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ABBREVIATIONS 
 
 
CM                                                        chylomicrons 
 
FFA                                                       free fatty acid 
 
HSPG                                                    heparan sulfate proteoglycans 
 
HDL                                                      high density lipoprotein 
 
LPL                                                       lipoprotein lipase 
 
LDL                                                      low density lipoprotein 
 
LDL-R                                                  low density lipoprotein receptor 
 
LRP                                                      low density lipoprotein receptor-related protein 
 
2-MG                                                    2-monoacylglycerol 
 
PPAR                                                    peroxisome proliferator-activated receptor 
 
TG                                                         triglyceride 
 
TNF-α                                                   tumor necrosis factor-α 
 
VLDL                                                   very low density lipoprotein 
 
VLDL-R                                               very low density lipoprotein receptor 
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INTRODUCTION 
 
      We consume about 150 g fat daily on a typical western diet, of which 90% is made 
up of triglycerides (TG). Since TG can not move in blood by itself, TG-rich 
lipoproteins are formed to act as transporter of TG in plasma. The most important 
function of lipoprotein lipase (LPL) is to handle the TG present in these TG-rich 
lipoproteins to provide energy for the body. The importance of LPL is evident from the 
fact that LPL knock-out animals are not viable (1). 
 
Historical source 
 
      In 1943 Hahn was the first to note that injection of heparin resulted in a rapid 
clearance of alimentary lipemia in dogs (2). Later studies further revealed that heparin 
was capable of causing the release of a ‘clearing factor’ into the plasma, and by the 
1950s the factor had been identified as the discrete entity we now know as lipoprotein 
lipase (3-5). 
 
Where is LPL and why is it important?  
 
      LPL has been detected in a wide range of extrahepatic tissues, from both humans 
and animals, such as adipose tissue, heart, mammary gland, skeletal muscle , adrenal, 
ovary, thoracic aorta, spleen, small intestine, testes, lung, kidney, brain (hippocampus) 
and liver (neonatal) (6). Quantitatively, the most important locations for the enzyme are 
heart, adipose tissue, skeletal muscle, kidney, and mammary gland of the species 
studied. 
      LPL has its physiological site of action at the luminal surface of capillary 
endothelial cells where the enzyme is anchored to heparan sulfate proteoglycans (HSPG) 
and hydrolyses the TG component of plasma circulating lipoprotein particles, 
chylomicrons and very low density lipoproteins, to provide free fatty acid (FFA) and 2-
monoacylglycerols (2-MG) for tissue utilization (7-10). Another important function of 
LPL is to bridge lipoproteins to HSPG and to receptors (LRP, VLDL-R, LDL-R), and 
thereby facilitate the binding and uptake of the lipoprotein by cells (11-13). LPL, 
therefore, plays a crucial role in TG metabolism (figure 1). LPL deficiency can cause 
severe hyperlipidemia and the knock-out of LPL in mice is lethal (1). LPL is also 
closely related to atherosclerosis, obesity, diabetes and Alzheimer’s disease (14). 

 
    Figure 1   The catalytic and bridging function of LPL. 
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LPL is precisely regulated  
 
      To fulfil these important functions LPL has to be elaborately and precisely 
regulated in the body. LPL activity is regulated by various nutritional, environmental, 
pathological and physiological factors. Changes in tissue LPL activities correlate 
closely with modifications in the rate of TG uptake by tissues such as heart, adipose 
tissue, mammary gland and skeletal muscle (15,16). The amazing thing is that LPL 
activity can be regulated in a tissue-specific manner, which is physiologically 
important because it directs fatty acid utilization according to the metabolic demands 
of individual tissues so that the fatty acid can be targeted to specific sites. The typical 
example is that fasting down-regulates LPL activity in adipose tissue while it up-
regulates LPL activity in heart. The regulation can occur at transcriptional, 
translational or post-translational level (figure 2).  
 
