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Abstract
Aims/hypothesis Lipoprotein lipase (LPL) is produced by
adipose tissue and skeletal muscle, but acts on plasma
lipoproteins after being transported to endothelial binding
sites. Insulin resistance is associated with decreased plasma
LPL mass. We investigated the effects of insulin sensitisa-
tion on tissue-specific LPL expression and transport in
patients with type 2 diabetes.
Materials and methods Arterio-venous gradients of plasma
LPL activity and mass across adipose tissue and skeletal
muscle were measured in 16 type 2 diabetic patients in a
double-blind, placebo-controlled, cross-over randomised
trial of rosiglitazone. In vivo LPL rate of action was
assessed by tissue-specific arterio-venous triglyceride con-
centration gradients. LPL mRNA was quantified in adipose
tissue and skeletal muscle biopsies.
Results Adipose tissue released large quantities of inactive
LPL (p<0.001); skeletal muscle released small amounts of

active LPL (p<0.01). Rosiglitazone increased adipose tissue
release of LPL mass (+35%, p=0.04) and decreased the
release of active LPL from skeletal muscle (−57%, p=0.03).
Rosiglitazone increased adipose tissue and skeletal muscle
LPL mRNA, but did not affect adipose tissue LPL rate of
action or activity. Adipose tissue release of LPL mass
correlated with systemic LPL mass concentrations (r=0.47,
p=0.007), suggesting that the rate of adipose tissue release
of LPL mass is a major determinant of systemic LPL mass
concentrations.
Conclusions/interpretation LPL transport from adipose
tissue and skeletal muscle are regulated differently. In
adipose tissue, rosiglitazone increases LPL mRNA abun-
dance and LPL transport rate and possibly increases
endothelial binding sites for LPL, but affects neither tissue
LPL activity nor LPL rate of action.

Keywords Lipases . Thiazolidinedione .

Very-low-density lipoprotein

Abbreviation
LPL lipoprotein lipase

Introduction

Lipoprotein lipase (LPL) is the key enzyme in the removal
of triglycerides from plasma. Indeed, states in which LPL
activity is decreased, such as insulin resistance and type 2
diabetes, are associated with elevated plasma triglyceride
concentrations. The mechanism by which this occurs is
unclear. Part of the explanation may lie in the decreased
abundance of active LPL on endothelial surfaces, a finding
demonstrated by injecting heparin i.v. into subjects with
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type 2 diabetes to release LPL from the endothelium into
the plasma and then quantifying plasma LPL activity [1–4].
Furthermore, type 2 diabetes and insulin resistance have
also been linked to low circulating LPL concentrations of
LPL protein mass [5, 6]. Neither of the two forms of LPL
present in the circulation, a very small amount of active
LPL and a larger amount of inactive LPL, is related to the
abundance of active LPL on endothelial surfaces, as
measured in post-heparin plasma [7]. It is, however,
possible that the inactive LPL in the circulation reflects
the overall generation of LPL in peripheral tissue, but this
hypothesis has never been formally tested. Indeed, it has
been suggested that the concentration of circulating LPL is
a global marker for insulin resistance [8] and also related to
cardiovascular disease [9]. However, the measurement of
circulating LPL protein mass, with or without i.v. heparin,
has not previously been associated with tissue-specific
regulation of LPL. As adipose tissue LPL mRNA abun-
dance is regulated by insulin, TNF-α, catecholamines and a
number of other factors [10, 11], these tissue-specific
changes are likely to be of importance in type 2 diabetes
and insulin resistance.

Adipose tissue LPL mRNA abundance is upregulated
postprandially by insulin, although a large proportion of the
rapid fasted-to-fed increase in active enzyme at endothelial
binding sites has been ascribed to post-transcriptional
changes with little or no changes in LPL mRNA. Studies
of rat adipose tissue suggest that the cellular secretion of
LPL protein is continuous. In the presence of insulin, LPL
remains mostly active [12, 13]. Conversely, in the fasted
state the inactive form of LPL predominates. The transition
to the inactive form requires transcription of an as yet
unknown gene [14], the product of which presumably acts
on the active form of LPL.

