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Abstract: Previously we showed that fatty liver formation in overfed geese was accompanied by PI3K-Akt-mTOR pathway
activation and changes in plasma glucose concentrations. Here, we show that glucose acts in goose hepatocellular lipid
metabolism through the PI3K-Akt-mTOR signaling pathway. We observed that glucose increased lipogenesis, decreased
fatty acid oxidation and increased very low density lipoprotein triglyceride (VLDL-TG) assembly and secretion. Co-treatment with glucose and inhibitors of the PI3K-Akt-mTOR pathway (LY294002, rapamycin, NVP-BEZ235) decreased the
levels of factors involved in lipogenesis and increased the levels of factors involved in fatty acid oxidation and VLDL-TG
assembly and secretion. These findings show that inhibition of the PI3K-Akt-mTOR pathway decreased glucose-induced
lipogenesis, inhibited the downregulation of fatty acid oxidation by glucose and increased the upregulation of VLDL-TG
assembly and secretion by glucose. The results presented herein provide further support for the role of the PI3K-Akt-mTOR
pathway in lipid metabolism as we showed that in goose primary hepatocytes, glucose acts through the PI3K-Akt-mTORdependent pathway to stimulate lipid deposition by increasing lipogenesis and decreasing fatty acid oxidation and VLDLTG assembly and secretion.
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INTRODUCTION
Glucose is an important energy source for liver metabolism. Normal glucose transport and metabolism are
among the key factors that maintain the normal physiological function of liver cells. Glucose can increase
lipid droplets by inducing the expression of lipogenic
genes [1] and decreasing mRNA expression levels of
the genes involved in mitochondrial fatty acid oxidation [2]. The PI3K-Akt-mTOR (phosphatidylinositol-3
kinase/protein kinase-B/mammalian target of rapamycin) pathway has been linked to an extraordinarily
diverse group of cellular functions via the regulation
of cell proliferation [3], survival and intracellular trafficking [4]. The PI3K-Akt signal transduction pathway
mediates lipogenesis in human kidney cells (HKC)
treated with high glucose, and the blockade of the
PI3K-Akt pathway prevents the activation of the fatty
acid synthesis pathway through SREBP-1 and FAS expression [5]. The PI3K-Akt signaling pathways are
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activated in the glomeruli of diabetic rats and in mesangial cells cultured under high glucose concentrations [6,7]. Although some researchers have reported
a relationship between lipogenesis and activation of
the PI3K-Akt pathway [8,9], it is unclear whether the
PI3K-Akt-mTOR pathway plays a role in glucoseinduced lipid deposition.
Unlike human fatty liver, waterfowl liver can exhibit nonpathological hepatic steatosis, with the functional integrity of hepatocytes remaining intact. In our
previous study, overfeeding was accompanied by lipid
deposition in the liver, a change in blood glucose concentration [10] and activation of the PI3K-Akt-mTOR
signaling pathway [11]. We speculated that the PI3KAkt-mTOR pathway mediates glucose-induced lipid
deposition. Therefore, in this study, goose primary
hepatocytes were treated with glucose and inhibitors
of the PI3K-Akt-mTOR pathway, alone or together,
to detect changes in lipogenesis, fatty acid oxidation
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and VLDL assembly and secretion to ascertain the role
of the PI3K-Akt-mTOR pathway in glucose-induced
lipid deposition.
MATERIALS AND METHODS
Primary hepatocyte isolation and culture
Hepatocytes were isolated from three 30-day-old
Tianfu meat geese that were obtained from the Experimental Farm for Waterfowl Breeding at Sichuan
Agricultural University, using a modification of the
“two-step procedure” described by Seglen [12]. The
culture medium is the same as that in our previous
paper [8]. Cultures were incubated at 40ºC in a humidified atmosphere containing 5% CO2; the medium
was renewed after 3 h, and after 24 h it was replaced
with serum-free media. After an additional 24 h, the
cells were separately treated with serum-free media
supplemented with 0, 5 and 35 mmol/L of glucose
and incubated for 24 h. The control cells were cultured
with serum-free media for 24 h. Some cells were treated with serum-free media supplemented with PI3KAkt-mTOR pathway inhibitors (20 μmol/L LY294002,
30 nmol/L rapamycin, and 1 μmol/L NVP-BEZ235,
respectively) for 24 h, followed by the addition of 5
mmol/L glucose or 35 mmol/L glucose and incubation
for an additional 24 h. The cell treatment is explained
in Table 1. After the incubation, the culture media and
cells were cooled on ice and collected. In each case,
the experiments were repeated three times.

