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Apolipoprotein AII (apoAII) transgenic (apoAIItg) mice
exhibit several traits associated with the insulin resistance (IR)
syndrome, including IR, obesity, and a marked hypertriglyceri-
demia. Because treatment of the apoAIItg mice with rosiglita-
zone ameliorated the IR and hypertriglyceridemia, we hypoth-
esized that the hypertriglyceridemia was due largely to
overproduction of very low density lipoprotein (VLDL) by the
liver, a normal response to chronically elevated insulin and glu-
cose. We now report in vivo and in vitro studies that indicate
that hepatic fatty acid oxidation was reduced and lipogenesis
increased, resulting in a 25% increase in triglyceride secretion in
the apoAIItg mice. In addition, we observed that hydrolysis of
triglycerides from both chylomicrons and VLDL was signifi-
cantly reduced in the apoAIItgmice, further contributing to the
hypertriglyceridemia. This is a direct, acute effect, because
when mouse apoAII was injected into mice, plasma triglyceride
concentrations were significantly increased within 4 h. VLDL
from both control and apoAIItg mice contained significant
amounts of apoAII, with �4 times more apoAII on apoAIItg
VLDL. ApoAII was shown to transfer spontaneously from high
density lipoprotein (HDL) to VLDL in vitro, resulting in VLDL
that was a poorer substrate for hydrolysis by lipoprotein lipase.
These results indicate that one function of apoAII is to regulate
the metabolism of triglyceride-rich lipoproteins, with HDL
serving as a plasma reservoir of apoAII that is transferred to the
triglyceride-rich lipoproteins in much the same way as VLDL
and chylomicrons acquire most of their apoCs from HDL.

More than 95% of plasma apolipoprotein AII (apoAII)2 is
associated with high density lipoproteins (HDLs) where it is the
second most abundant protein comprising �20% of the HDL
total protein mass (1). Studies of the physiologic effects of

apoAII have focused on reverse cholesterol transport and anti-
oxidant functions, mechanisms through which HDLs are
believed to protect against atherosclerosis (2, 3). Most but not
all of these studies suggest that increased apoAII impaired both
of these processes and promoted atherosclerosis (4–8). Addi-
tional evidence for other physiologic effects of apoAII has come
from genetic studies in both humans andmice, which suggest a
role for apoAII in triglyceride and free fatty acid metabolism
(8–10). Subsequently, studies of genetically modified mice car-
rying a transgene for either human ormouse apoAII (3, 11–21),
as well as apoAII knockout mice (22), confirmed a complex
metabolic role for apoAII, including a rather profound effect on
plasma triglyceride concentrations.
Hypertriglyceridemia is an integral component of the pheno-

type of several disease states, including type 2 diabetes, familial
combined hyperlipidemia, and the metabolic syndrome, and it
is likely to be one of several contributing factors underlying the
increased atherosclerosis associated with these complex dis-
eases. Hypertriglyceridemia has been demonstrated to be an
independent risk factor for the development of premature ath-
erosclerosis, although the mechanisms involved are unclear
(23, 24). It is known that larger, more triglyceride-rich VLDL
(VLDL1) are the precursors for the more atherogenic small
dense LDL (25). Furthermore, intermediate density lipopro-
teins, or remnant lipoprotein particles, which also derive from
the catabolism of VLDL, are also pro-atherogenic (26). Hyper-
triglyceridemia also increases the availability of plasma free
fatty acids (FFAs), which can dramatically alter metabolism in
several tissues such as skeletal muscle and adipose, inducing
additional metabolic changes such as obesity and insulin resist-
ance. It is noteworthy that the plasma levels of FFA are
increased under conditions in which apoAII is elevated, both in
mice and humans (9).
While type 2 diabetes is clearly associated with hypertriglyc-

eridemia, the mechanisms underlying this association are not
clear. Hypertriglyceridemia can increase the availability of fatty
acids to various tissues, primarily skeletal muscle and adipose,
after hydrolysis by lipoprotein lipase. Mice that have a muscle-
specific overexpression of lipoprotein lipase develop skeletal
muscle insulin resistance as a consequence of increased fatty
acids taken up from plasma triglycerides (27). Thus, insulin
resistance can occur as a result of hypertriglyceridemia. On the
other hand, chronic increases in plasma insulin concentrations
and fatty acids, as would occur in obesity and type 2 diabetes,
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have beendemonstrated to cause hypertriglyceridemia through
increased production of VLDL by the liver (28–33). In this
scheme, which currently enjoys widespread acceptance with
respect to the etiology of hypertriglyceridemia associated with
type 2 diabetes, increased FFA released from the adipose tissue
are cleared by the liver, and due to chronic exposure to insulin,
VLDL synthesis is increased.
We previously demonstrated that mice, which overexpress

