
Abstract

Aims/hypothesis. Dysfunctions of lipoprotein lipase
(LPL) have been found to be associated with dyslipi-
daemias, atherosclerosis, obesity and insulin resis-
tance. There are two conflicting hypotheses regarding
the roles of LPL in glucose metabolism and insulin re-
sistance. Whether systemically increased LPL activity
would be beneficial or detrimental to insulin sensi-
tivity is yet to be resolved. To address this issue, we
studied transgenic rabbits overexpressing human LPL
transgene.
Methods. LPL transgenic and control rabbits were fed
a 10% high-fat diet (HFD) for 16 weeks. To evaluate
glucose metabolism, we compared plasma levels of
glucose and insulin in transgenic rabbits with control
rabbits and performed an intravenous glucose toler-
ance test. In addition, we measured adipose tissue 
accumulation in HFD-fed rabbits.
Results. Increased LPL activity in transgenic rabbits
resulted in a significant reduction of plasma triglyc-
erides and non-esterified fatty acids, but not in basal

levels of glucose and insulin. HFD feeding induced
an elevation of plasma glucose levels accompanied
by hyperinsulinaemia in control rabbits, but was 
significantly inhibited in transgenic rabbits. The 
intravenous glucose tolerance test showed that 
transgenic rabbits had faster glucose clearance associ-
ated with lower levels of insulin secretion than 
control rabbits. In addition, there was a significant re-
duction of body adipose tissue in transgenic rabbits
compared with in control rabbits fed an HFD. Scan-
ning electron microscopic examination revealed that
adipocytes in transgenic rabbits were predominately
small cells.
Conclusions/interpretation. Our results showed that
systemically increased LPL activity improves insulin
resistance and reduces adipose accumulation in trans-
genic rabbits, indicating that systemic elevation of
LPL may have potential benefits for the treatment of
insulin resistance and obesity.
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Introduction

Insulin resistance, which can in part be defined as a
reduced capacity of insulin to increase glucose uptake
and metabolism in target tissues such as skeletal mus-
cle and adipose tissue, has long been associated with
elevation of plasma triglycerides (TG) and NEFA [1].
Therefore, understanding the factors that modulate TG
and NEFA levels could provide clues for the treatment
and prevention of the disease.

Lipoprotein lipase (LPL) plays a pivotal role in
lipids and the metabolism of lipoprotein [2, 3]. Major



functions of LPL include the hydrolysis of TG-rich
lipoproteins and the release of NEFA, which are taken
up and used for metabolic energy in peripheral tissue
such as muscle, or are re-esterified into TG and stored
in adipose tissue [2, 3]. The balance between these
competing effects could determine whether increased
LPL activity will lead to a reduced rate of weight gain
(through greater disposal of ingested fats as metabolic
fuel) or to increased adiposity through increased rates
of adipose tissue storage of TG. Several previous
studies have shown that an imbalance of LPL activity
may alter the partitioning of plasma TG between mus-
cle and adipose tissue, and thus influence insulin re-
sistance and obesity. For example, increased LPL in
muscle and liver might lead to the over-production of
NEFA, to accumulation of TG, and to the subsequent
impairment of the insulin signal, resulting in a state of
insulin resistance [4]. In addition, LPL activity was
found to be higher in visceral adipose tissue of obese
mice and humans, which could lead to increased
NEFA influx through the portal vein into the liver, and
could again result in a state of insulin resistance [5, 6].
Taken together, these studies suggest that high LPL
levels could be associated with, or are the causes of,
insulin resistance and obesity.

