Insulin Regulates Hepatic Apolipoprotein B Production Independent of the
Mass or Activity of Aktl/PKBa
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Insulin is known to be a downregulator of apolipoprotein B (apoB) via the phosphatidylinositol 3-kinase (PI3K) pathway. Akt,
also known as protein kinase B (PKB), is a serine/threonine kinase downstream target of PI3K. Recent studies in the
fructose-fed hamster model of insulin resistance have shown that hepatic very-low-density lipoprotein (VLDL) secretion is
associated with reduced phosphorylation of Akt, suggesting a potential link between Akt expression and/or activity and apoB
production in hepatocytes. We hypothesized that overexpression of Akt1 downregulates apoB production. An expression
vector with a constitutively active form of Akt1 was transfected in the rat hepatoma McArdle cells (McA RH-7777), McA cells
stably expressing human apoB-15 and apoB-48 (15% and 48% of total apoB length), and human hepatoma HepG2. The
overexpressed Akt1 was phosphorylated at Ser473 independent of acute insulin stimulation, suggesting that it was catalyt-
ically active. Despite dosage-dependent overexpression of Akt1 in both McA and HepG2 cells, neither intracellular nor
secreted protein mass of intact apoB or transfected human apoB-15/apoB-48 was significantly affected by high intracellular
levels of Akt1. Radiolabeling experiments also yielded no difference in the amount of newly synthesized apoB when
comparing transfected and mock-transfected cells. Transfection in conjunction with high-dose insulin did not significantly
decrease the secretion of either apoB-100 or apoB-48 in McA cells, or apoB-100 in HepG2 cells. HepG2 cells were more
sensitive to the inhibitory effects of insulin on apoB secretion compared to McA cells, but neither model responded to Akt1.
Overall, the data suggest that acute insulin-mediated inhibition of apoB may not be mediated by Akt1 and that insulin

signaling molecules upstream of Akt1 may be more important in mediating control of apoB secretion.

© 2004 Elsevier Inc. All rights reserved.

POLIPOPROTEIN B (apoB) is an essential component of

the highly atherogenic very-low-density lipoproteins
(VLDL) (reviewed in).* In fact, apoB and VLDL are assembled
in a 1:1 ratio,2 and therefore the amount of apoB is directly
correlated with the level of atherosclerotic particles in circula
tion. It has been well established that insulin is a key regulator
of apoB in various models,31° although the exact mechanism
remains unknown. It is believed that apoB is not regulated to a
large extent at the transcriptional level as the cellular levels of
apoB mRNA seemed unaffected by various stimuli including
insulin.811 Studies in rat hepatocytes first shed light on the
mechanism of insulin inhibition of apoB secretion. Using the
phosphatidylinositol 3-kinase (PI3K) inhibitor wortmannin, the
insulin effect on apoB secretion was abolished, suggesting that
insulin inhibits apoB secretion via the PI3K pathway.12 In
addition, insulinincreased PI3K activity associated with insulin
receptor substrate-1 (IRS-1) and significantly increased the
amount of PI3K present in endoplasmic reticulum (ER), the
location of apoB biogenesis.t3 Furthermore, brefeldin A, an
inhibitor of protein transport from ER to Golgi, inhibited apoB
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secretion, suggesting that the export of apoB from ER was
required in the insulin effect.12

Akt, aso known as protein kinase B (PKB), is a serine/
threonine kinase downstream target of PI3K.1415 This kinase
has multiple rolesin the cell, including the mediation of insulin
response and cell survival signalling.1® Three isoforms have
been identified thus far in the mammalian cells; Akt1,17.18
Akt2,1920 and Akt3.21.22 All three isoforms are expressed ubig-
uitously but differentialy in tissues and during developmental
stages.16 Activation pattern of the isoforms also differs depend-
ing on the tissue.23 At present, the biological significance of
these isoforms is unclear.