 
 
         
          Possible sites                                                          Mechanisms 
 
         
 
 
 
 
 
 
 
 
 
 
 
 
    
             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Possible sites and potential mechanisms for regulation of LPL 
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What do we know about the structure of LPL? 
 
      Consistent with its important multiple functions, LPL also has a rather 
complicated structure. LPL is a noncovalent homodimer probably arranged in a head 
to tail conformation (17).It is a glycosylated protein; there are two N-linked 
oligosaccharides in each subunit. The tertiary structure of LPL has not been directly 
determined but the structure has been modeled on the coordinates from  X-ray 
crystallography of pancreatic lipase (18). According to this, LPL is organized into two 
domains, an amino terminal (amino acids 1-312) and a carboxy terminal one (amino 
acids 313-448) (19,20). N-terminal domain has the catalytic triad which consists of 
serine-132, aspargine-156 and histidine-241. The entrance to the catalytic triad is 
covered by a loop, which is an important determinant for the substrate specificity (19). 
The C-terminal domain contains the receptor-binding and lipoprotein-binding sites 
(21). 
 
Functional LPL 
 
      LPL with its complicated structure is precisely regulated, and functional LPL is 
usually the first target for the regulation. What is functional LPL? Attached to the 
endothelium, LPL hydrolyzes TG-rich lipoproteins and this fraction of LPL is referred 
to as “functional LPL” and can be released from its binding sites by heparin. This 
heparin releasable LPL (HR-LPL) is the pool of lipase that has access to its substrate, 
chylomicron and VLDL triglycerides; therefore, the HR-LPL (functional LPL) may 
be functionally more relevant than that measured in tissue homogenates.   
      A large body of evidence suggests that the functional site of LPL is at the 
endothelium of capillary, but not all the LPL in tissues is at an endothelial cell surface. 
Increases in the endothelial-located enzyme (functional LPL) involve changes in the 
total amount of enzyme in the tissue (22-24). A decline in endothelial enzyme, when 
it occurs, is very rapid  with a derived turnover time of functional LPL being in the 
order of 2h for heart and 1h for adipose tissue (25-28). This is in contrast to an 
intracellular half-life of 4h suggested by other studies (29).  But less is known, 
however, of the mechanisms involved in the removal of enzyme from the endothelial 
site during periods when the TG uptake capacity of tissues declines. Precise 
regulation of functional, endothelium-bound LPL activity is required to carefully 
control TG catabolism and the supply of fatty acids to tissue cells. Nutritional state 
can change functional LPL, but LPL present in parenchymal cells isolated from 
lactating mammary gland, or LPL in fat and heart cells is unaltered by the nutritional 
state of the animals from which they were isolated—except when starvation is 
particularly severe. Conversely, during nutritional transitions the extracellular LPL 
and therefore presumed to be functionally active in lipoprotein TG hydrolysis at the 
endothelium will change dramatically (15,27,30,31).  
      Hence, functional LPL is the window to observe the condition of LPL in intact 
tissue. The alteration of functional LPL, therefore, should be carefully considered 
when studying the regulation of LPL in tissues. 
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Present information on nutritional regulation of LPL in adipose 
tissue 
 
