeux sera considérée
au regard de la croissance des tissus adipeux et des taux d’hormones circulantes.

La relation entre |'évolution de I'activité de la lipoprotéine lipase et les mécanismes fon-
damentaux de la croissance des tissus adipeux par hypertrophie et hyperplasie sera consi-
dérée conjointement a I'utilisation de cultures de cellules précurseurs d’adipocytes comme
modele pour des études ultérieures.
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