mouse apoA-II, exhibit a marked hypertriglyceridemia, hyper-
cholesterolemia, and increased plasma FFA, as well as insulin
resistance, increased adiposity, and increased atherosclerosis
(3, 5, 6, 20, 21). Treatment of the apoAIItgmice with an insulin-
sensitizing PPAR� agonist ameliorated the insulin resistance
and hypertriglyceridemia (20). This suggested that the hyper-
triglyceridemia was mostly a consequence of the insulin resist-
ance, consistent with the hypothesis described above. In their
early development, PPAR� agonists were believed to act pri-
marily by reducing insulin resistance in adipose tissue. How-
ever, it is now known that PPAR� agonists also have additional
direct effects on other tissues, including liver and skeletal mus-
cle (34, 35). Therefore, the possibility that treatment with
PPAR� agonists reduced hypertriglyceridemia first and that
insulin resistance was ameliorated as a consequence could not
be ruled out.
ApoAII levels are associated with plasma concentrations of

free fatty acids and triglycerides in humans, as well as with type
2 diabetes, atherosclerosis, and abdominal obesity (10, 36–39,
41–47). ApoAII is also involved in the hypertriglyceridemia of
familial combined hyperlipidemia (48), possibly as a target gene
of the transcription factor, USF-1 (49), which has been impli-
cated in the development of the familial combined hyperlipi-
demia phenotype (48, 50) and is known to regulate the expres-
sion of several genes involved in glucose and fatty acid
metabolism. Understanding the mechanisms through which
apoAII increases plasma triglycerides is thus relevant to the
understanding of several important human diseases.
In the present study we demonstrate that, although overpro-

duction of triglycerides by the liver contributes to the hyper-
triglyceridemia in the apoAIItg mice, the primary underlying
cause is a decrease in the rates of both VLDL and chylomicron
clearance. This decreased clearance does not appear to be due
to changes in lipase activity in the apoAIItg mice but rather to
the fact that elevated apoAII makes the lipoproteins a poorer
substrate for lipolytic activity. Administration of mouse apoAII
produced a rapid increase in plasmaVLDL triglyceride concen-
trations in vivo. This effect was consistent with in vitro experi-
ments where apoAII was transferred from HDL to VLDL,
which subsequently was a poorer substrate for hydrolysis by
lipoprotein lipase. We conclude that the effects of mouse
apoAII overexpression on hypertriglyceridemia appear to rep-
resent an acute response to increased plasma apoAII concen-
trations, as well as a chronic indirect effect that requires the
development of insulin resistance. Although the hypertriglyc-
eridemia and increased FFAmay contribute to the IR syndrome
in this model, our results suggest that factors other than the
increased plasma FFA and triglyceridesmay initiate the skeletal
muscle insulin resistance.

EXPERIMENTAL PROCEDURES

Animals—Transgenicmice containingmultiple copies of the
mouse apoAII gene on a C57BL/6J background, were produced
as described previously (5, 6). All animals were housed 3–4 to a
cage, maintained at 24 °C on a 12-h light-dark cycle, and pro-
vided Harlan-Teklad rodent chow (6% fat) and water ad libi-
tum. The care of the mice, as well as all procedures used in this
study,was done in accordancewithNIHanimal care guidelines.
ApoAIItg animals used in the present study were males
homozygous for the apoAII transgene, expressing plasma
apoAII concentrations that were on average 5-fold higher than
the age matched male C57BL/6J mice that were used as the
controls. The apoAII transgene was also bred onto an apoEko
background to investigate potential interactions of apoAII and
apoE in the development of hypertriglyceridemia.
Lipid Analyses—Plasma was collected from mice that were