On the other hand, increased LPL levels have been
shown to have completely opposite effects on glucose
metabolism and insulin sensitivity. Patients deficient
in LPL have hypertriglyceridaemia and high levels of
NEFA, which is associated with insulin-resistant dia-
betes and can be ameliorated by lowering concentra-
tions of TG [7]. Administration of the compound 
NO-1886, an LPL-promoting agent in rats [8], rabbits
[9] and pigs [10] fed a high-fat diet (HFD) suppresses
fat accumulation and insulin resistance. Therefore, it
is not clear, when within a physiological range,
whether “the higher, the better” or “the lower, the 
better” is a more accurate description in terms of LPL
activity in glucose tolerance and adipose tissue. This
is an important issue, as ascertaining the true situation
will help us to understand whether raising LPL levels
can be used as a therapeutic method to treat hyperlipi-
daemias, diabetes and obesity, or whether it is unsafe
to use LPL-raising agents in patients with such condi-
tions [11, 12].

It might be difficult to elucidate the multiple and
complex roles of LPL in humans in terms of insulin
resistance and its related disorders such as diabetes
and obesity. One of the best experimental approaches
is to use transgenic animals that overexpress LPL.
Several lines of transgenic mice that overexpress hu-
man LPL have been created, and although the sites of
overexpression differ, all transgenic mice show de-
creased plasma levels of TG [4, 13, 14, 15, 16, 17,
18]. However, studies on transgenic mice have also
generated conflicting results regarding the effects of
LPL on insulin resistance. For example, two studies
on LPL transgenic mice have shown that overexpres-

sion of human LPL in mouse muscle is associated
with insulin resistance [4, 17], whereas one group
(even using the same transgenic mice as in the above
study) failed to show a correlative or causal relation-
ship between increased LPL activity and insulin resis-
tance even though there was increased TG content in
the muscles [18]. In addition, one study reported that
LPL transgenic mice were protected against diet-in-
duced obesity regardless of slight hyperglycaemia
[16]. Collectively, these transgenic mouse studies in-
dicate that overexpression of LPL results in (i) re-
duced plasma levels of TG accompanied by accumula-
tion of TG in muscles, (ii) decreased adipose tissue or
diet-induced obesity, and (iii) remaining controversy
as to whether or not elevated LPL activity would pro-
vide protection from insulin resistance and obesity.

Our laboratory generated transgenic rabbits that
systemically overexpress human LPL, in an attempt to
investigate the relationship between LPL and athero-
sclerosis, and reported that increased LPL has a pro-
found impact on lipid metabolism and atherogenesis
[19]. Since features of lipoprotein metabolism in rab-
bits are very similar to those in humans (so-called
LDL mammals) but are unlike those of rodents (so-
called HDL mammals) [20], we envisioned that LPL
transgenic rabbits might be an adequate model for the
study of the cause-and-effect relationship between
LPL and metabolic disorders such as insulin resis-
tance and obesity. Furthermore, several lines of evi-
dence have shown that even expression of the same
transgene in transgenic mice and rabbits leads to com-
pletely different interpretations, possibly due to the 
intrinsic differences between rabbits and rodents [20].
A striking example of such difference between two
species is that high expression of LPL in transgenic
mice induces myopathies, which is not the case in
transgenic rabbits, as reported by our laboratory [21].
In this study, we were especially interested in investi-
gating whether increased LPL activity causes an im-
provement or a deterioration in glucose metabolism
and obesity.

Materials and methods

Animals. Human-LPL-overexpressing transgenic rabbits were
generated by microinjection of human LPL cDNA under the
control of the chicken β-actin promoter [22] as described pre-
viously [19]. A male LPL transgenic rabbit (F1 from the L17
line) supplied by Tsukuba University was mated with normal
female Japanese White rabbits (JW:kbt; Biotek, Saga, Japan)
in our facility. Hemizygous male transgenic rabbits (hLPL
gene+/0) and control littermates were used in this study. During
the experiment, rabbits were housed individually in metal
cages in a room maintained at constant temperature (24±2 °C)
and humidity (55±15%). They were given free access to water.
Rabbits were analysed at the age of 16 weeks, having previ-
ously been fed a chow diet, and were then fed an HFD com-
posed of 10% (w/w) corn oil and lard (corn oil : lard = 2:1, by
weight) in standard rabbit chow (CRB-1; CLEA, Tokyo,
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Japan) for 16 weeks. At the end of the experiment, rabbits
were killed by overdose of thiamylal sodium for the determina-
tion of body fat, tissue TG contents and LPL activity. The ex-
perimental protocols were approved by the Saga University
Animal Experimentation Committee and performed according
to the Saga University Guidelines for Animal Experimentation.