      LPL activity in adipose tissue is regulated by multiple factors such as nutritional, 
environmental, physiological and pathological factors, among them nutritional 
regulation is the most important one. It is well documented that, postprandially, LPL 
activity is elevated in adipose tissue compared with heart and muscle, resulting in the 
channeling of circulating TG fatty acids into lipid depots. During fasting the inverse is 
true: relatively high heart and muscle LPL activities redirect triglyceride fatty acids 
appropriately into these tissues and away from adipose stores (15).The coordinated 
regulation of LPL in adipose tissue and muscle during feeding/fasting is critical for 
maintaining TG homeostasis. The mechanism involved in this tissue-specific 
regulation of LPL activity, however, is not known. 
      The decrease in adipose tissue LPL activity during starvation in rats has been 
attributed to both pre- and post-translational mechanism (32-36). Bergo et al found 
that fasting increases the proportion of inactive LPL in adipose tissue and this effect is 
blunted in old animals (32,37).In other words, during short-term fasting, LPL specific 
activity decreases. The specific activity is restored within 4h by refeeding. On longer 
fasting, LPL mRNA decreases. This becomes significant from 36h.These data show 
that LPL activity during short-term fasting is regulated through posttranslational 
mechanism, which allows for quick up-regulation after refeeding. On longer fasting, 
other mechanisms affecting LPL transcription and synthesis come into play.  
      It should be mentioned that there are discrepant results reported in the literature, 
this is probably due to the use of animals of different ages or to differences in 
experimental design and technique (34,35,38,39). 
      LPL activity in adipose tissue is most likely regulated during feeding and fasting 
by a complex array of factors, such as insulin, glucagon, and glucocorticoid levels as 
well as sympathetic innervation (9,15). LPL can be regulated by several mechanisms, 
dependent on the time scale of the required response and the effectors involved (38). 
The study in this thesis further indicates that adipose tissue-derived TNF-α may be 
important for nutritional regulation of LPL. The detailed mechanism involved in 
nutritional regulation of LPL activity in adipose tissue is still an unsolved question. 
Big effort will be needed due to the complexity of the in vivo experiments and the 
limited information from the in vitro experiments. 
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SCOPE OF THIS STUDY 
 
      The general aim of the present study was to investigate the mechanisms involved 
in nutritional regulation of LPL activity in adipose tissue.  
 
 
Specific aims: 
  
             1.   To investigate if changes of distribution of LPL in the tissue are involved  
                   in the nutritional regulation of LPL in adipose tissue. 

2. To study if any gene expression is crucial for the nutritional regulation of 
LPL activity in adipose tissue. 

3. To explore the possible factors involved in nutritional regulation of LPL 
in adipose tissue. 
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PRESENT INVESTIGATION 
 
 
Nutritional state and extracellular LPL in adipose tissue (I) 
 
      As reported earlier LPL mass was similar, but LPL activity was higher in adipose 
tissue from fed compared with fasted rats (32). To study the distribution of LPL 
within the tissue we used collagenase to digest the extracellular matrix. The 
adipocytes were then isolated by floatation. Since collagenase can quickly cleave LPL, 
it is not possible to recover and directly measure extracellular LPL. The pellet of 
sedimented cells (often called the stromal-vascular cells) contained only 3% of tissue 
LPL activity and 4% of tissue LPL mass. Hence, virtually all LPL was either in 
adipocytes or extracellular. The amount of extracellular LPL could therefore be 
estimated as the difference between tissue total and adipocytes. This activity was 3.5-
fold higher in fed compared with fasted rats. In contrast, extracellular LPL mass did 
not differ significantly between the nutritional states. LPL activity within adipocytes 
was the same irrespective of the nutritional state so that the difference in tissue LPL 
activity was always due to a difference in extracellular activity. LPL mass on the 
other hand did not differ significantly with nutritional state, in tissue total, in 
adipocytes, or extracellular.  
 
Nutritional state and turn-over of LPL in adipose tissue (I and II) 
 
      Since the size of the pools of LPL are determined in part by the turnover rates, 
which might change with the nutritional state we studied the effect of nutritional state 
on the turn-over of LPL in adipose tissue. When protein synthesis was inhibited with 
cycloheximide, LPL activity and protein mass in adipose tissue from fed rats 
decreased rapidly and in parallel with half-lives of around 2h (II). The much lower 
activity in the fasted rats also dropped. To be able to compare the rates between the 
nutritional states we recalculated the data as percent of initial activity. When 
expressed in this way, the LPL activities decreased at virtually the same rate in the 
two nutritional states. The loss of LPL mass and activity during the initial rapid phase 
(about 2h) and the subsequent slow phase differed between experiments, presumably 
due to variation in the extent to which protein synthesis was inhibited. One question is 
obvious here: how about the turn-over rate in active/inactive and intra/extracellular 
LPL on nutritional change? In a separate experiment LPL mass in adipose tissue 
decreased by 45-55% in 90 min with cycloheximide treatment. The percentage loss of 
LPL mass was similar for tissue total, for adipocytes, and for calculated extracellular 
LPL mass. LPL activity decreased by 53 and 47% in whole tissue and by 52 and 42% 
in adipocytes from fed and fasted rats, respectively. These differences were not 
statistically significant. In any case, this experiment shows that all four pools of LPL, 
active/inactive, intra/extracellular, turn over rapidly and at similar fractional rates (I). 
 