At the N-terminal region of Akt there is a pleckstrin homol-
ogy (PH) domain, which serves as a membrane-targeting mod-
ule.2* The PH domain has been shown to bind to phospholip-
ids, 2526 gpecifically phosphatidylinositol-3,4,5-trisphosphate
[PtdIn(3,4,5)P;]2” and phosphatidylinositol-3,4-bisphosphate
[PtdIn(3,4)P,].28-30 For Aktl, phosphorylation at 2 residues,
Thr308 and Ser473, must occur to activate the kinase.3! The
first step towards activation is the translocation of Akt to the
plasma membrane in a 3' phosphoinositide lipid-dependent
manner, such as that elicited by insulin-like growth factor-1
(IGF-1)24 or insulin.3233 The translocation to the plasma mem-
brane promotes Ser473 phosphorylation, which isin turn nec-
essary for PDK1-mediated phosphorylation of Thr308.34 The
necessity for translocation to occur has been exploited in con-
struction of a constitutively active Akt, which contains a src
myristoylation sequence directing the kinase to the plasma
membrane.32.35

Many studies support the ideathat Akt plays an essential role
in insulin signaling via the PI3K pathway. In 3T3-L1 adipo-
cytes, a constitutively active Akt could stimulate glucose up-
take and translocation of GLUT4.3235 Single-gene knockout
mice deficient in Akt2 are impaired in many aspects of insulin
signaling, exemplified by high blood glucose despite high se-
rum insulin, low glucose disposal, and decreased rate of glu-
cose uptake.36
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INSULIN REGULATES ApoB INDEPENDENT OF Akt1

In insulin resistance, a pathological state in which response
to physiological insulin levels is perturbed, there are apparent
defects in signaling including decreases in insulin receptor
mass and kinase activity, and in the amount and phosphoryla-
tion of IRS-1 and -2, PI3K activity, glucose transporter trans-
location, and the activity of intracellular enzymes.3” In the
fructose-fed hamster, an animal model of insulin resistance and
dydlipidemia, hepatic Akt phosphorylation for both Ser473 and
Thr308 was significantly reduced relative to controls upon
insulin stimulation, while the protein expression was increased
due to compensation.3® Reduced Akt phosphorylation in the
fructose-fed hamster hepatocytes was accompanied by a sig-
nificant increase in VLDL—-apoB secretion.3® Decreased Akt
activity has also been found in theinsulin-resistant C57BL/Kdl-
Lepr db/db mice3® and glucose-induced insulin resistance ap-
pears to be associated with defective Akt activation.4® How-
ever, fatty acid-induced insulin resistance does not seem to
affect Akt phosphorylation.4t

Given the evidence that Akt isimportant in insulin signaling
viathe PI3K pathway and that the regulation of apoB by insulin
is aso PI3K-dependent, it is feasible that Akt activation may
mediate the insulin modulation of apoB. As Aktl is the most
studied isoform, and evidence suggests that incubation of rat
hepatocytes with insulin activates primarily Aktl with very
small effects on Akt2 and no effect on Akt3,23 Aktl was chosen
as the isoform for the present study. Therefore, the primary
goa of this study was to overexpress a congtitutively active
Aktl and determine the effects on apoB production. We hy-
pothesized that overexpression of Aktl would downregulate
apoB synthesis and secretion in the rat hepatoma McArdle
(McA) RH-7777, as well as in human hepatoma HepG2 cells.

MATERIALS AND METHODS

McA RH-7777 and HepG2 cells were obtained from ATCC (Man-
assas, VA). Alphaminimal essential medium («MEM) and Dulbecco’s
modified Eagle's medium (DMEM) were purchased from Wisent
(Montreal, Canada). DMEM and «MEM without methionine, cysteine
or glutamine were bought from Sigma (Oakville, Canada). Certified
grade fetal bovine serum (FBS), G418 antibiotic, and Lipofectamine
reagent were supplied by Invitrogen Life Technologies (Burlington,
Canada). Bovine serum albumin, phenylmethyl sulfonyl fluoride
(PMSF), and trypsin (tissue culture grade) were from Sigma. Trasylol
(aprotinin) was acquired from Bayer (Etobicoke, Canada). [>°S]methi-
onine protein labeling mixtures were purchased from PerkinElmer Life
Sciences (Woodbridge, Canada). Prestained protein standards (rainbow
markers) and Amplify were from Amersham (Baie d’ Urfe, Canada).
All chemicals used for sodium dodecyl sulfate polyacrylamide gel
electropheresis (SDS-PAGE) were from BioRad (Mississauga, Can-
ada). Polyclonal apoB antibodies were obtained from Midland Bio-
Products (Boone, |A). Zysorbin was from Zymed Laboratories
(Markham, Canada). Rabbit anti-mouse Akt and rabbit anti-phospho-
serine 473 Akt were obtained from Cell Signaling Technology (Bev-
erly, MA). Goat anti-rabbit |gG—horse radish peroxidase (HRP) sec-
ondary antibody was purchased from Sigma. Polyvinylidene difluoride
(PVDF) membrane was obtained from PerkinElmer Life Science.