Table 1. Introduction of cell treatment.
Treatment
1
2
3
4
5
6
7
8
9
10
11
12

Glucose LY294002 Rapamycin NVP-BEZ235
(mmol/L) (μmol/L) (nmol/L)
(μmol/L)
0
0
0
0
0
20
0
0
0
0
30
0
0
0
0
1
5
0
0
0
5
20
0
0
5
0
30
0
5
0
0
1
35
0
0
0
35
0
0
0
35
20
0
0
35
0
30
0

Measurement of intracellular and extracellular
TG concentrations
The culture media were collected for measuring extracellular TG concentrations. In order to measure intracellular TG concentrations, cell samples were collected
and shaken for 1 h using an ultrasonic processor and
then a 0.5-ml isovolumic mixture of chloroform and
methanol (2/1, v/v) was directly added. The TG levels
were quantified using a triglyceride GPO-POD assay
kit (Biosinc, China) by a colorimetric method as described by Fossati et al. [13].
Measurement of extracellular VLDL concentration
The supernatant was obtained after the culture media
samples were collected and centrifuged for 20 min
at 1000×g. The extracellular VLDL concentration in
the supernatant was measured using a chicken VLDL
ELISA kit (GBD, USA). As described in the manufacturer’s instructions for use, the microtiter plate provided in this kit had been precoated with an antibody
specific to VLDL. After the enzyme-substrate reaction
was terminated, the color change was measured spectrophotometrically at 450 nm. The concentration of
VLDL in the samples was determined by comparing
the optical density (OD) value of the samples to the
standard curve.
Oil Red O staining
Hepatocytes were stained with Oil Red O to examine
the amount of lipid accumulation in the cells. The
hepatocytes (4×104 cells/well) were cultured on fourwell culture slides, fixed in formalin, and stained [14].
The wells were ﬁxed with Baker’s formalin for 15 min,
rinsed with distilled water, equilibrated in 100% propylene glycol for 2 min, and then stained with Oil Red
O for 10 min; free Oil Red O was removed after 60%
propylene glycol (vol/vol) was added to the wells for
1 min. The Oil Red O was extracted with the addition
of isopropanol, and Oil Red O was determined in aliquots from wells after shaking the culture plates for 30
min at room temperature. Then, cells were examined
by phase contrast microscopy at 200x magnification.
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Oil Red O extraction

Isolation of total RNA and real-time RT-PCR

The steps for Oil Red O extraction were similar to those
described above for Oil Red O staining using a method
described previously [15]. After the cells were stained
with 1% filtered Oil Red O, the Oil Red O solution was
removed and the cells did not need to be washed. Intracellular triglyceride levels in the cells were agitatedly
extracted with 100% isopropanol solution of 2 mL for
15 min in a shaker. Finally, a hole with DMSO was
used to adjust zero, and the OD value of each hole was
monitored by a spectrophotometer at 510 nm.

Total RNA was isolated from cultured cells using
TRIzol (Invitrogen, USA) and reverse-transcribed using the Primer Script TM RT system kit for real-time
PCR (TaKaRa, Japan) according to the manufacturer’s
instructions. The quantitative real-time PCR was performed on the Cycler system (one cycle of 95°C for 10
s, followed by 40 cycles of 95°C for 5 s and 60°C for 40
s). An 80-cycle melt curve was performed, starting at
55°C and increasing by 0.5°C every 10 s, to determine
primer specificity. Specific primers were designed according to the goose gene sequences listed in Table 2.
PCR products were diluted 16-fold and used to generate the calibration curve and the amplification rate (R)
for each gene. For each experimental sample, a normalized target gene level (Exp) corresponding to the
target gene expression level relative to β-actin, 18S and
UBC (housekeeping genes) expression levels, was determined by the 2-ΔΔCt method as previously described
[16]. The final results were calculated by extracting
the cube root of the three relative mRNA expression
levels of each gene relative to β-actin, 18S and UBC.
The results for each individual were repeated three
times and averaged.