Little is known about the transport of LPL from the
adipocyte to the endothelium, but LPL can undergo
extracellular degradation by matrix metalloproteinases
[15]. The regulation of the density, distribution and
relative affinity of endothelial binding sites for LPL
between tissues is largely unknown and its regulation by
nutritional status has only been studied in the rat heart
[16]. Increased replenishment of active LPL on endothe-
lial binding sites in adipose tissue is therefore an
important aspect of the rapid upregulation of LPL seen
in the postprandial state.

The production and transport processes of LPL in vivo
can be examined by using arterio-venous techniques to
measure release of active and inactive LPL by specific
tissues. We have previously reported that LPL transport
differs between adipose tissue and skeletal muscle of
healthy humans [17]. Adipose tissue secretes substantial
quantities of inactive LPL, whilst at the same time
extracting part of the small amount of active LPL

presented to it by the arterial circulation. In contrast,
skeletal muscle releases less LPL overall, although a
larger fraction of this is active than that released by
adipose tissue.

In light of the key role played by insulin in LPL activity
in adipose tissue, and the abnormalities of LPL metabolism
in type 2 diabetes, we applied the same arterio-venous
technology to study LPL transport in insulin-resistant type
2 diabetic patients undergoing insulin sensitisation by
rosiglitazone.

Subjects, materials and methods

Subjects and protocol

The results on metabolic and physiological responses to
rosiglitazone in 24 patients with type 2 diabetes have
recently been reported [18]. Sixteen of these subjects had
full sets of plasma samples suitable for LPL measurements
and were used for this analysis. The mean baseline
characteristics and the responses to rosiglitazone of the 16
subjects presented here were similar to those of the 24
subjects included in the original study [18] (Table 1).

This was a double-blind, placebo-controlled, cross-over
study. Subjects were randomised into one of two groups:
rosiglitazone 4 mg twice daily for 12 weeks followed by
placebo for 12 weeks, or vice versa. At the end of each 12-
week treatment period, patients attended the clinical
research unit after a 10-h overnight fast for metabolic
investigation. Vigorous exercise and alcohol were avoided
for 24 h before each study.

To assess tissue-specific in vivo metabolism and LPL
function in humans, we measured arterio-venous differ-
ences of triglycerides [18], glycerol [18], LPL activity and
LPL mass across adipose tissue and skeletal muscle, and
also took tissue biopsies for measurement of LPL mRNA
expression and LPL tissue activity.

Arterialised blood was obtained from a vein draining a
heated hand. Venous blood from the forearm, reflecting the
venous drainage of skeletal muscle, was taken retrogradely

Table 1 Clinical characteristics of the patients

Placebo
(n=16)

Rosiglitazone
(n=16)

Change
(%)

p

Age (years) 51±3 – – –
Sex (M/F) 11/5 – – –
HbA1c (%) 7.2±0.2 6.9±0.2 −4% 0.014
BMI (kg/m2) 34.1±1.2 34.6±1.3 +1.5% 0.049

Values are means±SE
Statistical significance for effect of treatment was calculated by a
Student’s paired t-test
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from a deep antecubital vein [19]. Venous blood from
adipose tissue was obtained from the superficial epigastric
vein, as described previously [19]. Heparinised blood
samples were taken simultaneously from all three sites in
the fasting state and immediately put on ice for separation
of plasma at +4°C; plasma was frozen at −80°C within 1 h.
To prevent contamination of the blood from the forearm
vein with blood from the hand, a wrist cuff was inflated to
above the systolic blood pressure (either to 30 mmHg
above the systolic blood pressure or to 200 mmHg,
whichever value was higher) for 3 min before samples
were taken. Subcutaneous abdominal adipose tissue blood
flow was measured by 133Xe washout. Forearm muscle
blood flow was assessed by strain-gauge plethysmography.
Skeletal muscle and adipose tissue biopsies were taken
under local anaesthesia (1% lignocaine) 5 h after a stan-
dardised meal containing 40 g fat and 40 g carbohydrate.