fasted overnight and bled 2–3 h after the beginning of the light
cycle from the retro-orbital plexus under isoflorane anesthesia.
Total cholesterol, HDL cholesterol, triglycerides, and FFA con-
centrations were determined in triplicate as described previ-
ously (6, 51). HDL was isolated by precipitation of VLDL and
LDL with heparin and manganese chloride (51). An external
control sample with known analyte concentration was run in
each plate to ensure accuracy. The lipid composition of ultra-
centrifugally isolated VLDLs was also determined by the lipid
assays described above, as well as analysis of their phospholipid
content (phospholipid C kit #433-36201, Wako Chemicals,
Richmond, VA). Our laboratory participates in the Centers for
Disease Control Lipid Standardization program (Laboratory
ID# LSP-251), undergoing quarterly certification by the Cen-
ters for Disease Control.
In Vivo Rates of VLDL Secretion—Rates of in vivo VLDL

secretion were determined using tyloxapol (Triton WR-1339)
to inhibit VLDL clearance from the plasma, as described previ-
ously (52). Briefly, following an overnight fast a 15% solution of
tyloxapol in 0.9%NaClwas injected (100mg/kg bodywt) via the
tail vein. Immediately following administration of tyloxapol, a
50-�l blood sample was drawn from the retro-orbital plexus,
and subsequent plasma samples were obtained at the 30-min
and 1-h time points. Triglyceride concentrations were deter-
mined in plasma samples as described above.
Hepatic Fatty Acid Oxidation in Liver Sections—Following

an overnight fast, mice were anesthetized with isoflorane and
sacrificed by cervical dislocation. The left caudal lobe of the
liver was rapidly excised, and fresh liver sections of uniform
thickness (averaging �0.06 g) were obtained using a Stadie-
Riggs microtome. The liver sections were weighed and imme-
diately incubated at 37 °C for 40 min in Krebs-Henseleit buffer
under 95% O2:5% CO2, that contained 5.5 mM glucose, 3%
bovine serum albumin, 1 mM oleate, and [U-14C]palmitic acid
(2.5 �Ci/ml). The average time from sacrificing the animals to
getting the liver section into the buffer was�2min. Rates of FA
oxidation were assessed by determining 14CO2 trapped in hya-
mine hydroxide-saturated filter paper as described previously
(53).
Triglyceride Secretion from Liver Sections—Liver sections

were obtained and incubated essentially as described above for
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determining rates of fatty acid oxidation, except that media
were collected following a 2-h incubation period. Total lipids
were extracted using the method of Folch et al. (54). Following
extraction, the lipid classes were separated by TLC, and the
radioactivity in the triglyceride fraction was determined by liq-
uid scintillation spectrometry (55). Radioactivity in media trig-
lycerides represents VLDL secretion.
Hepatic Lipogenesis—Liver sections were obtained and incu-

bated essentially as described above, except that 3H2O (0.5
mCi/vessel) was used as the radioactive tracer and incubations
were carried out for 1 h (56). Media and tissue were then col-
lected and total lipids extracted as described above. Total lipid
isolates were then hydrolyzed in an acid/acetonitrile solution as
described previously, and the lipids were re-extracted and dried
under nitrogen (55). The sample was then separated by TLC
and radioactivity in the fatty acid fraction determined by liquid
scintillation spectrometry (55).
Acute Effects of ApoAII on VLDLs in Vivo—Apolipoproteins

AI andAIIwere isolated fromdelipidated apoAIItgmouseHDL
using a Sephacryl 200 column as described previously (57). The
HDL from the apoAIItg mice contained approximately equal
amounts of apoAI and apoAII, which eluted as two separate
peaks (57). The protein composition of the individual fractions
of apoAI and apoAII were determined by SDS-PAGE followed
by silver staining andWestern blotting. Fractions of apoAI and
apoAII, whichwere at least 96%purewere then dialyzed against
PBS containing dimyristoylphosphatidylcholine to aid in solu-
bility as the urea was removed. Following dialysis the protein
content of each preparation was determined. 4 mg of either the
apoAI or apoAII was then administered via tail vein injection to
C57BL/6J control mice that had been fasted overnight. Mice
were bled from the retro-orbital plexus under isoflorane anes-
thesia just prior to injection and at 4 h post-injection. Plasma
triglycerides, glucose, and insulin concentrations were then
determined. The remaining plasma samples for each respective
group (apoAI-injected and apoAII-injected) were then pooled,
the VLDL was isolated by ultracentrifugation, and the protein
content was determined by Western blot analysis as described
below.
Chylomicron/Retinyl Palmitate Clearance Studies—Mice