Analyses of LPL activity and plasma lipids. After overnight
fasting (16 h), rabbits were injected with a bolus injection of
heparin at a dose of 30 U/kg and blood was collected 10 min
after injection. The enzymatic activity of LPL in post-heparin
plasma was determined by the method described previously
[19]. Plasma TG, total cholesterol, HDL cholesterol and NEFA
were determined using commercially available kits (Wako
Pure Chemical Industries, Osaka, Japan).

Intravenous glucose tolerance test. For the evaluation of glu-
cose metabolism, rabbits were fasted overnight and an IVGTT
was performed [23]. After rabbits were injected with glucose
solution (0.6 g/kg), a blood sample was drawn at 5, 10, 15, 20,
30, 45, 60, 75 and 120 min. Plasma glucose and NEFA were
assayed using Wako kits. Plasma insulin was determined using
a commercial ELISA kit (Morinaga, Yokohama, Japan) with
rabbit insulin as standard.

Magnetic resonance imaging analysis. For the evaluation of
adipose tissue after HFD feeding, rabbits were scanned using
magnetic resonance imaging (MRI). For this analysis, rabbits
were anaesthetised with ketamin (25 mg/kg, i.m.) plus medeto-
midine (0.5 mg/kg, s.c.) before scanning to avoid artifacts due
to movement. Imaging was performed with 0.2 T on a whole-
body system (MRP20; Hitachi Medical Corporation, Tokyo,
Japan) using a knee quadrature coil for humans with a diame-
ter of 15 cm and length of 18 cm. To reduce artifacts caused by
tissue heterogeneities, a three-dimensional spin-echo sequence
with a repetition time of 500 ms, an echo time of 25 ms, and 
a flip angle of 90° was applied. The investigated volume con-
sisted of 10 cross sections focused on the abdomen with a slice
thickness of 6 mm, using a field-of-view of 220 mm, and a
scanning matrix of 256 × 256 mm.

Body fat contents. After 16 weeks of the HFD, adipose tissues
from the whole body were carefully removed, weighed while
still wet and expressed as a percentage of the body weight. We
divided adipose tissues into (i) subcutaneous adipose tissue in-
cluding fat from the inguinal, axilla, and scapular regions, and
(ii) visceral adipose from the abdominal cavity, mesenterium,
and retroperitoneal fat.

Cellular size distribution of adipocytes. Adipose tissues were
fixed in 10% neutral-buffered formalin and post-fixed in 1%
osmium tetraoxide. The size of adipocytes in transgenic and
control rabbits was examined by scanning electron microscope
(JSM-6320F; JEOL, Tokyo, Japan). Each part of the adipose
tissues was randomly observed under ×200 magnification and
at least ten pictures were taken. The diameter of at least 100
adipocytes was measured using a MacScope image analysis
system.

Quantitation of tissue LPL activity and TG contents. After
overnight fasting, the liver and skeletal muscle (soleus) were
dissected and fixed in 10% neutral-buffered formalin for histo-
logical examination. After fixation, these tissues were embed-
ded in paraffin, cut into sections (5 µm thick) and stained with
hematoxylin-eosin. These tissues were also snap-frozen in 
liquid nitrogen for measurement of TG contents. Lipids in the
liver and skeletal muscle were extracted by methods described

previously [17, 24], and TG concentrations were measured 
according to the method by Danno et al. [25]. Tissue LPL ac-
tivity in liver, adipose and muscle was analysed as previously
reported [11].