Biopsies of s.c. abdominal adipose tissue were taken
with a 12-gauge needle, and muscle biopsies were taken
from the vastus lateralis muscle using a percutaneous
needle technique 5 h after ingestion of a standardised meal,
as described previously [18]. Tissue samples were imme-
diately frozen in liquid nitrogen and stored at −70°C for
later mRNA quantification and LPL activity in adipose
tissue.

The study was approved by the Oxfordshire Clinical
Research Ethics Committee, and all subjects gave their
written informed consent.

LPL measurements

The snap-frozen piece of adipose tissue was weighed,
thawed and immediately homogenised using a homogeniser
(Polytron PT-MR 3000; Kinematica, Littau, Switzerland) in
nine volumes of ice-cold buffer with detergents and
proteinase inhibitors (0.025 mol/l NH3, 5 mmol/l Na2EDTA,
and per ml: 1 mg BSA [Fraction V; Sigma–Aldrich
Sweden, Stockholm, Sweden], 10 mg Triton X-100, 1 mg
SDS and 5 IU heparin). One tablet of proteinase inhibitors
(Complete Mini; Roche Diagnostics, Rotkreuz, Switzer-
land) was added to 50 ml of this buffer and the pH was
adjusted to 8.2 [20]. The tissue homogenates were
centrifuged for 15 min at 2,500 g, after which the
intermediate phase (between the floating fat droplets and
the pellet) was used for assay of LPL activity.

For the assay of plasma LPL activity, a lipid emulsion
with the same composition as Intralipid 10% was used (soy
bean triglycerides emulsified with egg yolk phosphatidyl-
choline) [20], although the emulsion also contained a trace
amount of [3H]oleic acid-labelled triolein (kindly prepared by
Fresenius Kabi, Stockholm, Sweden). The incubations were
carried out for 120 min at 25°C in a total volume of 200 μl
containing 0.1 mol/l Tris–HCl, pH 8.5, 0.1 mol/l NaCl and

2 mg/ml triglycerides from the emulsion, 60 mg BSA,
0.1 mg heparin and 50 μl fasted rat serum as a source of the
activator apolipoprotein CII. Each sample was analysed in
triplicate. The fatty acids were extracted according to Dole’s
method as previously described [7], and the lipase activity is
expressed in milliunits per milliliter of plasma or milliunits
per gram of adipose tissue, where 1 mU corresponds to
release of 1 nmol fatty acid/min. The sample volumes were 3
and 20 μl from adipose tissue homogenates and plasma,
respectively. All samples were assayed in triplicate, from
which mean values were calculated. For selective measure-
ment of plasma LPL activity, plasma samples were pre-
incubated for 2 h on ice with one-half volume of goat IgG
raised against human hepatic lipase to inhibit all hepatic
lipase activity [7, 21].

LPL protein mass was determined by ELISA as previ-
ously described [20], using immunoaffinity-purified chicken
antibodies raised against bovine LPL for capture, and the
monoclonal antibody 5D2, also raised against bovine LPL,
for detection (a kind gift from J. Brunzell, Dept of Medicine,
University of Washington, Seattle, WA, USA). For most
samples, mean values were calculated from measurements of
three different dilutions (1/5, 1/10 and 1/20 for adipose tissue
and 1/10, 1/20 and 1/40 for plasma). LPL purified from
bovine milk was used as standard for the assay. The absolute
concentrations of LPL mass appear to be considerably lower
than previously reported [17]. The most likely explanation
for this discrepancy is that the concentration of the human
LPL standard previously used had been underestimated,
since it was based on measurement of LPL activity. The
standard preparation may have contained some inactive LPL
protein.

