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Abstract

Apolipoprotein M (apoM) is a novel apolipoprotein present mostly in high-density
lipoprotein (HDL) in human plasma. In the present study, we demonstrate that insulin,
insulin-like growth factor | (IGF-I), and IGF-I potential peptide (IGF-IPP) significantly
inhibits apoM expression, in a dose- and a time-dependent manner, in the human
hepatoma cell line, HepG2 cells. Insulin-induced down-regulation of apoM was blocked
by AG1024 (a specific insulin receptor inhibitor) and LY294002 (a phsophatidylinositol
3-kinase (PI3K) inhibitor), which indicates that it is mediated via the activation of PI3K
pathway. In contrast, PD98059 (a MAP kinase inhibitor) did not influence insulin-
induced down-regulation of apoM expression, and activation of neither PPAR-o agonist
(GW7647) nor PPAR-y agonist (GW1929) influences apoM expression in HepG2 cells,
which indicates that regulation of apoM expression is not related to the activation of
PPAR-a and PPAR-y in hepatic cells, whereas, both PPAR-a and PPAR-y agonists could
inhibit apoB expression. Moreover, in the present study we demonstrated that PPAR /5
agonist (GW501516) could inhibit both apoM and apoB expression in the HepG2 cells.
In conclusion, this study shows that apoM expression is regulated by P13-kinase in

HepG2-cells.

Key words:  Apolipoprotein M; Insulin; phsophatidylinositol 3-kinase and HepG2 cell

line; PPARs.



Introduction

Apolipoprotein M (apoM) is a recently discovered human apolipoprotein that is
associated mainly with high-density lipoprotein (HDL) in human plasma. It is also
present in triglyceride-rich lipoproteins (TGRLP) and low-density lipoprotein (LDL) [1,
2]. ApoM is mainly expressed in hepatocytes and in the tubular epithelial cells in kidney,
although small amounts are detected also in fetal liver and kidney [3, 4]. It was recently
demonstrated that apoM is important for pre-HDL formation and may have protective
effect on atherosclerosis [5]. Hence, mice with apoM deficiency showed impaired prep-
HDL formation and further overexpression of apoM in LDL-receptor knock-out mice
protected against atherosclerosis when fed a high cholesterol diet [5]. In our previous
studies we have demonstrated that the proportion of apoM in TGRLP increases in the
postprandial phase [1]. Moreover, we have demonstrated that leptin signaling is essential
for the apoM synthesis in vivo, because in the leptin deficient (ob/ob) mouse and leptin
receptor deficient (db/db) mouse apoM mRNA levels in liver and kidney and plasma
apoM concentrations were greatly reduced when compared to the normal mouse [6]. We
have also demonstrated that plasma apoM concentration is positively correlated to leptin
level in obese subjects [7]. In addition, apoM, like apoB, could be regulated by several
cytokines in a hepatic cell line, HepG2 cells [8-11]. However, the pathophysiological

importance of apoM in human is still unknown

To further understand the mechanism of apoM expression, we have investigated the

effects of insulin, insulin like growth factor | (IGF-1), and IGF-I potential peptide (IGF-



IPP) on the regulation of apoM expression in HepG2 cells. Furthermore we examined

possible pathways of inhibitory effects of insulin on apoM expression in the cells.



Material and methods

Materials

Insulin was purchased from Nova Nordisk (Bagsvaerd, Denmark). IGF-IPP was
purchased from Immunological and Biochemical Testsystems (Reutlingen, Germany).
IGF-I, PPAR-a agonist (GW7647), PPAR-y agonist (GW1929) and LY 294002 were
purchased from Sigma-Aldrich (St. Louis, MO, USA). PPAR-B/3 agonist (GW501516)
was purchased from Alexis Biochemicals, USA. AG1024 and PD98058 were obtained
from EMD Biosciences, Germany. The established hepatoblastoma cell line, HepG2, was
from American Type Culture Collection (Manassas, VA, USA). Six-well cell culture
clusters and 25-cm? vented cell culture flasks were purchased from Nunc. Cell culture
media were from the Invitrogen. Real-time RT-PCR reagents and control probe GAPDH
were purchased from the Applied Biosystems Inc., USA.