Northern blot analysis of peroxisome proliferator-activated re-
ceptor-α and β-oxidation-related enzymes. Adipose tissue and
liver from rabbits fed HFD were snap-frozen in liquid nitrogen
and total RNA was isolated using Trizol reagent. Expression 
of peroxisome proliferator-activated receptor (PPAR)-α, acyl-
CoA oxidase (ACO) and carnitine-palmitoyl-transferase1
(CPT1) in these tissues was evaluated by northern blotting 
hybridised with 32P-labelled mouse cDNA probes.

Statistical analysis. Results were expressed as means ± SEM.
Statistical analysis was performed using either the Student’s
t test for the data with equal F value or Welch’s t test when 
the F value was not equal. A p value of less than 0.05 was con-
sidered statistically significant.

Results

LPL activity, plasma lipids, glucose and insulin levels.
LPL activity of post-heparin plasma in transgenic rab-
bits was approximately four-fold higher than that of
control rabbits (Table 1). Transgenic rabbits had sig-
nificantly lower levels of plasma TG, total cholesterol
and HDL cholesterol than control rabbits on both
chow and HFD (Table 2). Analysis of LPL activity of
post-heparin plasma of HFD-fed rabbits revealed that
HFD feeding resulted in a two-fold increase in LPL
activity in transgenic rabbits but 50% reduction in
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Table 1. Plasma LPL activity and concentration of NEFA in
transgenic and control rabbits

LPL NEFA 
(µmol NEFA·ml−1·min−1) (mEq/l)

Control (n=6) 0.125±0.020 0.282±0.040
Transgenic (n=8) 0.525±0.030** 0.172±0.028*

Data are expressed as means ± SEM. mEq, microequivalent.
All rabbits were aged 20–24 weeks. **p<0.01, *p<0.05 vs
control

Table 2. Plasma lipids in transgenic and control rabbits fed on
chow or an HFD

TG TC HDL-C 
(mmol/l) (mmol/l) (mmol/l)

Control Chow 0.37±0.02 0.59±0.05 0.43±0.04
(n=11–12) HFD 0.56±0.05† 0.36±0.06† 0.23±0.04†

Transgenic Chow 0.08±0.01* 0.34±0.06* 0.21±0.05*
(n=9–11) HFD 0.10±0.02* 0.30±0.06 0.21±0.05

Data are expressed as means ± SEM. TC, total cholesterol;
HDL-C, HDL cholesterol. The comparisons were made be-
tween chow diet and HFD in control rabbits (†p<0.01 vs chow)
or between transgenic and control rabbits fed an HFD
(*p<0.01 vs control)
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control rabbits. In this study we focused on the effects
of overexpression of LPL on glucose metabolism in
transgenic rabbits. On a chow diet, there was no dif-
ference in plasma glucose and insulin levels between
transgenic and control rabbits, but transgenic rabbits
had a lower level of NEFA (p<0.05; Fig. 1a–c).

When fed an HFD, the glucose and insulin levels in
control rabbits were significantly increased (p<0.01).
However, this HFD-induced effect was significantly in-
hibited in transgenic rabbits in which glucose and insu-
lin levels remained unchanged (Fig. 1a, b). HFD feed-
ing elevated the plasma level of NEFA in both control
and transgenic rabbits, but the degree of NEFA increase
was less prominent in transgenic rabbits than in control
rabbits (Fig. 1c). Body weights of LPL transgenic and
control rabbits at the start of the experiment were simi-
lar (3377.8±71.6 g vs 3318.0±44.1 g). Increase in body
weight in transgenic rabbits was slightly lower than that
in control rabbits after 16 weeks of the HFD, but we did
not find a significant difference between the two groups
(842.1±96.3 g vs 986.0±95.7 g). Daily HFD consump-
tion was not different between transgenic and control
rabbits (data not shown).