were fasted for 4 h, beginning at 5:00 a.m. Beginning at 9:00
a.m., 5000 IU of retinyl palmitate (all-trans) or vehicle alone
(corn oil) was administered by oral gavage (100 �l). A zero time
bleed was obtained from the retro-orbital plexus just prior to
administration of the retinyl palmitate, and subsequent bleeds
followed at 1, 2, 4, and 10 h post gavage. Plasma concentrations
of triglycerides were determined as described above. Plasma
levels of retinyl esters were measured by high-performance liq-
uid chromatography on a 250 � 4.6 mm Beckman Ultrasphere
C18 column (58, 59). Retinyl esters were separated in a mobile
phase consisting of acetonitrile:methanol:dichloromethane
(70:15:15, v/v) at a flow rate of 1.8 ml/min and detected by UV
absorbance at 325 nm. Retinyl acetate was used as an internal
standard. Retinyl ester standards were synthesized from
authentic all-trans-retinol and the corresponding fatty acyl
chloride (60). The reported plasma retinyl ester concentrations
represent the sum of individual retinyl ester concentrations
(retinyl linoleate, retinyl oleate, retinyl palmitate, and retinyl

stearate). All extraction and high-performance liquid chroma-
tography procedures were carried out under N2 and reduced
light to prevent oxidation of the compounds. Plasma samples
(25–200 �l) were denatured with an equal volume of absolute
ethanol containing known amounts of retinyl acetate and then
extracted into hexane. Following phase separation, the hexane
extract was evaporated under a stream of N2, and the residue
was resuspended in benzene for injection onto the high-perfor-
mance liquid chromatography column. The lower limit of
detection for retinyl esters was 2 ng/ml (61).
In Vitro Rates of VLDL Hydrolysis—VLDL (d � 1.0063) were

isolated from plasma of overnight fasted control and apoAIItg
mice by ultracentrifugation as described previously (3). The
VLDL were then washed and concentrated using a centri-
con-10 micro-concentrator, and VLDL total protein and trig-
lyceride concentrations were determined. VLDL at a final trig-
lyceride concentration of 90 mg/dl was then incubated with
isolated lipoprotein lipase (LPL) (Sigma bovine milk LPL) at a
final concentration of 24 �g/ml. Total volume in each reaction
was 50 �l, and 4 tubes for each time point were incubated at
37 °C for 20, 40, 60, 120, and 180 min. At the end of each incu-
bation period, the hydrolysis was stopped by adding 17�l of 8 M

urea to the reaction (2 M final urea concentration) and placing
the tube on ice. The fatty acid concentration in duplicate ali-
quots from each tube was then determined as described above.
The initial fatty acid concentration (0 time) was determined by
setting up the reaction and immediately adding the urea with-
out incubating at 37 °C.
Protein Determinations—Total protein content was assayed

in triplicate determinations using the Bio-RadDCprotein assay
(cat# 500-0116) with bovine serum albumin standards (Bio Rad
protein assay standard II, cat #500-0007).
In Vitro Effects of HDL on VLDL Hydrolysis—VLDL (d �

1.0063) and HDL (d � 1.063–1.21) were isolated from fasted
C57BL/6J and apoAIItg mice. Both types of VLDL were then
separately incubated with either PBS alone in a final volume of
500 �l, or with PBS containing HDL of the same strain, or HDL
of the alternate strain. The lipoprotein concentrations in the
incubations were 0.34mg of VLDL protein/ml (with or without
HDL) and 2.0 mg of HDL protein/ml. The lipoproteins were
incubated with gentle shaking at 37 °C for 1 h. After the incu-
bation period 400 �l of each incubate was applied to an fast-
protein liquid chromatography system, and theVLDL andHDL
fractions were re-isolated by gel filtration chromatography
using two Superose 6 columns connected in series. Fractions
21–25 containing the VLDL, and fractions 54–58 containing
theHDL,were pooled separately and concentrated using aCen-
tricon centrifugal concentrator with a molecular mass cutoff of
3.5 kDa (Ambion Inc.). Protein assays were performed, and the
recovery of VLDL protein in the sample that was not incubated
with HDL was �82%. The recovery of VLDL protein in the
sample that was incubated with HDL was 110%. These prelim-
inary protein recovery results suggest that the protein content
of theVLDL increased�30% after incubationwithHDL.West-
ern blot analysis was performed, as described below, to deter-
mine the content of specific apolipoproteins, apoAI, apoAII,
apoAIV, apoCI, apoCII, apoCIII, and apoE. Aliquots of the
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VLDL re-isolated after in vitro incubation with HDL were then
tested in the hydrolysis assay as described above.
Transfer of Apolipoproteins fromHDL to VLDL throughDial-