Cedll Culture

McA RH-7777 and stably transfected McA RH-7777 cells were
grown in culture flasks at 37°C, 5% CO, in DMEM supplemented with
20% FBS and 100 U penicillin and 100 U streptomycin. For the stably
transfected cells, 250 wg/mL of G418 was aso added to the media.
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Cells were passaged every 3 to 4 days. HepG2 cells were grown in
cultureflasks at 37°C, 5% CO, in «MEM supplemented with 10% FBS
and 100 U penicillin and 100 U streptomycin.

Transfection With Aktl Construct

For experiments involving the transfection of cells with the Aktl
construct, cells were seeded at a density of 5 X 10° per 35-mm well in
a 6-well plate the day before transfection. For each transfection, 1 to 4
g of plasmid DNA in 100 pL of media was mixed with 15 uL of
Lipofectamine reagent in 100 uL media and incubated for 30 minutes
at room temperature. During that time, the media for the cells were
changed to serum-free media. After the 30-minute incubation, the
mixture was added to the cells and incubated for 4 to 5 hours at 37°C.
The media was then changed back to serum-containing media with the
appropriate antibiotics and alowed to grow to 100% confluency (48
hours).

DSPAGE and Immunoblotting

For experiments involving insulin treatment, 100 nmol/L of insulin
was added directly into thewell and incubated for the designated period
of time. If blotting for proteins other than phospho-Ser473-Akt, cells
were lysed in cell solubilizing buffer (phosphate-buffered saline con-
taining 1% Nonidet P-40, 1% deoxycholate, 5 mmol/L EDTA, 1
mmol/L EGTA, 2 mmol/L PMSF, 10 pg/mL aprotinin). For phosphor-
ylated Akt, cells were lysed in specia solubilization buffer containing
a phosphatase inhibitor mixture (150 mmol/L NaCl, 10 mmol/L tris
[hydroxymethyl]aminomethane pH 7.4, 1 mmol/L EDTA, 1 mmol/L
EGTA, 2 mmol/L PMSF, 10 ug/mL aprotinin, 100 mmol/L sodium
fluoride, 10 mmol/L sodium pyrophosphate, and 2 mmol/L sodium
vanadate).

The mini-gels (8 X 5 cm) were composed of 4% stacking and 8%
resolving gels. Following electrophoresis, proteins were transferred
electrophoretically onto PVDF membranes using a BioRad Wet Trans-
fer System. The membranes were blocked with 5% fat-free dry milk
powder solution and then incubated with primary antibody. After
washing, the membranes were then incubated with a secondary anti-
body conjugated to peroxidase. After another round of washing, mem-
branes were incubated in an enhanced chemiluminescence (ECL) de-
tection reagent for 1 minutes and exposed to Kodak X-Omat Blue XB-1
film (Eastman Kodak, Rochester, NY). Films were developed and
quantitative analysis was performed using densitometry. Determination
of the molecular weight of electrophoretically separated proteins was
based on comparison with prestained markers of known molecular
weight.