Intravenous glucose tolerance test. To investigate the
effect of increased LPL activity on insulin sensitivity,
rabbits on either a chow diet or an HFD were fasted
overnight and an IVGTT was performed. Transgenic
and control rabbits on a chow diet showed a similar
rate of plasma glucose clearance (data not shown). Of
the animals on an HFD, transgenic rabbits showed a
faster rate of glucose clearance from blood than con-
trol rabbits (Fig. 2a). In these transgenic rabbits, insu-
lin and NEFA levels were also constantly lower than
those in control rabbits (Fig. 2b, c). The insulin secre-
tion induced by the glucose injection into transgenic
rabbits reached a peak at 10 min and returned to the
basal level by 120 min. On the other hand, plasma in-
sulin level in control rabbits was constantly higher
than that in transgenic rabbits (Fig. 2b). In transgenic
rabbits, plasma NEFA levels remained lower than
those in control rabbits at all time-points (Fig. 2c). We
found that the AUC of glucose, insulin and NEFA in

transgenic rabbits were significantly lower than those
in control rabbits (p<0.05; Table 3). The insulin resis-
tance index [26] calculated from the IVGTT in trans-
genic rabbits was significantly lower than that in con-
trol rabbits (p<0.05; Table 3).

MRI analysis and body fat contents. After feeding the
rabbits an HFD for 16 weeks, we analysed the body
fat accumulation by T1-weighted MRI. In T1-weight-
ed MRI analysis, the adipose tissue appears bright in
contrast to the other tissue. MRI analysis revealed that
the visceral fat mass of transgenic rabbits was remark-
ably less than that of control rabbits (Fig. 3a). The re-

Fig. 1. Plasma glucose (a), insulin (b) and NEFA (c) levels in
transgenic (black bars) and control (white bars) rabbits before
and after feeding of an HFD for 16 weeks. Data are expressed
as means ± SEM. n=10 for each group. *p<0.05, **p<0.01

Fig. 2. Plasma glucose (a), insulin (b) and NEFA (c) levels in
transgenic (black circles) and control (white circles) rabbits 
after injection of glucose intravenously. Data are expressed as
means ± SEM. n=7 and n=10 for transgenic and control rabbits
respectively. *p<0.05, **p<0.01
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duced fat contents were also confirmed by measuring
the actual weight of the adipose tissues. In transgenic
rabbits, subcutaneous and visceral fat contents were
significantly lower than those in control rabbits
(Fig. 3b). Scanning electron microscopic examination
revealed that adipocytes in transgenic rabbits were
predominately small cells when compared with those

in control rabbits (Fig. 4). The mean diameters of
adipocytes in transgenic and control rabbits were
72.7±1.0 µm and 94.4±1.4 µm respectively.

TG content in the liver and skeletal muscle. Histologi-
cal examination showed many lipid droplets in the 
liver of LPL transgenic rabbits (Fig. 5a). TG content in

Fig. 3. MRI examination (a) and body fat contents (b) in trans-
genic (black bars) and control (white bars) rabbits after feeding
of an HFD for 16 weeks. SC, subcutaneous fat; VC, visceral

fat. Data are expressed as means ± SEM. n=10 for each group.
*p<0.05, **p<0.01

Fig. 4. Micrographs of adipocytes by scanning electron microscope (a) and size distribution of adipocytes (b) in transgenic (black
circles) and control (white circles) rabbits on an HFD for 16 weeks

Fig. 5. Histological features of liver (a) and TG contents in the
liver and skeletal muscle (b) of transgenic (black bars) and
control (white bars) rabbits on an HFD for 16 weeks. Data are

expressed as means ± SEM. n=6 and n=8 for transgenic and
control rabbits respectively. *p<0.05

Table 3. Comparison of AUC of glucose, insulin and NEFA in transgenic and control rabbits during an IVGTT

AUC IR index

Glucose (mmol·l−1) Insulin (µg·l−1) NEFA (mEq·l−1)

Control (n=10) 30.0±1.1 7.11±1.53 1.664±0.110 0.21±0.05
Transgenic (n=7) 25.3±1.3* 2.52±0.42* 1.226±0.170* 0.07±0.01*