Calculations

The tissue-specific LPL rate of action was calculated by
multiplying the arterio-venous difference of plasma triglyc-
eride concentrations, corrected for free glycerol, across
either adipose tissue or skeletal muscle, with the tissue
blood flow, accounting for the haematocrit. The transport
rates of LPL mass and activity were calculated by
multiplying the arterio-venous differences for plasma LPL
mass concentration or activity with blood flow and
accounting for the haematocrit. When whole-body adipose
tissue LPL transport rate was calculated, the per unit
transport rates were multiplied by the estimated fat mass
based on age, sex and BMI.

Statistics

Within-group and treatment results are expressed as means
with 95% CIs. Treatment differences were calculated with
either Student’s paired t-test or Wilcoxon’s signed rank test
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when appropriate due to skewness. Pearson correlation
coefficients were calculated after checking for normal
distribution and Spearman rank correlations were used for
skewed data.

Results

Plasma LPL activity and mass in response to rosiglitazone

LPL activity in systemic (arterialised venous) plasma was
low: 0.35 mU/l with a 95% CI of 0.28–0.42 within the 16
diabetic subjects. There was no change in LPL activity in
response to rosiglitazone (−3%, NS) (Table 2). In contrast,
there was a clear increase in the systemic concentration
LPL mass in response to rosiglitazone (+22%, p=0.01).

Tissue-specific handling of LPL

Forearm

LPL activity was consistently higher (+45±11%, p<0.001)
in forearm venous blood than in arterialised, showing that
the forearm released active LPL (Table 3). Active LPL was
still released from the forearm after rosiglitazone treatment
(+26±9% compared with arterialised concentration,
p<0.001), and the transport rate of LPL activity, in which
the forearm blood flow was factored in, was reduced by 57±
28% (p=0.03) (Table 3). The release of LPL mass from the
forearm showed a different pattern. During placebo treat-
ment the arterio-venous difference in LPL mass as well as
the calculated transport rate of LPL from the forearm was
so small that it could not be distinguished from zero
(Table 3). However, after rosiglitazone the arterio-venous
difference for LPL mass appeared to increase slightly and
the transport was now quantifiable (2.8 ng min−1 100 g−1

tissue, 95% CI 1.1–4.6). As previously shown [18], the
forearm LPL rate of action was unchanged by rosiglitazone,
whereas the LPL mRNA content in skeletal muscle was

significantly increased (+73±30%, p=0.04) (Table 3). The
transport rate of LPL activity and mass was used to estimate
the change in specific activity of the released enzyme in
response to rosiglitazone. The ratio between LPL activity
and mass transport rates was 0.16 mU/ng during placebo
treatment. This was reduced by 81% in response to
rosiglitazone to 0.03 m/ng (p<0.001).

Adipose tissue

Adipose tissue showed a very different pattern compared
with the forearm. There was no significant arterio-venous
difference of LPL activity across adipose tissue on
placebo, whereas a tendency for lower LPL activities in
the adipose tissue venous samples compared with arte-
rialised samples was observed after rosiglitazone treatment
(p=0.07) (Table 3). The adipose tissue transport rate of LPL
activity was also indistinguishable from zero on placebo
treatment but significantly negative (p=0.04) after rosigli-
tazone, indicating uptake of active LPL from the systemic
circulation by adipose tissue (Table 3). In contrast to the
very low transport rates of active LPL from adipose tissue,
the arterio-venous difference of LPL mass was high in
adipose tissue. On average, adipose tissue venous plasma
had approximately 50% higher LPL mass concentrations
compared with the systemic circulation, which contrasted
with the forearm where the arterio-venous LPL mass
differences were close to zero. Also in contrast to the
forearm, the transport rate of LPL mass from adipose tissue
was distinct from zero (p<0.001) and increased by 35%
after rosiglitazone treatment (p=0.04) (Table 3). The
specific activity of the released enzyme could not be
calculated as it would involve negative numbers (for
comparison see forearm). Adipose tissue LPL rate of action
measured in vivo by the triglyceride extraction across the
tissue, and LPL tissue activity (measured in adipose tissue
biopsy material) were unchanged by rosiglitazone (Table 3).
Adipose tissue LPL mRNA expression was increased by
28±10% in response to rosiglitazone treatment (p=0.04).