Measurement of the protein content in culture cells
The protein content was determined with ELISA kits
according to the manufacturer’s instructions (MyBioSource, Inc., USA). The microtiter plates provided in
all kits were precoated with an antibody specific to
the responding protein. The enzyme-substrate reaction was terminated by the addition of a sulfuric acid
solution, and the absorbance at 450 nm was read using
a plate reader. The protein content in the samples was
calculated from polynomial second order or exponential standard curves obtained from the standards
included in each assay.
Table 2. Primer sequences for real-time PCR.
Gene Name
PI3K
Akt1
mTOR
S6K
4EBP1
Rptor
Akt2
SREBP-1
FAS
ACCα
PPARα
MTTP
FoxO1
CPT1
ACOX1
apoB
PPARγ
LXRα
ChREBP
β-actin
UBC
18S

Upstream (5ʹ-3ʹ)
ACCCAAGCGAGGATGAGG
TGCTGGATAAAGATGGAC
TCATTTGTTACTACCTCCCA
CTCAACTTGCCTCCCTAC
CCACCTTCTGACCTTCCG
GAAAGGCAAATATCAACCG
GCGATGCTCCATCACCTCC
CGAGTACATCCGCTTCCTGC
TGGGAGTAACACTGATGGC
TGCCTCCGAGAACCCTAA
ATCTATCCCTGGCTTCTCCA
CCCGATGAAGGAGAGGAA
CATCCCTTCAGTCTGGTCAA
GTCTCCAAGGCTCCGACAA
ACAGAAAGAGCAAGGAGGAT
CTCAAGCCAACGAAGAAG
CCTCCTTCCCCACCCTATT
CCCAGCCCTTCCCACAAACT
AAGAAGCGGCTCCGAAAG
CAACGAGCGGTTCAGGTGT
AGGGTGGATTCTTTCTGG
TTGGTGGAGCGATTTGTC

Downstream (5ʹ-3ʹ)
TGTTGCCCGTGTTGAATG
CTGGTTGTAGAAAGGGAG
TTTCTAGAGCAGCTTTGCGAGCCAC
AACTTCTCCAGCATCTCC
CATTCGCTTTCTCATCGTAG
CAGCCATCACAGACACCA
CGCCTGCCCTTCTACAACC
TGAGGGACTTGCTCTTCTGC
TCCAGGCTTGATACCACA
AAGACCACTGCCACTCCA
AGCATCCCATCCTTGTTCATT
AAAATGTAACTGGCCTGAGT
GAAAGGCTGGGTAAAGTAG
GAAGACCCGAATGAAAGTA
GCACGAGGTCAACAGAAGT
AAGCAAGTCAAGGCAAAA
CTTGTCCCCACACACACGA
CTGCCTCGCTTCACGGTTATTAG
TGGTGGGTGCTGGGTGT
TGGAGTTGAAGGTGGTCTCG
ACTGAGTTTGGAGGGAGC
ATCTCGGGTGGCTGAACG

Product size (bp)
241
215
93
111
103
223
183
92
109
163
117
85
265
193
51
153
108
156
236
92
243
129

Accession number
KF011500
KF011501
KC424580
KC424581
KF011497
KF011498
KF857233
EU333990
EU770327
EF990142
AF481797
GO240734
GW342986
GW342945
KC424582
GW342984
AF481798.1
HM138512
GW342987.1
M26111.1
GO240773.1
L21170.1
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Western blotting
Hepatocytes were washed twice and collected in icecold PBS. Total protein extracts were obtained using a
reducing SDS buffer. Protein concentrations were determined on diluted samples using the Bradford procedure. Equal amounts of protein (100 μg) were separated by 6% SDS-PAGE and transferred to membranes.
Membranes were blocked in a TBS solution with 5%
nonfat dry milk and then incubated with rabbit against
acetyl-CoA carboxylase-α (ACCα), ribosomal protein
S6 kinase, 70 kDa, polypeptide 1 (S6K) or p-S6K antibodies (1:1000; Beijing Biosynthesis Biotechnology,
China). Goat anti-rabbit horseradish peroxidase-conjugated IgG at 1:2000 (Beijing Biosynthesis Biotechnology, China) was used as the secondary antibody, and
the signals were detected using an ECL Western blot
detection kit (Beyotime Institute of Biotechnology, China). After analysis, the membranes were blotted with
α-tubulin antibody at 1:1000 (Beijing Biosynthesis Biotechnology, China) to normalize for protein amount.
The blot images were digitized with a luminescent image analyzer (LAS-1000, Fuji Photo Film).
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level of the PI3K-Akt-mTOR signaling pathway was
assessed. As shown in Figs. 1a and 1b, compared with
the control group 5 mmol/L glucose had no evident
effect on the protein activities of PI3K, Akt, mTOR,
4EBP1 and S6K, while 35 mmol/L glucose significantly increased the activities of these proteins. After
the combined treatment with glucose and LY294002,
rapamycin or NVP-BEZ235, the activities of the tested
proteins were lower than those after single glucose
treatment. Western blotting (Fig. 1c) revealed that
the combined treatment with 35 mmol/L glucose and
LY294002, rapamycin or NVP-BEZ235 decreased the
protein expression levels of S6K and p-S6K.