Data are expressed as means ± SEM. mEq, microequivalent. Insulin resistance (IR) index was calculated from product of AUC of
glucose and insulin × 10−3 according to the method by Mondon [26]. *p<0.05 vs control
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the liver of transgenic rabbits was 25-fold higher than
that in control rabbits (p<0.05), whereas in skeletal
muscle, TG content in transgenic rabbits was slightly
increased (Fig. 5b). Analysis of tissue LPL activity re-
vealed that transgenic rabbits had a five-fold higher
LPL activity in liver and muscle than control rabbits,
but adipose tissue LPL activity was not different from
that in control rabbits (Table 4). Northern blot analysis
showed that expression of PPAR-α and ACO was
higher in the liver than in adipose tissue of both trans-
genic and control rabbits (Fig. 6), whereas CPT1 ex-
pression was barely detectable (data not shown). There
was no significant difference between the two groups.

Discussion

In this study, we demonstrated that overexpression of
LPL in transgenic rabbits improves HFD-induced 
insulin resistance and obesity. When challenged with

an IVGTT, glucose disposal curve and insulin re-
sponse in transgenic rabbits were significantly differ-
ent from controls: they had lower levels of insulin 
and NEFA associated with decreased AUC values and
insulin resistance index. LPL hydrolyses TG-rich
lipoproteins and results in the release of NEFA, which
are either taken up and used for metabolic energy in
peripheral tissue such as muscle and liver or re-esteri-
fied into TG and stored in adipose tissue. In IVGTT
experiments, NEFA tended to be cleared faster in
transgenic rabbits than in control rabbits, possibly 
due to enhanced LPL-mediated uptake of NEFA in 
peripheral (non-adipose) tissues. In support of this 
notion, a recent study has shown that LPL is a key 
enzyme for the generation of PPAR-α ligands [27],
thereby promoting β-oxidation and ketogenesis.
Transgenic rabbits had less fat accumulation and their
adipocytes were mainly smaller in size in comparison
with those in control rabbits. This phenomenon could
be explained by assuming that systemically increased
LPL activity decreases fat accumulation by accelerat-
ing the lipolytic process or inhibiting de novo lipogen-
esis, which was caused by competitively increased up-
take of NEFA by non-adipose tissue such as muscle,
although this hypothesis remains to be verified. Alter-
natively, LPL may regulate or interact with other pro-
teins that are associated with lipogenesis and/or lipol-
ysis in adipocytes such as hormone-sensitive lipase
and PPAR-γ or -δ. We are currently investigating these
molecular mechanisms. Nevertheless, it is generally
believed that smaller adipocyte size is associated with
improved insulin sensitivity [28]. If this is the case, a
reduced adipocyte size along with lower levels of
plasma NEFA in transgenic rabbits may help to ex-
plain why transgenic rabbits have increased insulin
sensitivity compared with control rabbits when fed an
HFD. In support of this notion, it has been reported
that small adipocytes can uptake and oxidise more
glucose than large adipocytes in the presence of insu-
lin [29]. It is unknown whether small adipocytes 
secrete humoral factors, such as adiponectins and
TNF-α, differently from large adipocytes.

Transgenic rabbits had prominent fatty liver on an
HFD. The possible mechanism for this “unwanted”
side-effect may be attributable to the high level of he-
patic LPL expression in transgenic rabbits (Table 4).
Increased LPL activity in the liver may lead to the 
enhanced uptake of TG-rich lipoproteins through re-
ceptor- and non-receptor-mediated pathways [19]. Al-

Table 4. Tissue LPL activity in transgenic and control rabbits fed an HFD for 16 weeks

Skeletal muscle Liver Adipose tissue

Control (n=5) 0.057±0.034 0.254±0.045 0.031±0.007
Transgenic (n=5) 0.249±0.061** 0.989±0.124** 0.039±0.006