Table 2 Plasma LPL activities and LPL mass concentrations in arterialised venous, forearm venous and adipose tissue venous blood after placebo
and rosiglitazone treatment

Plasma concentrations Placebo (n=16) Rosiglitazone (n=16) Change (%) p

LPL activity (mU/ml)
Arterialised 0.35 (0.28–0.42) 0.34 (0.29–0.39) −3 0.91
Forearm venous 0.53 (0.44–0.61) 0.44 (0.36–0.53) −17 0.09
Adipose tissue venous 0.33 (0.25–0.41) 0.29 (0.23–0.35) −12 0.44
LPL mass (μg/l)
Arterialised 14.3 (11.1–17.5) 17.4 (14.3–20.5) +22 0.01
Forearm venous 15.8 (12.9–18.6) 20.1 (17.0–23.2) +27 0.001
Adipose tissue venous 21.7 (17.9–25.5) 25.3 (21.3–29.4) +16 0.03

Values are means (95% CI)
Statistical significances between treatments were calculated by a Student’s paired t-test
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Relationship between adipose tissue LPL mass transport
and functional aspects of LPL

Comparing adipose tissue and the forearm, only adipose
tissue appeared to release LPL mass to any significant
degree. We sought to determine the impact of the release of
LPL mass from adipose tissue on systemic concentrations
of LPL. The output of LPL mass from adipose tissue,
expressed in nanograms per minute per one hundred grams
of tissue, was multiplied by the total fat mass of each
individual to estimate of the release of LPL mass from
whole-body adipose tissue. Adipose tissue release of LPL
mass positively correlated with systemic concentrations of
LPL mass (r=0.47, p=0.007) (Fig. 1).

The release of LPL mass from adipose tissue, measured
either after placebo or after rosiglitazone treatment, was not
related to the LPL activity of the tissue, measured either as

LPL activity in the adipose tissue biopsy specimen
(placebo, r=−0.09, p=0.74; rosiglitazone, r=−0.18,
p=0.49) or as the physiological LPL activity quantified by
the removal of triglycerides in the blood passing the tissue
(LPL rate of action) (placebo, r=−0.13, p=0.63; rosiglita-
zone, r=−0.12, p=0.64, respectively). However, as
expected, there was a positive relationship between adipose
tissue LPL activity and the physiologically measured LPL
rate of action (r=0.50, p=0.049) on placebo, although this
relationship was not detected after rosiglitazone treatment
(r=−0.18, p=0.49).

Release of LPL mass from adipose tissue (LPL mass
transport rate) was weakly related to adipose tissue LPL
mRNA abundance (r=0.34, p=0.056) when all observations
were taken together (placebo and rosiglitazone), but the
mRNA level were unrelated to the LPL activity measures
(data not shown).
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Fig. 1 Relationship between
estimated whole-body
adipose tissue LPL mass
production rate and the plasma
concentration of LPL mass.
Filled circles, treated with
placebo; open circles, treated
with rosiglitazone

Table 3 LPL activity and mass transport rates across s.c. adipose tissue and forearm, LPL rate of action in adipose tissue and forearm, LPL
mRNA expression in adipose tissue and skeletal muscle, and LPL activity in isolated s.c. adipose tissue