Cell cultures

HepG2 cells were cultured in 25-cm? vented flasks containing RPMI 1640 with 10% fetal
calf serum (FCS) in the presence of benzylpenicillin (100 U/ml) and streptomycin (100
ng/ml) under standard culture conditions (5% CO,, 37 °C). Cells were seeded in six-well
cell culture clusters, and were grown to 50-70% confluence. Prior to experiment, cells
were washed twice with phosphate buffered saline (PBS), and once with serum-free
RPMI 1640 without antibiotic. Experimental medium contained RPMI 1640 with 0.5%
human serum albumin (HSA) and one or more additives, i.e., insulin, IGF-1, IGF-IPP,
PPAR-a, PPAR-y, et al, at different concentrations added as described in the legend to
figures.

Isolation of total RNA from HepG2 cells and real-time RT-PCR analyses



Total RNA of HepG2 cells was isolated by the guanidinium thiocyanate method [12].
Primer Express software (Applied Biosystems) was used to design the human apoB and
apoM primers and probes used in the TagMan assay. The primers and probes are the
same as described previously [10]. A commercial GAPDH primer/probe set (Applied
Biosystems) was used in separate tubes as control for the input cDNA. Relative standard
curves for apoM and GAPDH were performed to compensate the efficiency of PCR. A
serial dilution of human apoM cDNA was used to generate a standard curve by plotting
the cycle threshold versus the log of input cDNA. The apoM and GAPDH standards were
linear input cDNA [10]. Quantification of apoB mRNA levels or apoM mRNA levels is
relative to GAPDH mRNA levels, and was performed on an ABI PRISM 7700 Sequence
Detector (Applied Biosystems), as described previously [10]. In brief, real-time RT-PCR
was performed in two steps. It was carried out in a 25-pl reaction mixture containing 1ul
TagMan Universal PCR Master Mix, 22.5 pmol of both forward and reverse primers, 5
pmol probes and 50 ng of the total RNA templates. Thermal cycling conditions included
the following steps: 25 °C 10 min, 48 °C 30 min and 95 °C 5 min to do reverse
transcription, and then the reaction mixture was preheated for 2 min at 50 °C and for 10
min at 95 °C to activate Taq polymerase. After that, a 40-cycle two-step PCR was
performed consisting of 15 s at 95 °C and 1 min at 60 °C. Samples were amplified
simultaneously in triplicates in one-assay run. Real-time RT-PCR of GAPDH was
performed according to the manufacturer’s instruction. The threshold cycle (CT) is
defined as the fractional cycle number at which the reporter fluorescence reaches a

certain level.



Statistics
Results are expressed as means + SD. Comparisons among groups were statistically
analyzed by the one-way ANOVA and followed by the unpaired Student’s t-test. A p

value less then 0.05 is considered as significant.



Results

Effects of insulin, IGF-I or IGF-IPP on apoM expression

As shown in figures 1-3, apoM mRNA levels were significantly suppressed by
administration of insulin, IGF-1 or IGF-IPP in a dose-dependent manner. At 0.1 pg /ml
insulin, apoM mRNA levels were decreased by 42% compared to controls, and at 10 pug
/ml insulin, apoM mRNA levels decreased by more than 60% (Fig. 1). The IGF-1 and
IGF-IPP induced inhibition of apoM expression were a litter weaker than that induced by
the insulin (Figs 2 and 3). Insulin induced down-regulation of apoM expression was also
time-dependent and reached a maximum after 24 hours of incubation (Fig. 4). In the
present study we also examined effects of insulin, IGF-1 and IFG-IPP on apoB expression
in HepG2 cells. Both insulin, IGF-I and IGF-IPP could significantly inhibit apoB
expression in the HepG2 cells too (data not shown), which agrees to the reports in

literatures [13-16].

Insulin induced inhibition of apoM expression is mediated via PI3K pathway

AG1024 (an insulin receptor inhibitor) would block insulin-induced inhibition of apoM
expression in HepG2 cells (Fig. 5). It is also demonstrated that LY294002 (a PI3K
inhibitor) could block the insulin-induced down-regulation of apoM expression in a dose
dependent manner (Fig. 6). However, down-regulation of apoM expression by insulin
could not be blocked by addition of PD98058 (50 uM) that is a MAP Kinase inhibitor

(data not shown).