Data are expressed as means ± SEM. Values are given in µmol NEFA·g tissue−1·min−1. All rabbits were fed an HFD for 16 weeks.
**p<0.01 vs control

Fig. 6. Northern blot analysis of PPAR-α and ACO gene ex-
pressions in liver (a) and adipose tissue (b) of transgenic
(black bars) and control (white bars) rabbits after feeding of an
HFD for 16 weeks. The expression levels were calculated and
expressed as the mean ratio to β-actin expression ± SEM. n=5
and n=4 for transgenic and control rabbits respectively



though we cannot exclude the possibility that trans-
genic rabbits may have (locally) hepatic insulin resis-
tance associated with the fatty liver [30, 31, 32], over-
all effect of LPL overexpression on insulin sensitivity
was apparently beneficial. These findings in trans-
genic rabbits contrast with the results in transgenic
mice that showed insulin resistance accompanied by
accumulation of TG in their skeletal muscle [16] or
liver [4]. Nevertheless, one study reported that there is
no effect of the accumulation of TG in skeletal muscle
on insulin-stimulated whole-body and muscle-specific
glucose uptake [18]. Another study [17] found no 
difference in the muscle TG contents between muscle-
specific LPL transgenic and control mice, in spite of
transgenic mice having a state of insulin resistance.
Therefore, it is not clear whether rabbits are different
from mice in terms of LPL effects on glucose metabo-
lism and insulin resistance.

In spite of this, our results favour the notion of the
elevation of LPL activity, such as by the compound
NO-1886 [8, 9, 10, 11] or by LPL gene therapy 
[12, 33], for therapeutic treatments of hypertriglyc-
eridaemia, obesity and related disorders. Compound
NO-1886 has been shown to increase LPL mRNA in
adipose tissue, myocardium and skeletal muscle, re-
sulting in an elevation of postheparin plasma LPL 
activity and a decrease in serum TG. Long-term treat-
ment with NO-1886 inhibited the development of
atherosclerotic lesions in coronary arteries and aorta
in rats [11]. Moreover, NO-1886 treatment suppressed
body fat accumulation and improved insulin resistance
in rats [8], rabbits [9] and pigs [10], induced by feed-
ing of HFD. Interestingly, NO-1886 also effectively
ameliorated fatty liver in obese rats, suggesting that
hepatic expression in transgenic rabbits was detrimen-
tal whereas increased muscle LPL was beneficial [34].

LPL transgenic rabbits also revealed an interesting
and unexpected finding regarding the inhibitory effect
of LPL on adipose tissue accumulation. Genetic and
diet-induced obesity are associated with high levels of
LPL in adipose tissue of humans [35] and rodents
[36]. However, these results may only suggest that
high LPL in adipose tissue is required to maintain
obesity, but is not causative of that obesity. Consistent
with findings in LPL-activator-treated rats [8], trans-
genic rabbits on an HFD had reduced adipose tissue
accumulation compared with control rabbits, which
has raised an interesting question: does LPL enhance
disposal of ingested fats as metabolic fuel, or does it
reduce adiposity through decreased rates of adipose
tissue storage of TG? In future studies, we hope to 
examine whether increased LPL in transgenic rabbits
leads to increased energy expenditure, such as a de-
creased respiratory quotient (i.e. increased lipid oxida-
tion), or to increased oxygen consumption.

In conclusion, we have demonstrated that systemi-
cally increased LPL activity in transgenic rabbits did
not lead to impaired insulin resistance and glucose 

tolerance. On the contrary, transgenic rabbits had rela-
tively lower levels of insulin and NEFA compared
with controls, suggesting that LPL may increase insu-
lin sensitivity of the whole body. Furthermore, the
current study indicates that systemic elevation of LPL
may protect against HFD-induced insulin resistance
and obesity. Although elucidation of the mechanistic
underpinnings of these phenomena requires further 
investigation, these results suggest that LPL might be
a therapeutic target for treatments of atherosclerosis as
well as insulin resistance and obesity.
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