Placebo (n=16) Rosiglitazone (n=16) Change (%) p

Forearm/skeletal muscle
LPL activity transport rate (mU min−1 100 g−1 tissue) 0.21 (0.09 to 0.34) 0.09 (0.04 to 0.15) −57 0.03
LPL mass transport rate (ng min−1 100 g−1 tissue) 1.3 (−0.7 to 3.2) 2.8 (1.1 to 4.6) +115 0.15
LPL mRNA (arbitrary units) 22 (13 to 32) 38 (19 to 57) +73 0.04
LPL rate of action (nmol min−1 100 g−1 tissue) 51 (22 to 79) 32 (10 to 54) −37 0.21
Adipose tissue
LPL activity transport rate (mU min−1 100 g−1 tissue) −0.12 (−0.36 to 0.10) −0.12 (−0.23 to −0.01) + 0 0.96
LPL mass transport rate (ng min−1 100 g−1 tissue) 7.1 (3.5 to 10.6) 9.6 (6.8 to 12.5) +35 0.04
LPL mRNA (arbitrary units) 170 (129 to 211) 217 (173 to 261) +28 0.01
LPL activity in tissue (mU l−1 g−1 tissue) 2.3 (1.8 to 2.7) 2.7 (2.1 to 3.3) +17 0.22
LPL rate of action (nmol min−1 100 g−1 tissue) 83 (50 to 115) 101 (66 to 136) +18 0.39

Values are means (95% CI)
LPL mass and activity transport rates and LPL rate of action were calculated by multiplying the arterio-venous difference for LPL activity,
LPL mass and plasma triglycerides, respectively, across the tissue with the tissue blood flow and accounting for haematocrit. All measurements
were made in the fasting state except for the tissue biopsies (mRNA and adipose tissue activity), which were taken 5 h after a standardised
meal. The sample for analysis of skeletal muscle LPL mRNA was taken from the thigh
Statistical significances between treatments were calculated by Student’s paired t-test
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The treatment with rosiglitazone increased whole-body
insulin sensitivity. The indicator of insulin sensitivity
(homeostatic model assessment of insulin sensitivity
[HOMA-S]) was significantly related to adipose tissue
LPL mass release during placebo (r=0.57, p=0.01), but not
after rosiglitazone treatment (r=0.23, p=0.37). Insulin
sensitivity was unrelated to the LPL activity measures and
LPL mRNA contents (data not shown). Insulin sensitisation
in response to rosiglitazone (change in HOMA-S) was
strongly related to the change in adipose tissue LPL mRNA
content (r=0.81, p=0.001), but unrelated to change in
adipose tissue LPL activity or LPL mass release.

Discussion

This study underscores the fundamental differences in
regulation and turnover of LPL between human adipose
tissue and skeletal muscle. It is the first to describe the
tissue-specific effects on LPL of insulin sensitisation by
rosiglitazone in patients with type 2 diabetes.

We used arterio-venous blood sampling technology to
study the release of LPL from the tissues, which presum-
ably reflects the end of the lifetime of LPL in the tissues,
together with the release of LPL protein being produced in
its inactive form. Adipose tissue appears to release
significant amounts of inactive LPL, and tends to retain
the active enzyme as far as possible. In contrast, the human
forearm, which largely reflects skeletal muscle, releases
only negligible amounts of LPL, most of which is active
enzyme. Upon insulin sensitisation, adipose tissue further
increases its release of inactive LPL, but the increased
turnover of LPL protein in the tissue does not seem to have
any consequence for the activity of the enzyme. Since
rosiglitazone boosted LPL mRNA with a concomitant
increase in LPL protein production without any increase
in LPL activity in adipose tissue, it would be important to
understand the mechanisms by which active LPL is
inactivated in the tissue. This is probably a fundamental
mechanism regulating the fed-to-fasted reduction in LPL
activity seen in adipose tissue. Understanding of this
mechanism might open novel targets for interfering with
the LPL activity in the tissue.