ysis Tubing—Ultracentrifugally isolated VLDL (d � 1.0063)
fromC57BL/6J control mice in PBS were placed in dialysis tub-
ing (50-kDa molecular mass cutoff) and dialyzed against either
PBS alone, or PBS containing ultracentrifugally isolated HDL
(d � 1.063–1.21) from apoAIItg mice. An additional control
was performedwith only PBS inside the dialysis tubing and PBS
with apoAII HDL on the outside. After incubation for 12 h with
gentle agitation on a rotary shaker at room temperature, the
contents of the dialysis tubing (VLDL dialyzed against PBS,
VLDL dialyzed against HDL, and PBS dialyzed against HDL)
were recovered, protein content was determined, and equal
amounts of VLDL protein were subjected toWestern blot anal-
ysis for apoAII and apoCII. No protein was detectable in the
PBS that was dialyzed against HDL, however, this sample was
still concentrated using an Amicon centrifugal concentrator
(molecular mass cutoff, 3.5 kDa) and also subjected toWestern
blot analysis.
Western Blot Analysis of Apolipoproteins—Relative amounts

of apolipoproteins apoAI, apoAII, apoAIV, apoCI, apoCII, apo-
CIII, apoE, and apoB in VLDL were determined by a combina-
tion of SDS-PAGE and immunoblotting. Sample loading was
normalized by loading the same amount of total protein in each
lane. Two sets ofmolecular weightmarkers were also applied to
each gel (Rainbow RPN800, GE Healthcare Bio-Sciences Corp,
Piscataway, NJ, and MagicMark XP, Invitrogen). The samples
were electrophoresed on 4–20% Tris/glycine polyacrylamide
gradient gels (Novex) under reducing, denaturing conditions.
Samples were diluted in sample buffer (10% 2-mercaptoethanol,
0.25 M Tris-HCl, pH 6.8, 0.2% SDS, 20% glycerol, and 0.025% bro-
mthymol blue), and 17�l of each sample preparation containing 4
�gof total proteinwas loaded. Following electrophoreses, thepro-
teinswere transferred to nitrocellulose using awet blotter, probed
with anti-mouse antibodies from Biodesign International
(Camarillo, CA) diluted 1:2000 in 5%milk-PBST (phosphate buff-
ered saline with Tween) and quantitated by chemiluminescent
detection (Amersham Biosciences).
Plasma Concentrations of TNF-� and MCP-1—Concentra-

tions of TNF-� andMCP-1were determined in plasmas of con-
trol and apoAIItg mice that had beenmaintained on a standard
low fat chow diet and that had been fasted overnight. Assays
were run in duplicate determinations using commercially avail-
able enzyme-linked immunosorbent assay kits for both TNF-�
and MCP-1 (Mouse TNF-� ���, catalog #45TNFMS-E01 and
mouse MCP-1 EIA, catalog #45-MCPMS-E01, Alpco Diagnos-
tics, Salem, NH).

RESULTS

Elevated ApoAII Expression Increases Triglyceride Secretion—
In earlier experimentswe observed that fasting glucose concen-
trations were increased 20–40% in themale apoAIItgmice and
that fasting insulin concentrationswere 3-fold higher than con-
trols (20, 21). Furthermore, other findings, such as a 2-fold
increase in hepatic glycogen, were consistent with the liver in
the apoAIItg mice responding normally to the chronically
increased plasma insulin and glucose concentrations (20, 21).