Heparin releases only extracellular LPL from adipose tissue (I) 
 
      Many studies have shown that LPL is released from its endothelial binding sites 
by heparin (40-42). We questioned how much and what fraction of the total adipose 
tissue LPL could be released by perfusion with heparin. For this we injected heparin 
and measured tissue LPL mass and activity at a series of times. There was a gradual 
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decline of LPL activity with time. This was more pronounced in tissues from fed rats, 
from 1700 to 800 milliunits/g in 60 min compared with 700 to 600 milliunits/g in 
fasted rats. In contrast, there was no change in the activity within adipocytes. Hence, 
heparin mobilized a large fraction of the extracellular enzyme, but none of the 
intracellular. The decline of activity followed the same time course for fed and fasted 
rats and the percent of the initial extracellular activity that was lost over the 60 min 
studied was also the same, about 60% in both fed and fasted rats.  The changes in LPL 
mass followed the same trends as for LPL activity. Heparin extracted more LPL mass 
in the fed compared with the fasted rats, and the changes occurred only in the 
extracellular portion. Within the adipocytes, LPL mass remained constant. The 
specific activity of tissue LPL was 0.93 milliunit/ng in the fed rats and 0.39 
milliunit/ng in the fasted rats. A calculation of the specific activity for the enzyme that 
was lost from the tissue in 60 min after heparin injection returns values of 1.8 
milliunits/ng in the fed and 1.7 milliunits/ng in the fasted rats. These figures carry a 
large uncertainty since they were calculated as the ratio of differences between rather 
large values. Furthermore, they do not take into account the LPL that was produced 
and released from the adipocytes during the 1-h experiment. Nonetheless, the figures 
indicate that heparin released only, or at least mainly, the active species of LPL. 
 
 
The ratio between inactive and active forms of LPL in adipose tissue 
(I and II) 
 
      Earlier studies have shown that rat tissues contain at least two forms of LPL (32). 
The catalytically active form has high heparin affinity and elutes at about 1M NaCl 
from heparin-agarose. Inactive LPL elutes earlier in the gradient. There is more active 
than inactive LPL in adipose tissue from fed rats, whereas the reverse is true for fasted 
rats. In the present study, the peak ratio (inactive/active) was 0.49 ± 0.06 and 2.26 ± 
0.14 in tissue extracts from fed and fasted rats, respectively. There was no difference 
in the distribution of LPL between the active and inactive forms within the adipocytes. 
The peak ratios (inactive/active) were 2.05 ± 0.15 and 2.25 ± 0.04 in fed and fasted 
rats, respectively. The specific activity for the enzyme that eluted in peak two was 
similar for all four separations, i.e. for total tissue LPL as well as for adipocyte LPL in 
fed and in fasted rats (I). Surprisingly when transcription inhibitor actinomycin D was 
injected into fasted rats, the portion of active forms of LPL increased dramatically. 
The ratios between the two peaks (inactive/active) were 0.38 in the actinomycin-
treated rats compared to 2.27 in the fasted rats that were not given actinomycin. LPL 
in adipose tissue from fasted rats injected with actinomycin was present mainly in the 
active form, similar to LPL in adipose tissue from fed rats (II). 
 