Comparing the relationship between activity and mass of
LPL released from muscle and adipose described here with
a recently published paper, in which the specific activity of
post-heparin plasma was quantified using the same assays
as used here [22], we can estimate from the arterio-venous
differences that the specific activity of LPL leaving muscle
is in the range of 70 to 85% of that seen in post-heparin
plasma, whereas the corresponding figure for adipose tissue
is less than 1%. However, in response to rosiglitazone the
proportion of active LPL being released from skeletal

muscle decreased drastically and the specific activity of the
released enzyme would only correspond to something in
the range of 15% of that seen in post-heparin plasma [22].

LPL is produced by adipocytes and transported to
endothelial binding sites, to which active LPL displays
high affinity [23, 24]. As the inactive LPL does not have
the same binding affinity to these sites, it may be readily
released from the tissue. With the techniques used here, this
can be quantified as a positive arterio-venous balance for
LPL mass across adipose tissue. Although some of this LPL
release may be due to adipocyte secretion of inactive LPL,
it is not known whether some of the enzyme actually
reaches the endothelial binding sites in its active form and
thereafter undergoes rapid inactivation and release. This
scenario could be part of the well-established fed-to-fasted
regulation of LPL activity in adipose tissue, which is
largely regulated by post-transcriptional events. It is
therefore not surprising that the LPL mRNA content in
adipose tissue is unrelated to either tissue LPL activity or
physiologically quantified LPL rate of action. However, the
release of LPL mass from adipose tissue was related to LPL
mRNA content, which might suggest that the mRNA
content is a determinant of overall LPL production,
irrespective of whether it has been produced as active or
inactive enzyme. It seems plausible that the overall removal
of LPL from the tissue occurs mostly through dissociation
of LPL from endothelial binding sites and as a consequence
the appearance of LPL mass in plasma, rather than through
the re-uptake of inactivated enzyme by the tissue. It was
also interesting to observe that the rate of release of LPL
mass from adipose tissue correlated well with the systemic
concentration of LPL, suggesting that a production rate of
LPL mass from adipose tissue determines the systemic
concentration of LPL. This relationship appeared to be
augmented in response to the insulin sensitisation; adipose
tissue released more inactive LPL in response to rosiglita-
zone and the systemic concentration of LPL mass was
increased in line with this.

The striking difference between forearm and adipose
tissue release of LPL suggests that the endothelial binding
sites for LPL differ between the tissues. It is certainly
possible that some aspects of LPL regulation in the tissues
occur through the regulation of endothelial binding sites,
which theoretically could be mediated by regulation of cell-
surface expression of heparan sulphate proteoglycans. Very
little is known about nutritional regulation of proteogly-
cans, but it has recently been observed that insulin
increased the shedding of syndecan ectodomains on
adipocytes, which promote LPL transport [25]. In skeletal
muscle, the overall output of LPL was small and a
significant amount of the little enzyme that escaped from
the tissue was actually active. This might suggest that the
presence of endothelial binding sites limits the endothelial
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expression of active enzyme in muscle. In contrast, adipose
tissue appears to have plenty of endothelial binding sites; in
fact there were even signs of removal of active enzyme
from the blood passing through the tissue, which confirms a
previous observation using similar technology [17]. The
effect of rosiglitazone to reduce LPL activity transport rate
in the forearm and to increase the extraction of active LPL
in adipose tissue might suggest that peroxisome prolifer-
ator-activated receptor gamma agonists, or insulin sensiti-
sation, increase the endothelial binding sites for LPL.

This is the only study to have examined LPL mRNA
abundance, LPL mass and transport, i.e. release into the blood,
in specific tissues of patients with type 2 diabetes in response
to insulin sensitisation. Others have described increase of LPL
mass in response to thiazolidinediones [26, 27].

Systemic concentrations of LPL mass have been correlated
with insulin sensitivity [8]. Indeed, it has even been suggested
that LPL mass in plasma is a marker for the metabolic
syndrome, and this study would support this notion. It can
also be deduced from our data that the increase in LPL mass
is likely to originate from increased release of LPL mass from
adipose tissue upon insulin sensitisation.
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