Statistical analysis
All experimental data are presented as the means±SD.
One-way ANOVA was used to assess the differences
(Prism version 4.02; Graphpad Software Inc.) in the
detected factors. If ANOVA revealed significant effects, post hoc tests were performed and means were
compared by Tukey’s test using the SAS 9.13 package
(SAS Institute Inc, Cary, NC). P<0.05 was accepted
as the level of significance. Every experiment was repeated with three biological samples, and each sample
was run in triplicate.
RESULTS
Inhibition of the PI3K-Akt-mTOR signaling
pathway inhibited the glucose-induced
stimulation through this pathway
To verify the activation of the PI3K-Akt-mTOR signaling pathway by glucose, the collective effects of
glucose and PI3K-Akt-mTOR signaling pathway inhibitors on the protein content and mRNA expression

Fig. 1. Inhibitors of the PI3K-Akt-mTOR signaling pathway decreased the glucose-stimulated protein content of proteins in this
pathway. a and b – protein contents of factors involved in the
PI3K-Akt-mTOR pathway. The unit of PI3K is pmol/mL, the units
of Akt1 and mTOR are pg/mL, and the units of S6K and 4EBP1
are ng/mL. c – Western blot of S6K and phosphorylated (p)-S6K.
The symbols “CON, 5GLU, 35GLU, LY, RAP, NVP” in the right
legend and under the blot indicate control, 5 mmol/L glucose, 35
mmol/L glucose, 20 μmol/L LY294002, 30 nmol/L rapamycin, and
1 μmol/L NVP-BEZ235, respectively. “*” above the bars indicates
significant differences between all groups and the control group
at P<0.05; “%” above the bars indicates significant differences between all groups and 5GLU at P<0.05; “#” above the bars indicates
significant differences between all groups and 35GLU at P<0.05.
Each blot is representative of three independent experiments.
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Inhibition of the PI3K-Akt-mTOR signaling
pathway changed the effect of glucose on lipid
metabolism

Fig. 2. PI3K-Akt-mTOR signaling pathway inhibitors decreased
the stimulation of glucose on the relative mRNA expression levels of genes in this signal pathway. The symbols “CON, 5GLU,
35GLU, LY, RAP, NVP” in the right legend and under the blot
indicate control, 5 mmol/L glucose, 35 mmol/L glucose, 20 μmol/L
LY294002, 30 nmol/L rapamycin, and 1 μmol/L NVP-BEZ235,
respectively. “*” above the bars indicates significant differences
between all groups and the control group at P<0.05; “%” above
the bars indicates significant differences between all groups and
5GLU at P<0.05; “#” above the bars indicates significant differences between all groups and 35GLU at P<0.05.

Fig. 2 shows that the inhibitors of the PI3K-AktmTOR signaling pathway decreased the glucosepromoted activation of the mRNA expression level
of genes involved in the PI3K-Akt-mTOR pathway.
Compared to the control group, glucose treatment
increased the mRNA expression levels of PI3K, Akt1,
Akt2, mTOR, regulatory associated protein of mTOR,
complex 1 (Rptor), eukaryotic translation initiation
factor 4E binding protein 1 (4EBP1) and S6K. Compared with 5 mmol/L glucose, 35 mmol/L glucose had
a more pronounced effect on the mRNA expression
levels of these genes. Compared with the glucoseonly treatment, after the combined treatment with
glucose and LY294002, rapamycin or NVP-BEZ235,
the mRNA expression levels of all tested genes significantly decreased. These results confirmed that glucose
stimulates PI3K-Akt-mTOR signaling pathways.