Measurement of Aktl Activity

Akt phosphotransferase activity of McA cells stimulated with insulin
was measured using an immunopreci pitation kinase assay kit according
to manufacturer’s instructions (Upstate Biotechnology, Lake Placid,
NY). McA cells were incubated for 2 minutes in complete () DMEM
with and without added 100 nmol/L insulin prior to lysis in ice-cold
buffer containing 1 wmol/L microcystin to ensure complete inactiva-
tion of phosphatases. As a positive control, L6 myotubes were stimu-
lated for 2 minutes with 15 nmol/L IGF-1 prior to lysis. Aktl was
immunoprecipitated from each lysate by incubation with anti-Akt/
PKB, PH domain SKB1. This antibody recognizes the PH of Aktl and
shows 30% cross-reactivity to the PH domain of Akt2. In parallel
incubations, nonimmune mouse 1gG was used to assess nonspecific
binding. Active enzyme immunocomplexes were isolated by centrifu-
gation and washed extensively followed by incubation with Akt/SGK-
specific substrate peptide and [y-2Pladencsine triphosphate (ATP)
(3,000 Ci/mmol) for 10 minutes at 30°C with continuous shaking.
Reactions were terminated by addition of trichloroacetic acid (TCA;
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final 13.3% vol/val), and phosphorylated substrate present in the su-
pernatant was isolated by binding to phosphocellulose filters. After
extensive washing, filters were radioassayed by B-scintillation count-
ing. Nonspecific binding radioactivity was subtracted from each sample
and results were expressed as fold increase in label incorporation of
cells incubated with agonist versus no agonist.

Metabolic Labeling and Immunoprecipitation

For metabolic labeling and immunoprecipitation experiments, cells
were preincubated in methionine-free media at 37°C for 1 hour and
pulsed with 50 to 100 uCi/mL of [**S]methionine for 15 minutes to 1
hour. For experiments involving oleate treatment, the preincubation
media also contained 360 umol/L oleate: bovine serum albumin (BSA)
in 8:1 molar ratio. At various time points, the media were either
collected or discarded. The cells were then washed twice with PBS.
Chase media (20% FBS DMEM + 10 mmol/L methionine with 360
wmol/L oleate for McA cells or 10% FBS aMEM + 10 mmol/L
methionine for HepG2 cells) were added at this time for pulse-chase
experiments and incubated for 2 hours. The media were then collected
and cells were lysed in cell solubilization buffer (PBS containing 1%
Nonidet P-40, 1% deoxycholate, 5 mmol/L EDTA, 1 mmol/L EGTA,
2 mmol/L PMSF, 10 wg/mL aprotinin). The lysates were clarified by
centrifugation and supernatants were collected for immunoprecipita-
tion.

Immunoprecipitation was performed by adding 5 wL of antibody to
each sample and incubating overnight at 4°C. Zysorbin (50 ulL) was
then added to each sample and incubated for 1 hour. The pellets of
immunoprecipitates were washed 3 times with wash buffer (10 mmol/L
TRIS-HCI pH 7.4, 2 mmol/L EDTA, 0.1% SDS, 1% TritonX-100).
Finaly, the immunoprecipitates were prepared for SDS-PAGE by
resuspending and boiling in SDS-PAGE sample buffer. The gels were
composed of 4% stacking and 4.5% or 6% resolving gels. After
electrophoresis, the gels were fixed and incubated in Amplify before
being dried and exposed to Kodak X-Omat Blue XB-1 film at —80°C
for 2 to 72 hours. To determine the radioactivity associated with apoB
fragments, the corresponding bands were excised from the gel, di-
gested, and quantified by liquid scintillation counting.

RESULTS

Transfection of Aktl Construct in McA RH-7777 Resulted in
Dosage-Dependent Overexpression

To test our hypothesis that overexpression of Aktl can
regulate apoB expression, we first established the possibility of
introducing our Akt1 construct into McA RH-7777 cells by the
liposoma method. To assess the success of transfection, we
examined the level of Aktl expression in McA RH-7777 cells.
Because the Aktl insert in the plasmid was tagged with c-myc,
using an anti—c-myc antibody detected only the Aktl that was
produced as a result of the transfection. The empty vector
pUSEamp(+) was used for mock transfections. Transfection
with 0, 0.5, 1.0, or 2.0 ug of plasmid Aktl showed a dosage-
dependent expression of Aktl after 48 hours, as determined by
immunoblotting and densitometry (Fig 1). Relative to transfec-
tion with the empty vector for which no c-myc—containing
protein was detected, 2 ug of Aktl plasmid resulted in an
expression that was 14-fold higher over gel background. Cell
viability was not compromised at 2 ug of plasmid DNA as
there was no change in cell morphology or cell number.