 
Effect of transcription inhibitors on LPL activity in adipose tissue (II 
and IV) 
 
      Actinomycin D can inhibit DNA-dependent mRNA synthesis. When 24-h fasted 
rats were injected with actinomycin and then refed, LPL activity increased to the same 
level as in fed rats. LPL protein mass did not change significantly. Hence, up-
regulation of LPL activity during refeeding does not require synthesis of new mRNA. 
Next, we determined whether down-regulation of LPL activity during fasting requires 
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synthesis of new mRNA. Fed rats were injected with actinomycin or saline, and food 
was removed from the cages. Eighteen h later, LPL specific activity in adipose tissue 
from control rats (saline-injected) had decreased, as expected, to 30% of fed control. 
When transcription was inhibited by actinomycin, LPL mRNA decreased with half-
lives of 13.3 and 16.8 h in the fed and fasted states, respectively, demonstrating slow 
turnover of the LPL transcripts. Surprisingly, in adipose tissue from actinomycin-
injected rats, LPL-specific activity was slightly increased (140% of fed, p < 0.05). 
These findings show that the down-regulation of LPL specific activity during fasting 
requires synthesis of new mRNA and suggested that, during fasting, a gene is 
switched on whose product prevents LPL from becoming active even though 
synthesis of LPL protein continues unabated. We predicted that if we injected 
actinomycin into 24-h fasted rats with low adipose tissue LPL activity, we would turn 
off this proposed inhibitory gene, allowing active LPL to be formed again. Our 
prediction was upheld. 6h after injection of actinomycin into fasted rats, LPL activity 
in adipose tissue had increased almost 4-fold without refeeding, without any 
statistically significant change in LPL protein mass. The effect of actinomycin on 
LPL in adipose tissue could be reproduced with an unrelated transcription inhibitor, α-
amanitin (II). 
      Adipose tissue LPL activity in mice is also under nutritional regulation. The 
activity increases upon feeding and decreases with fasting. And this regulation is 
mainly post-translational as observed in rats. When transcription was blocked in 
fasted mice with actinomycin D, adipose tissue LPL activity increased significantly. 
Actinomycin D could also completely prevent fasting-induced down-regulation of 
LPL activity (IV). 
      These data indicate that turning off transcription could reproduce the signal that 
causes up-regulation of LPL activity on refeeding both in rats and in mice. 
 
Adipose tissue-derived TNF-α and LPL activity (II and III) 
 