Therefore, it was likely that increased secretion of VLDL was
contributing to the hypertriglyceridemia in the apoAIItg mice.
In vivo rates of VLDL secretion were determined in fasted ani-
mals using tyloxapol (Triton wr-1339) to block lipolysis of trig-
lyceride-rich lipoproteins. Compared with control mice, VLDL
secretion was increased �20% in the apoAIItg mice (Fig. 1a).
Livers from control and apoAIItg mice that had been fasted
overnight had similar total wet weights (1.3 � 0.1 and 1.4 �
0.1 g for control and apoAIItg, respectively), as well as similar
concentrations of triglycerides (10.4 � 1.5 and 7.6 � 0.8 mg/g
liver) and total cholesterol (0.49 � 0.04 and 0.43 � 0.07 mg/g
liver).
Plasma fatty acid concentrations were significantly increased

in the apoAIItg mice compared with controls (5, 6, 20, 21). To

FIGURE 1. Rates of triglyceride secretion, hepatic fatty acid oxidation,
and lipogenesis. a, rates of in vivo triglyceride secretion were determined in
apoAIItg and control mice that had been fasted overnight. Triton WR-1339
(100 mg/kg body wt) was administered via the tail vein. The plasma triglycer-
ide concentrations were determined at the initial “0 time” bleed and at 30 min
and 1 h post injection. Triglyceride secretion was calculated as the increase in
total plasma triglyceride concentration over the 0 time values, which were 56�4
and 287 � 32 mg/dl for control and apoAIItg mice, respectively. Data represent
the mean � S.E. for eight animals in each group. *, values significantly different
(p � 0.05) than control mice. b, rates of triglyceride secretion were determined in
liver sections obtained from apoAIItg and control mice that had been fasted over-
night. The liver sections were weighed and immediately incubated for 2 h in
Krebs-Henseleit buffer that contained a bovine serum albumin/[U-14C]palmitic
acid (2.5 �Ci/ml) complex. Total lipids were extracted from the media and sepa-
rated into various lipid fractions by TLC. The radioactivity in the triglyceride frac-
tion was determined by liquid scintillation spectrometry. Data represent the
mean � S.E. for eight animals in each group. *, values significantly different
(p � 0.05) than control mice. c, oxidation of 14C-labeled palmitate to 14CO2
was determined in liver sections obtained from control and apoAIItg mice
that had been fasted overnight. Data represent the mean � S.E. for six ani-
mals in each group. *, values that are significantly different (p � 0.05) than
control mice. d, rates of lipogenesis were determined in liver sections
obtained from mice that had been fasted overnight. They were incubated for
1 h in Krebs-Henseleit bicarbonate buffer containing 3H2O (0.5 mCi/vessel) as
the radioactive tracer to label newly synthesized fatty acids. Total lipid extract
of tissue and media were then hydrolyzed, and the lipids were re-extracted
and dried under nitrogen. The sample was then separated by TLC, and radio-
activity in the fatty acids was determined by liquid scintillation spectrometry.
Data represent the mean � S.E. for six animals in each group. *, values that are
significantly different (p � 0.05) than control mice.

Acute and Chronic Effects of ApoAII Overexpression

11636 JOURNAL OF BIOLOGICAL CHEMISTRY VOLUME 283 • NUMBER 17 • APRIL 25, 2008

 at U
niversity of K

entucky on M
ay 8, 2008 

w
w

w
.jbc.org

D
ow

nloaded from
 

http://www.jbc.org


determine if this increased supply of fatty acids was responsible
for the increased triglyceride secretion, triglyceride secretion
rates alsowere determined in vitro using liver sections obtained
from animals that had been fasted overnight. Consistent with
the results obtained from the in vivo studies, even when sup-
plied with the same amount of exogenous fatty acids, hepatic
secretion of VLDL was increased �25% in liver sections
obtained from the apoAIItg mice (Fig. 1b).

The increase in triglyceride secretion could also result from
reduced oxidation of fatty acids, thereby directing the available
fatty acid supply into the pathways of esterification. To address
this possibility, rates of fatty acid oxidation to CO2 were deter-
mined in liver sections from animals that had been fasted over-
night. Rates of fatty acid oxidation were reduced �22% in liver
sections from the apoAIItg mice (Fig. 1c).
Increased rates of hepatic de novo fatty acid synthesis (lipo-

genesis) could also supply additional fatty acids for the
increased triglyceride secretion. Rates of lipogenesis were
determined in liver sections from animals that had been fasted
overnight. Comparedwith the controlmice, rates of lipogenesis
were increased �20% in liver sections from the apoAIItg mice
(Fig. 1d), consistent with both the decreased rates of oxidation
and increased secretion of triglycerides.
Elevated Plasma ApoAII Decreases Turnover and Lipolysis of