Insulin Increased Aktl Activity in Wild-Type McA Cells

In wild-type McA cells, insulin stimulation resulted in a
12-fold (SD 6.4) increase in Aktl activity relative to unstimu-
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Fig 1. Transfection of Akt1 construct in McA RH-7777 resulted in
dosage-dependent overexpression. McA-RH7777 cells were trans-
fected with the c-myc Akt1 plasmid at the indicated concentration for
4 hours using Lipofectamine in DMEM, after which the media was
replaced by 20% FBS in DMEM + 250 png/mL G418. Cells were lysed
48 hours after transfection and subjected to 8% SDS-PAGE and
transferred onto a PVDF membrane. Primary antibody used was
mouse anti-c-myc (1:1,000). Secondary antibody used was goat anti-
mouse IgG-HRP. Mean + SEM values are from 3 independent exper-
iments in duplicates. *P < .05 compared to mock transfection.

lated cells, which is similar to the positive control of IGF-1—
stimulated L6 myotubes that achieved a 11.4-fold (SD 4.1)
increase in activity (data not shown). The assay was performed
in 3 independent experiments. This established that McA cells
were sensitive to insulin. Interestingly, Akt2 activity only in-
creased by 30% upon insulin stimulation (data not shown).

Overexpressed Aktl Was Phosphorylated at Ser473 in
Transfected McA Cells Independent of Acute Insulin
Simulation

Using an antibody that detected all isoforms of Akt, a band
with a higher than expected apparent weight (perhaps due to the
presence of the c-src sequence, the myc-tag, and/or the addition
of myristic acid) was observed with Aktl transfection. At 2 ug
of the Aktl construct, the protein level was increased by
approximately 12-fold over the endogenous level independent
of insulin stimulation (Fig 2A). Even though our Akt1 construct
was myristoylated, we needed to determine whether the ex-
pressed Aktl following the transfection was active. Using an
anti-phospho-Ser473-Akt antibody, the band with the higher
molecular weight was again observed in transfected cells. The
endogenous level of phospho-Ser473 Akt was too low to be
detected, but the level was 2-2.5 fold higher in the transfected
cells over gel background (P < .05) (Fig 2B). The addition of
100 nmol/L insulin for 10 minutes did not significantly increase
the phosphorylation in either the untransfected or transfected
cells (Fig 2B). Data were normalized to micrograms of total
protein in the sample.
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Fig 2. Overexpressed Akt1 is phosphorylated at Ser473 in trans-
fected cells independent of acute insulin stimulation. McA RH-7777
cells were transfected with the empty vector or the c-myc Akt1
plasmid (2 pg of DNA) for 4 hours using Lipofectamine; 48 hours after
transfection, 100 nmol/L insulin was added to cells for 10 minutes.
Cells were then lysed and subjected to 8% SDS-PAGE and transferred
onto a PVDF membrane. Primary antibodies used were rabbit anti-
Akt (1:1,000) and rabbit anti-phospho-Ser473 Akt (1:1,000), for graphs
on panels A and B, respectively. Secondary antibody used was goat
anti-rabbit IgG-HRP. Mean + SEM values are from 2 independent
experiments in triplicates. *P < .05 compared to cells with mock
transfection and without insulin treatment.
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Overexpression of Aktl in McA B15 and McA B48 Cells Did
Not Affect the Amount of Cellular or Secreted ApoB

Using MCARH-7777 cells that were stably expressing hu-
man apoB truncated fragments (McA B15 and McA B48,
which expressed 15% and 48% of the total apoB DNA length,
respectively), immunoblotting was performed to determine
whether the overexpression of Aktl affected the total amount
of human apoB constructs produced by the cells. Using the
mouse 1D1 antibody, which is specific to N-terminal region of
human apoB but not rat apoB, no differences in the level of
cellular or secreted apoB-15 (data not shown) or apoB-48 were
detected despite dosage-dependent expression of activated
Akt 48 hours after transfection (Fig 3). Data were normalized
to total cellular protein in each sample.