      Actinomycin D inhibits DNA-dependent mRNA synthesis and prevents fasting-
induced down-regulation of LPL activity in adipose tissue (II). The predication is that 
fasting switches on gene(s) whose product(s) down-regulates LPL activity. Hence, we 
questioned what this gene is and what the signal(s) is that tells the adipose tissue to 
rapidly down-regulate LPL activity. From the literature there were two situations 
when adipose tissue LPL activity is rapidly down-regulated. One is food deprivation 
(43,44). Another is trauma/sepsis/lipopolysaccharide (45-48). In the latter case TNF-α 
has been implicated as a major mediator. TNF-α suppresses LPL mRNA in 3T3-L1 
adipocytes (49). A single injection of TNF-α decreases LPL activity in adipose tissue 
(but not other tissues) of mice, rats and guinea pigs (50). It was therefore natural to 
ask whether TNF-α might also be involved in the response to food deprivation. Since 
preliminary experiments showed that the rats ate little or nothing after the injection of 
TNF-α, we compared three group, rats with continued access to food given saline, rats 
deprived of food given saline, and rats deprived of food given TNF-α. LPL activity 
decreased by 70% in the rats deprived of food but by 81% in rats given TNF-α. This 
difference was statistically significant. In both of the groups deprived of food there 
was a tendency towards a decrease of LPL mass, but this did not reach statistical 
significance in this experiment. The main change was in the specific activity of LPL 
which decreased from 0.92 mU/ng in the fed rats to 0.35 and 0.24 mU/ng in the rats 
deprived of food given saline or TNF-α, respectively. To explore whether TNF-α is 
involved in the response to food deprivation we measured endogenous adipose tissue  
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TNF-α activity under our experimental conditions. The TNF-α activity was about 
40% higher in rats deprived of food for six hour compared to rats with access to food.   
TNF-α protein level also increased from 1256 in rats with access to food to 2108 
pg/pad in rats deprived of food for six hour. 
      If TNF-α is involved in the response of LPL to food deprivation, blocking TNF-α 
production should impede the response. To test this we used pentoxifylline. This is a 
non specific inhibitor of phosphodiesterase known to decrease production of TNF-α. 
The inhibitor had no effect on TNF-α or LPL activity in fed rats but almost abolished 
the rise of TNF-α and the decrease of LPL activity in rats deprived of food. Similar 
results were obtained with another inhibitor, theophylline. When the data for TNF-α 
and LPL activity were plotted against each other there was a rather strong negative 
correlation. From the literature it seemed possible that the response of LPL to TNF-α 
might involved nitric oxide or a prostaglandin. Our further results denied this 
hypothesis. Since the activation of NFκB is one of the most important steps in the 
signaling pathway of TNF-α, rats were pre-treated with pyrrolidinedithiocarbamate 
(PDTC), which reversibly suppresses the release of IκB from the latent cytoplasmic 
form of NFκB in cells treated with TNF-α (51). This caused a small but statistically 
significant decrease in the response of adipose tissue LPL activity to food deprivation 
without or with injection of TNF-α. 
      The injection of lipopolysaccharide (LPS) into rats caused an increase of adipose 
tissue TNF-α and a decrease of LPL activity of similar magnitude to that seen in rats 
given TNF-α. Both of these effects were strongly impeded by pre-treatment of the rats 
with pentoxifylline, supporting a role for endogenous TNF-α in the down-regulation 
of adipose tissue LPL activity by LPS. The results suggested that the down-regulation 
of adipose tissue LPL activity by LPS is mediated by TNF-α. 
      Taken together, the above studies indicated that TNF-α may be involved in 
nutritional regulation of adipose tissue LPL activity. Our previous studies had 
indicated that the signaling during fasting involves activation of a gene, separate from 
the LPL gene (52). We therefore questioned if this gene is up- or down-stream of 
TNF-α. To explore this, rats were pre-treated with actinomycin D. As reported before, 
this virtually abolished the decrease of LPL activity in rats deprived of food. It also 
abolished the effect of TNF-α. We conclude that the gene is down-stream of TNF-α. 
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GENERAL DISCUSSION 
 