Effects of PPAR-«, PPAR-yand PPAR-4/ & agonists on apoM and apoB expression in
HepG2 cells

There were no effects of activation of PPAR-a (GW7647) or PPAR-y (GW1929) on the
regulation of apoM expression in HepG2 cell cultures (Fig. 7), whereas apoB mRNA
levels were significantly decreased by the administration of GW7647 and GW1929. As
shown in the Fig. 8, PPAR-B/3 agonist (GW501516) cold inhibit both apoM and apoB

expressions in HepG2 cell cultures.



Discussions

In the present study we demonstrate that apoM expression is regulated by insulin and
IGF-I in HepG2 cells in a dose- and time-dependent manner and that inhibition of apoM
expression by insulin is mediated by the PI3K pathway. In contrast, MAP kinase pathway
did not affect ApoM expression. Furthermore we demonstrate that activation of PPAR-a
or PPAR-y does not influence apoM expression, whereas activation of PPAR-a and
PPAR-y inhibits apoB expression in the HepG2 cells. However, PPAR-B/3 against,

GW501516, could inhibit both apoM and apoB expression in Hepg?2 cell cultures.

ApoM is a 26-kDa protein that is mainly associated with HDL in human plasma, with a
small proportion present in TGRLP and LDL [1]. It has been demonstrated that apoM can
be regulated by several biological factors, such as TGF-, PAF and leptin [6, 9, 10].
Nevertheless, the exact mechanisms of apoM expression regulated by these factors are
still unknown. It has previously been reported that insulin or IGF-1 is a down-regulator of
apoB synthesis [13, 14, 16, 17], which is partly via the activation of PI3K pathway [18].
It has been recently reported that PPAR-[/3 agonist could increase the phosphorylation of
Akt [19]. In the present study we used PPAR-B/3 agonist (GW501516) to stimulate
HepG2 cells. It demonstrated that GW501516 could inhibit apoM expression, which
indicate that Akt may be also involved in the insulin-induced inhibition of apoM
expression in HepG2 cells. IGF-1 administration reduces insulin secretion, total
triglycerides and VLDL triglycerides, LDL cholesterol and lipoprotein (a) levels in
healthy and diabetic subjects [20-23]. Previous studies showed that apoB mRNA levels

could be slightly decreased (16% of controls) by administration of insulin [24], whereas
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insulin dramatically decreased apoB secretion in hepatic cells in vitro [13-16], which is
mainly related to the post-translation level [25, 26]. Our results indicate that insulin, IGF-
| and IGF-IPP down-regulate apoM expression in a dose- and time-dependent manner in
hepatic cells. In our previously study we reported that apoM expression was significantly
inhibited in the insulin resistance / hyperinsulinemia animal models (ob/ob mouse and
db/db mouse) [6]. The plasma insulin levels were 38 folds and 140 folds higher in ob/ob
mouse and db/db mouse respectively, compared to the normal mouse. After short-term
leptin treatment of ob/ob mouse, hepatic apoM expression and plasma apoM levels were
increased. At meanwhile, plasma insulin levels were significantly decreased. It is
indicated that insulin may partly function as the regulator of hepatic apoM expression in

Vivo too.

It has been well known that PPARSs regulate lipoprotein and apolipoproteins in vivo and
in vitro. Fibrates are widely used drugs those lower triglycerides and increase HDL
concentrations in serum. Fibrates could repress apoClII gene expression, an effect that
explains partially the triglyceride-lowering activity of these drugs [27], which is most
likely via the activation of PPAR-a. Fibrates could also increase hepatic apoA-I and
apoA-I1 expressions [28], and stimulate cellular fatty acid uptake, conversion to acyl-
CoA derivatives, and catabolism by the beta-oxidation pathways, which combined with a
reduction in fatty acid and triglyceride synthesis, results in a decrease in VLDL
production [29]. Exposure of HepG2 and Hep3B cells to gemfibrozil that is a PPAR-a
activator results in a 2-fold induction of apoAl mMRNA and a one-third reduction in apoB