Overexpression of Aktl in McA B15 and McA B48 Cells Did
Not Affect the Amount of Newly Synthesized ApoB

Although the immunaoblot could detect the total mass of the
expressed apoB protein, it could not directly measure the syn-
thesis and secretion of newly synthesized apoB. Insignificant
differences in the total mass of apoB may mask small but
significant changes in synthesis and/or degradation. Therefore
metabolic labeling was performed to determine the status of
newly synthesized apoB fragments in the cell and in the media.
Lysates of McA B15 or McA B48 cells and their media were
immunoprecipitated with goat anti-human apoB antibody after
pulsing for 1 hour with 50 wCi/mL [**S]methionine. No dif-
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ferences in the level of cellular or secreted apoB-15 (data not
shown) or apoB-48 were detected despite dosage-dependent
expression of activated Akt1 48 hours after transfection (Fig 4).
Data were normalized to total radiolabeled protein determined
by TCA precipitation.

Overexpression of Activated Aktl in McA Cells With
Overnight Insulin Treatment Did Not Affect ApoB Levels

It is known that the synthesis of apoB-100 requires approx-
imately 14 minutes.42 As such, short-term (10-minute) insulin
treatment may not be long enough to affect apoB expression
and therefore overnight treatment was attempted. Metabolic
labeling was performed to compare the status of newly synthe-
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Fig 3. Overexpression of Akt1in McA B48 cells does not affect the
protein mass of cellular or secreted apoB in the absence of insulin.
McA B48 cells were transfected with the empty vector or the c-myc
Akt1 plasmid at the indicated concentration for 4 hours using Lipo-
fectamine. Cells were lysed 48 hours after transfection and subjected
to 6% SDS-PAGE, and transferred onto a PVDF membrane. Primary
antibody was mouse 1D1 for apoB. Secondary antibody used was
goat anti-mouse IgG-HRP. (A) Cellular human apoB-48. (B) secreted
human apoB-48. Mean + SEM values are from 4 independent exper-
iments in duplicates.
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Fig 4. Overexpression of Akt1 in McA B48 cells does not signifi-
cantly affect the amount of newly synthesized apoB in the absence of
insulin. McA B48 cells were transfected with the empty vector or the
c-myc Akt1 plasmid at the indicated concentration for 4 hours using
Lipofectamine; 48 hours after transfection, cells were placed in media
lacking methionine and cysteine for 1 hour. Cells were then pulsed
with 50 uCi/mL [3°S]methionine for 1 hour, after which both the
media and cells were harvested. Goat anti-human apoB antibody
was added to each sample and rotated overnight. Samples were
immunoprecipitated for 1 hour. After washing, samples were sub-
jected to 8% SDS-PAGE and autoradiography. Bands were quantified
by liquid scintillation counting. (A) ApoB-48 in cells; (B) apoB-48 in
media. Mean = SEM values are from 3 independent experiments in
triplicates.

sized apoB with or without Aktl transfection and with or
without insulin treatment (Fig 5). Overnight high-dose insulin
treatment (100 nmol/L) alone decreased the secretion of both
apoB-100 and apoB-48 by approximately 15% and 25%, re-
spectively; however, neither of these reached statistical signif-
icance. For apoB-100, all combinations of treatments yielded
approximately the same amount apoB (Fig 5A). There was a
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trend towards a decrease in secretion of apoB-48 in McA
RH-7777 (P = .06) with the combined insulin/Akt1 treatment;
however, this may be due to the insulin effect alone (Fig 5B).

Overexpression of Activated Aktl in HepG2 With Overnight
Insulin Treatment Did Not Affect ApoB Levels