      The major aim of this project was to investigate the mechanism involved in 
nutritional regulation of LPL activity in adipose tissue.  
      In white adipose tissue, LPL activity changes during the day according to the 
nutritional state. This appears to be mediated by posttranscriptional mechanisms. 
During short term fasting, LPL activity in rat adipose tissue decreases without 
corresponding changes in the levels of mRNA and protein mass, thereby reducing the 
specific activity (activity/protein mass ratio) (33,53-55). Bergo et al found that this 
occurs because the distribution of lipase protein shifts toward an inactive form and 
that refeeding for 4h can restore the suppressed activity (32,56). The signal and 
mechanism for these changes in the activity status of the enzyme were unknown. 
      Our study shows that in fasting rats, a gene is switched on in adipose tissue that 
makes the tissue produce an inactive form of LPL. Inhibition of mRNA synthesis by 
actinomycin completely blocked the down-regulation of LPL activity in adipose tissue 
during fasting. Moreover, administration of actinomycin or α-amanitin, another 
inhibitor of transcription, to fasted rats completely restored LPL activity within 6h. 
This effect is not due to increased levels of circulating hormone or changed nerve 
signaling activity to adipose, since it has been shown that  actinomycin has the same 
effect during in vitro incubation (57,58). Although actinomycin could also block the 
biosynthesis of LPL mRNA, LPL mRNA has a rather long half-life (16.8h in fasted 
rats). For this reason, mRNA was available for continuous synthesis of LPL protein 
even after the animals had been given actinomycin. With such stable mRNA, it is not 
possible for the cell to rapidly regulate LPL activity on a transcriptional level. Instead, 
the regulation must be mediated on the translational or posttranslational level. If a 
block in LPL synthesis mediated the decrease in LPL activity on fasting there would 
have to be an associated block in LPL degradation. This is clearly not the case in our 
study. LPL protein mass in adipose tissue was not changed by fasting process and the 
turnover of LPL protein was the same in the fed and in the fasted states. 
      Our findings suggest a perspective on the regulation: the default (fed) state is 
characterized by a high LPL activity and mass synthesized from a stable mRNA 
where the newly synthesized LPL is processed mainly into the active form. The 
enzyme is then secreted and transported to nearby capillaries where it acts on 
lipoproteins. During periods of caloric restriction (i.e., between meals or during 
fasting), LPL mRNA and protein mass remain high in adipose tissue. However, LPL 
activity can be suppressed by the induction of a short-lived gene product that causes 
newly synthesized LPL to be channeled into an inactive form. Refeeding or 
administration of actinomycin inhibits the expression of this putative factor, allowing 
active LPL to be formed. This is a general mechanism operating both in rats and in 
mice (52,59). 
      We then tried to identify the signaling pathways involved in fasting-induced 
down-regulation of LPL activity in adipose tissue. Our results indicate that adipose 
tissue-derived TNF-α may be involved in this physiological short-term regulation of 
LPL in adipose tissue and NFκB is one of the components in the signaling pathway. 
Exogenous TNF-α declined LPL activity in adipose tissue, while actinomycin 
pretreatment could completely block this effect suggesting the gene in question is 
downstream of TNF-α, and is probably one of the many genes turned on by NFκB 
(51).  
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      When studying the regulation of LPL we considered LPL activity and mass of 
intact tissue. Actually functional LPL may be more relevant than that measured in 
tissue homogenates (22,23). In adipose tissue LPL is localized in adipocytes 
(intracellular) and outside adipocytes (extracellular, including endothelium). We tried 
to understand  if changes in this distribution are involved in the regulation of LPL 
activity and studies showed that most of the LPL protein in adipose tissue was located 
extracellularly, irrespective of the nutritional state. The specific activity of 
intracellular LPL remained the same. It was the specific activity of the extracellular 
enzyme that changed. This distribution was not due to differences in turnover rate of 
the extracellular enzymes. Our data thus indicate that the nutritional regulation of 
adipose LPL is exerted on the activity state of the extracellular enzyme.             
      To gain information on where in the tissue the extracellular LPL is localized we 
injected heparin. Tissue LPL activity decreased by only 10% during the first 2 min. 
This presumably represented the LPL molecules that were at the endothelial surface. 
Over the next 60 min an additional 40% of the LPL activity continued to disappear 
from the tissue. That tissue LPL activity continued to decrease long after of the 
endothelial-bound enzyme had been released supports the view that there is a 
relatively large pool of LPL molecules that recirculate between the luminal surface of 
the endothelium and extravascular sites in the tissue (43). Heparin releases primarily 
the active form of LPL. One hour after injection of heparin, tissue LPL activity had 
decreased by about 50%. This corresponds to more than two-thirds of the extracellular 
LPL activity. In contrast, LPL activity within the adipocytes did not change. Heparin 
released more than five times as much LPL activity from the adipose tissue of fed 
compared with fasted rats. The active, extracellular LPL was equally accessible to 
release by heparin in both nutritional states. Hence, the larger release in the fed rats 
was a reflection of the larger amount of active extracellular LPL rather than due to 
some difference in how the enzyme was located in the tissue. 
      Our studies point out that down-regulation of LPL activity in adipose tissue during 
fasting requires that a gene, separate from the lipase gene, is switched on. The product 
of this gene accomplishes the switch from predominantly active to predominantly 
inactive form(s) of LPL. This switch primarily affects the extracellular LPL and 
adipose tissue-derived TNF-α may be only one of the factors involved in this process.  
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SUMMARY 
 
 
             ●   Fasting down-regulates extracellular LPL activity in adipose tissue. There  
                   is no difference in intracellular LPL activity or mass in adipose tissue  
                   from fed and fasted rats.    
          