Triglyceride-rich Lipoproteins—The effects we observed in the
in vivo and in vitro experiments were consistent with a normal
response of liver to chronically elevated plasma insulin concen-
trations, with increased rates of lipogenesis, decreased rates of
fatty acid oxidation and increased triglyceride secretion (29–
33). However, because the plasma triglyceride concentrations
in the apoAIItg mice were elevated �5–10 fold compared with
the controlmice, it did not appear likely that a�25% increase in
triglyceride secretion would result in a severalfold increase in
plasma triglyceride concentrations. Therefore, we also deter-
mined in vivo clearance rates of chylomicrons following an oral
gavage of retinyl palmitate/corn oil. Comparedwith the control
mice, chylomicron clearance rates were significantly delayed in
the apoAIItg mice (Fig. 2), indicating that decreased clearance
was a major factor contributing to the hypertriglyceridemia.
To further examine whether the primary mechanism con-

tributing to the hypertriglyceridemia was a chronic effect of
apoAII overexpression we asked whether acutely increasing
apoAII by intravenous injection could alter plasma triglyceride
concentrations. When equal amounts of mouse apoAII or
mouse apoAI were injected into control mice and plasma lipids
determined 4 h later, those that received apoAII exhibited an
�3-fold increase in plasma triglycerides compared with mice
that received apoAI (Fig. 3a). Although triglyceride concentra-
tions were significantly increased by apoAII, no differences in
plasma FFA concentrations were observed after 4 h (44� 4 and
47 � 6mg/dl). These experiments were performed on two sep-
arate occasions with similar results. In the second series of
experiments we also determined plasma insulin and glucose
concentrations 4 h after administration of either apoAI or
apoAII as well as the changes in apoAI, apoAII, apoCII, and
apoCIII in the respective VLDL andHDL fractions.Within this
time frame no significant differences were observed in plasma
insulin (Fig. 3b) or glucose (Fig. 3c) concentrations between the

group that was injected with apoAII as compared with the
group that received apoAI. In the mice that were injected with
apoAII, both the HDL and VLDL fractions had increased
apoAII compared withmice injected with apoAI, with a greater
increase in the HDL fraction (Fig. 3d). ApoAII injection also
increased apoCII in VLDL, with a slight decrease in HDL.
ApoAII injection had no effect on apoCIII of either VLDL or
HDL compared with injection with apoAI. In the mice that
were injected with apoAI, both VLDL and HDL showed an
increase in apoAI, with the major increase in the HDL fraction
(Fig. 3d).
We previously demonstrated that the post-heparin plasma

activities of both hepatic lipase and lipoprotein lipase were not
significantly different in the apoAIItg mice (20, 21). To test
whether the triglycerides inVLDL from the apoAIItgmicewere
less available for hydrolysis by lipoprotein lipase, we deter-
mined rates of triglyceride hydrolysis from ultracentrifugally
isolatedVLDL in vitro by purified lipoprotein lipase. Hydrolysis
of VLDL from apoAIItg mice was significantly reduced com-
pared with hydrolysis of VLDL from control animals (Fig. 4a).
Western blot analysis demonstrated several differences
between control and apoAIItg VLDL (Fig. 4b). ApoAII was
present on VLDL from both groups, but the amount of apoAII
was elevated�4 fold onVLDL from the apoAIItgmice (Fig. 4b).
Significant differences in several other apolipoproteins were
also confirmed byWestern blot analysis. In addition to apoAII,
VLDL from the apoAIItgmice clearly had increased amounts of
apoCII, whereas the amount of apoAIV was significantly
reduced. Small amounts of apoAI were also detected in the
VLDLs with more in the control VLDL than apoAIItg VLDL.
Control VLDL also had slightly increased apoCI comparedwith
apoAIItg VLDL, whereas the amounts of apoCIII and apoE
were similar between both groups (Fig. 4b).
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FIGURE 2. Chylomicron clearance. Mice were fasted for 4 h, beginning at
5:00 a.m. Beginning at 9:00 a.m. retinyl palmitate/corn oil was administered
by oral gavage (150 �l per animal). A zero time bleed was obtained from the
retro-orbital plexus just prior to administration of the retinyl palmitate, and
subsequent bleeds followed at 1, 2, 4, and 10 h post gavage. Triglyceride
(upper panel) and total retinyl ester (lower panel) plasma concentrations were
then determined at each time point. Data represent the mean � S.E. for eight
animals in each group for the changes in triglycerides and retinyl esters from
the 0 time values. *, values that are significantly different than control mice.
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