After having observed that the level of secreted apoB was
not significantly decreased with high-dose insulin in McA
RH-7777 cells, we performed a similar metabolic labeling
experiment in HepG2 cells, as apoB secretion in thiscell lineis
known to respond to insulin treatment. Overnight high-dose
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Fig 5. ApoB-100 and apoB-48 secretion by McA RH-7777 trans-
fected with Akt1 and treated overnight with high insulin levels. McA
RH-7777 cells were transfected with the empty vector or the c-myc
Akt1 plasmid (2 ug of DNA) for 4 hours using Lipofectamine. After 24
hours, cells were incubated with 100 nmol/L insulin overnight. The
next day, cells were placed in 20% FBS DMEM lacking methionine
and cysteine supplemented with 360 umol/L oleate for 1 hour. Cells
were then pulsed with 50 uCi/mL [3**S]methionine for 30 minutes and
chased with 10 mmol/L cold methionine for 2 hours, after which both
the media and cells were harvested. Rabbit anti-rat apoB antibody
was added to each sample and rotated overnight. Samples were
immunoprecipitated for 1 hour. After washing, samples were sub-
jected to 5.5% SDS-PAGE and autoradiography. Bands were quanti-
fied by liquid scintillation counting. (A) ApoB-100 in media; (B)
apoB-48 in media. Mean = SEM values are from 3 independent
experiments in triplicates.
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insulin treatment (100 nmol/L) alone significantly decreased
the secretion of apoB-100 by approximately 41% (P < .0001)
(Fig 6). Aktl transfection alone did not decrease the secretion
of apoB-100, but in fact appeared to increase apoB secretion by
about 40% but failed to reach statistical significance (P = .09).
However, dual treatment with insulin and Akt1 decreased apoB
by approximately 25% relative to untransfected and non-insu-
lin-treated cells (P = .02). When comparing +Aktl/—insulin
to +Aktl/+insulin, there was a 48% decrease in apoB secre-
tionin Aktl-overexpressing cells treated with insulin. In agree-
ment with results in rat hepatoma cells, the overexpression of
Aktl did not seem to attenuate the secretion of apoB-100 in
HepG2 cells.

DISCUSSION

In the present study, we tested the hypothesis that overex-
pression of Aktl can regulate apoB expression. We first estab-
lished that it was possible to transfect McA RH-7777 cells, arat
hepatoma cell line frequently used in apoB studies, with our
Aktl construct and achieve dosage-dependent overexpression.
Despite overexpression of Aktl in McA B15 and McA B48
cells, total cellular apoB or secreted apoB was not affected as
determined by immunoblotting. Similarly, the amount of newly
synthesized apoB was also unchanged with Aktl overexpres-
sion. Wild-type McA cells were found to be responsive to
insulin, as shown by a significant increase in Aktl activity.
Using an antibody specific for a phosphorylated Ser residue at
position 473, we demonstrated that the overexpressed Aktl was
phosphorylated, implying that the kinase was active. In fact, it
is likely that the activity was already at a maximal level since
acute, high-dose insulin stimulation did not further increase
phosphorylation. Overnight high-dose insulin treatment alone
did not significantly decrease the secretion of either apoB-100
or apoB-48. No change was detected in the amount of secreted
apoB-100 despite different combinations of insulin and/or Aktl
treatments. However, there was a trend towards a decrease in
apoB-48 secretion in McA RH-7777 with combined insulin/
Aktl treatment, but this could be attributed to the insulin
inhibition of apoB alone. These findings suggest that overex-
pression of Aktl in McA RH-7777 cells does not affect apoB
synthesis or secretion. Transfection was also performed in
HepG2 cellswith similar results, supporting the observationsin
McA cdlls.

In wild-type McA cells, Aktl activity was significantly in-
creased upon insulin stimulation, demonstrating that this cell
line was sensitive to insulin stimulation and that the pathway
leading to Akt was intact. The use of a constitutively active Akt
has proven to be useful in determining its function.3235 How-
ever, in any overexpression experiment, there is the question of
whether the overexpressed protein is active. For Aktl, phos-
phorylation at Thr308 and Ser473 is required for activation.3!
We detected high levels of phosphorylated Aktl in transfected
cells using an antibody specific for phosphorylated serine res-
idue at position 473. The presence of protein bands with higher
than expected molecular weight is probably indicative of the
added length due to the c-src sequence, the myc-tag, and/or
myristoylated status of the kinase. The functionality of the
overexpressed Aktl was assumed due to its phosphorylation
status.
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Fig 6. Overexpression of activated Akt in HepG2 with overnight
insulin treatment did not affect apoB levels. HepG2 cells were trans-
fected with the empty vector or the c-myc Akt1 plasmid (4 ng of
DNA) for 4 hours using Lipofectamine. After 24 hours, cells were
incubated with 100 nmol/L insulin overnight. The next day, cells
were placed in «/MEM lacking methionine and cysteine for 1 hour.
Cells were then pulsed with 50 uCi/mL [3°*S]methionine for 15 min-
utes and chased with 10 mmol/L cold methionine for 2 hours, after
which both the media and cells were harvested. Goat anti-human
apoB antibody was added to each sample and rotated overnight.
Samples were immunoprecipitated for 1 hour. After washing, sam-
ples were subjected to 6% SDS-PAGE and autoradiography. Bands
were quantified by liquid scintillation counting. Mean = SEM values
are from 2 independent experiments in triplicates. * P < .05 compared
to conditions without insulin treatment.