            ●   Up-regulation of LPL activity in adipose tissue requires synthesis of new  
                  protein but not mRNA. Down-regulation of adipose tissue LPL activity  
                  requires synthesis of new mRNA, and this must be the mRNA for some  
                  other protein. 
 
             ●   A default state exists in adipose tissue where LPL protein is synthesized  
                   on a relatively stable mRNA and is processed into its active form. During  
                   fasting, a gene is switched on whose product prevents the enzyme from  
                   becoming active even though synthesis of LPL protein continues unabated. 
 
             ●   Adipose tissue-derived TNF-α may be involved in the response of LPL  
                   activity to nutritional state. The gene responsible for down-regulation  
                   of LPL activity is down-stream of TNF-α. 
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PERSPECTIVES 
 
      In the present investigation we deal with the mechanism for adaptation of LPL 
activity in adipose tissue to nutritional state. Fasting switches on gene(s) in adipose 
tissue whose product down-regulates extracellular LPL activity.  
      Because of the complexity of the systems involved, such as hormones, their 
receptors, the different transduction mechanisms and the many potential interactions, 
elucidation of the detailed mechanism for nutritional regulation of LPL activity in 
adipose tissue is expected to require new experimental approaches and a long-term 
effort. In vivo experiments are too complex to unravel the mechanism. Studies with 
adipocytes have shown relatively small or no differences in LPL activity and secretion 
between cells from fasted compared with fed rats (38,60-62). The next step must 
therefore be to find a suitable cell system and/or conditions where the putative LPL-
regulating gene can be switched on and off and the effects on LPL maturation, 
trafficking, and stability can be studied in detail. Our present question is: which 
gene(s) is switched on by fasting and contributes to the down-regulation of 
extracellular LPL activity in adipose tissue? 
      The response of LPL activity to feeding and fasting appears to occur in a 
reciprocal manner in adipose tissue, skeletal muscle and heart (63,64). It was 
suggested that such change may serve as a mechanism to divert circulating TG 
according to the demands of the body. However, the underlying mechanism is 
presently not known. What are the specific nutritional signals that are recognized by 
adipocytes, cardiac myocytes and skeletal myocytes? How are these signals 
transduced into producing a reciprocal response in functional LPL activity? Do the 
specific cell types responsible for LPL synthesis and processing in these tissues 
recognize different signals, or are there selective, tissue-specific biochemical 
mechanisms that can produce reciprocal effects on enzyme activity in response to the 
same signal? It is apparently that our study in this thesis did not provide complete 
information. It is a challenge for all the researchers in this field to give satisfying 
answers to these questions. Surely, we will better understand the elaborate nutritional 
regulation of LPL activity in adipose tissue, heart and skeletal muscle if we solve 
these puzzles. One of the approaches in the near future will be to carry out studies 
using microarray and proteomics technology to identify the putative gene(s) whose 
product are involved in nutritional regulation of LPL in adipose tissue, skeletal 
muscle and heart. On the other hand, to set up a satisfying model system for studying 
the mechanism involved in regulation is also an urgent task. Our recent study found 
that endoplasmic reticulum (ER) molecular chaperones such as calreticulin and 
calnexin  promote folding and dimerization of LPL (65). Mikami et al also 
demonstrated that fasting decreased protein disulfide isomerase in rat (66).It will be 
interesting to find the possible relation between ER molecular chaperones and the 
nutritional regulation of LPL activity in adipose tissue. 
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