MRNA, but had no significant effect on apoE mRNA levels [30]. Ciprofibrate treatment
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decreases hepatic apoB mRNA editing and alters the pattern of hepatic lipoprotein
secretion [31]. However, Linden et al., reported that PPAR-o agonist, WY 14643,
increased the secretion of apoB-100, but not that of apoB-48, and decreased triglyceride
biosynthesis and secretion from primary rat hepatocytes [32]. Recently, Anderson et al.
reported in a micro array study demonstrated that PPAR-a agonist could significantly
down-regulate hepatic apoM expression, but not apoB expression, in vivo [33]. In the
present study we demonstrate both PPAR-a and PPAR-y agonists down-regulated apoB
expression, but not apoM expression, in the HepG2 cells, which suggests that there is a
different regulations of apoB and apoM expression in the hepatic cells. Moreover, PPAR-
/5 against, GW501516, could inhibit both apoM and apoB expression in HepG2 cell

cultures. The detailed mechanism needs further investigation.
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Legend to figures:

Fig. 1. Real-time PT-PCR determination of apoM levels in control cells and in insulin
treated cells. HepG2 cells were grown in the culture medium with different
concentrations of insulin for 24 hrs. Each experimental group contains 6 replicates and
real-time RT-PCR was run in triplicate. Data are mean + S.D. The control group

represented 100%. *** P < 0.001 vs. control group.

Fig. 2. Real-time PT-PCR determination of apoM levels in control cells and in IGF-I
treated cells. HepG2 cells were grown in the culture medium with different
concentrations of IGF-I for 24 hrs. Each experimental group contains 6 replicates and
real-time RT-PCR was run in triplicate. Data are mean + S.D. The control group

represented 100%. * P < 0.05; *** P < 0.001 vs. control group.

Fig. 3. Real-time PT-PCR determination of apoM levels in control cells and in IGF-IPP
treated cells. HepG2 cells were grown in the culture medium with different
concentrations of IGF-IPP for 24 hrs. Each experimental group contains 6 replicates and
real-time RT-PCR was run in triplicate. Data are mean + S.D. The control group

represented 100%. ** P < 0.01 vs. control group.

Fig. 4. Time course of insulin on apoM expression. HepG2 cells were grown in the
culture medium with (10 ug/ml insulin) or without insulin (control). ApoM mRNA levels

were determined by real-time RT-PCR. Each experimental group contains three
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replicates and real-time RT-PCR was run triplicates. Control represented 100%. Data are

mean = S.D.

Fig. 5. Effect of AG1024 on insulin-induced inhibition of apoM expression. Cells were

incubated with 10 pg/ml insulin or without insulin (control) for 3 hrs and then add 10 uM
AG1024 for another 3 hrs. Each experimental group contains 3-6 replicates and real-time
RT-PCR was run in triplicate. Data are mean + S.D. The control group represented 100%.

* P < 0.05 vs. control group.

Fig. 6. Effect of LY294002 on insulin-induced inhibition of apoM expression. Cells were
incubated with 10 pg/ml insulin in present different concentrations of LY 294002 or
absent LY294002 (control) for 3 hrs. Each experimental group contains 6 replicates and
real-time RT-PCR was run in triplicate. Data are mean + S.D. The control group (with
insulin but without LY?294002) represented 100%. * P < 0.05; *** P < 0.001 vs. control

group.

Fig. 7. Effects of PPAR-« agonist (GW7647) or PPAR-yagonist (GW1929) on apoB and
apoM expression. HepG2 cells were grown in the culture medium with different amounts
of GW7647 or GW1929 for 24 hrs. ApoM mRNA levels were determined by real-time
RT-PCR. Each experimental group contains four to six replicates and real-time RT-PCR
was run triplicates. Control represented 100%. Data are mean + S.D. ** p< 0.01; *** p<

0.001, vs. control.
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Fig. 8. Effects of PPAR-4/6 agonist (GW501516) on apoB and apoM expression. HepG2
cells were grown in the culture medium with different amounts of GW501516 for 24 hrs.
ApoB and apoM mRNA levels were determined by real-time RT-PCR. Each
experimental group contains six replicates and real-time RT-PCR was run triplicates.

Control represented 100%. Data are mean + S.D. * p< 0.05; ** p< 0.01, vs. control.
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Fig. 2
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Fig. 3
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Fig. 4
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Fig. 5
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Fig. 6
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Fig. 7
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Fig. 8
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