We aso found that overexpression of Aktlin McA B15 and
McA B48 cells did not affect the total amount of cellular or
secreted apoB, nor did it affect the amount of newly synthe-
sized apoB. With cellular apoB, our observations are not sur-
prising since insulin itself does not seem to affect the intracel-
lular pool of apoB.” However, it was expected that secreted
apoB would be affected given the ample support for insulin
inhibition of apoB secretion in various systems.3-10 One expla-
nation is that apoB secretion in McA RH-7777 cells may be
less sensitive to insulin than other cell types.#3 To eliminate this
possibility, another system, the human hepatoma HepG2, was
used to confirm our results. In agreement with our datain McA
cells, despite sensitivity of apoB secretion to insulin-mediated
inhibition, Aktl overexpression still did not decrease apoB
secretion in HepG2. In fact, a curious trend was observed in
which Aktl appeared to increase apoB secretion when com-
paring transfected versus untransfected cells (Aktl v no Aktl or
Aktl with insulin v insulin alone), even though this did not
reach statistical significance (Fig 6). One possible explanation
is that Akt has been suggested to inhibit Raf-1 of the mitogen-
activated protein kinase (MAPK) pathway via cross-talk.44
Preliminary results from MAPK pathway inhibition studies
using chemical inhibitors from our group suggest that inhibi-
tion of MAP and ERK kinase (MEK) may affect apoB secre-
tion in HepG2 cells (unpublished data).

The lack of inhibition of apoB by Aktl can aso be an
indication that the insulin effect occurs upstream of Akt and
only involves parts of the insulin cascade, perhaps only to the
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point of PI3K. Consistent with this explanation, insulin regu-
lation of apoB was found to be dependent on the activation and
the number of insulin receptors.# Inhibition of PI3K with wort-
mannin abolished the insulin effect on apoB secretion, suggest-
ing that PI3K isinvolved.12 In addition, insulin increased PI3K
activity associated with IRS-1 and increased the amount of
PI3K present in the ER.13 On the other hand, cellular Akt is
mostly found in the cytoplasm (or plasma membrane when
activated), and therefore may not beinvolved in the PI3K effect
on apoB in the ER.

Another explanation for the current findings is the specific
isoform of Akt used in the study. Mice deficient in Akt2
displayed many diabetes-like symptoms,3¢ while Aktl knock-
outs showed impaired growth with intact glucose homeosta-
sis45 These knockout experiments seem to suggest that Akt
isoforms have unique roles; however, one should keep in mind
that the distribution of isoforms are also different. Although
both Aktl and Akt2 are present in the liver, Akt2 is the
predominate isoformsin insulin-responsive tissues.#5 Therefore
one cannot rule out the involvement of Aktl in insulin signal-
ing, but perhaps Aktl activation aone is insufficient. Also,
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stimulation of rat hepatocytes with insulin induced the activa
tion of Aktl and Akt2 with similar kinetics.2346 Therefore, it is
likely that Aktl may have overlapping function with Akt2
when overexpressed in hepatocytes.

An aternative reason for the inability of Aktl to downregu-
late apoB could be that PI3K is not acting via the insulin
signaling pathway in the inhibition of apoB. The lipid product
of PI3K, phosphoinositol-3,4,5-trisphosphate (PIP;), can re-
cruit other families of PH-containing signaling proteins in
addition to protein serine-threonine kinases, including protein
tyrosine kinases (Tec family), exchange factors for guanosine
triphosphate (GTP)-binding proteins (Grpl and Rac exchange
factors), and adaptor proteins (GAB-1).47 Therefore, it is fea-
sible that other pathways may be involved.

In conclusion, we found that overexpression of active Aktl
aone did not significantly affect the total or newly synthesized
levels of both cellular and secreted apoB in McA RH-7777 and
in HepG2 cells. This may be an indication that even though
insulin modulation of apoB involves PI3K, molecules upstream
of Akt or in parallel pathways may be more important in the
insulin-mediated inhibition of apoB secretion.
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