To test the hypothesis that the regulation of lipid accumulation by glucose is connected to the modulation
of PI3K-Akt-mTOR signaling, the effect of glucose
and the PI3K inhibitor LY294002, the mTOR inhibitor rapamycin, and the Akt-mTOR dual inhibitor
NVP-BEZ235 on lipid accumulation was assessed.
As shown in Figs. 3a-3e, 5 mmol/L glucose had no
evident effect either on the intra- and extracellular
concentrations of TG, the lipid content, the extracellular VLDL concentration, or on the protein content
of fatty acid synthase (FAS), ACCα and CPT1. After treatment with 35 mmol/L glucose, the levels of
these tested factors changed significantly. After cotreatment with glucose and LY294002, rapamycin or
NVP-BEZ235, the intra- and extracellular TG concentrations, the lipid content and the protein content of
FAS and ACCα were all lower than in the glucose-only
groups. In addition, after co-treatment with glucose
and the three inhibitors, the protein content of CPT1
was higher than that in the glucose-only treatment.
Meanwhile, the extracellular VLDL concentration was
higher after co-treatment with glucose and LY294002
or rapamycin, but it showed no evident change after
co-treatment with glucose and NVP-BEZ235. The
result of Western blotting (Fig. 3f) showed that 35
mmol/L glucose increased ACCα protein expression.
After treatment with glucose and LY294002, rapamycin or NVP-BEZ235, ACCα protein expression was
lower than in the 35-mmol/L glucose group. As can
be seen in Fig. 4, Oil Red O staining revealed that 5
mmol/L and 35 mmol/L glucose caused an increase in
lipid accumulation. After co-treatment with glucose
and LY294002, rapamycin or NVP-BEZ235, lipid accumulation decreased. These results indicated that
glucose regulates the lipid accumulation mediated by
the PI3K-Akt-mTOR signaling pathway.
How many lipid metabolism pathways are involved
in the regulation of lipid deposition mediated by the
PI3K-Akt-mTOR signaling pathway? The mRNA expression levels of genes involved in lipogenesis, fatty
oxidation and VLDL-TG assembly and secretion were
measured. As shown in Figs. 5a-c, 5 mmol/L glucose
increased the mRNA expression levels of genes involved
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Fig. 3. Treatment with LY294002, rapamycin or NVP-BEZ235 changed the effect of glucose on lipid accumulation. a – intracellular TG
concentration (mmol/L); b – extracellular TG concentration, (mmol/L); c – lipid content measured by Oil Red O extraction (optical
density value); d – extracellular VLDL concentration (mg/ml); e – protein contents of genes involved in lipid metabolism: FAS (nmol/
ml), ACCα and CPT1 (ng/ml); f – result of Western blotting for ACCα. The symbols “CON, 5GLU, 35GLU, LY, RAP, NVP” in the right
legend and under the blot indicate control, 5 mmol/L glucose, 35 mmol/L glucose, 20 μmol/L LY294002, 30 nmol/L rapamycin, and 1
μmol/L NVP-BEZ235, respectively. “*” above the bars indicates significant differences between all groups and the control group at P<0.05;
“%” above the bars indicates significant differences between all groups and 5GLU at P<0.05; “#” above the bars indicates significant differences between all groups and 35GLU at P<0.05.

in lipogenesis (sterol regulatory element-binding proteins (SREBPs), FAS, ACCα, carbohydrate response element binding protein (ChREBP) and liver X receptor
α (LXRα)), while it decreased the mRNA expression
levels of genes involved in fatty acid oxidation (peroxisome proliferator activated receptor α (PPARα), PPARγ,
carnitine palmitoyltransferase 1 (CPT1) and acyl-CoA
oxidase 1, palmitoyl (ACOX1)), and increased the
mRNA expression levels of genes involved in VLDLTG assembly and secretion (forkhead box O1 (FoxO1),
microsomal triglyceride transfer protein (MTTP), and
Apolipoprotein B (ApoB)). The mRNA expression levels
of the detected genes in the 35-mmol/L glucose group
were higher than those in the 5-mmol/L glucose group.
Compared with the mRNA expression levels of
genes in the glucose group, after co-treatment with

glucose and LY294002, rapamycin or NVP-BEZ235,
the mRNA expression levels of the genes involved
in lipogenesis (SREBP1, FAS, ACCα, ChREBP, and
LXRα) decreased, the mRNA expression levels of the
genes involved in fatty acid oxidation (PPARα, PPARγ,
CPT1, and ACOX1) increased, and the mRNA expression levels of the genes involved in the VLDL-TG
assembly and secretion (FoxO1, MTTP, and ApoB)
also increased.
DISCUSSION
When abundant carbohydrate is available, glucose is
converted to glycogen and fat, storage products that
are used during fasting and strenuous exercise. Our
previous results indicated that overfeeding could in-
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Fig. 4. Intracellular lipid accumulation measured by Oil Red O
staining. The cells were examined by phase contrast microscopy at
200x magnification. The symbols “CON, 5GLU, 35GLU, LY, RAP,
NVP” on the left side of each picture indicate control, 5 mmol/L
glucose, 35 mmol/L glucose, 20 μmol/L LY294002, 30 nmol/L
rapamycin, and 1 μmol/L NVP-BEZ235, respectively.

crease goose plasma insulin and glucose levels [10],
and that insulin treatment could stimulate lipid deposition in goose primary hepatocytes via the PI3K-AktmTOR signaling pathway [8]. In this study, glucose
was shown to stimulate lipogenesis, decrease fatty
oxidation and increase VLDL assembly and secretion.
Glucose increased the lipid deposition in goose primary hepatocytes, which was mediated by the PI3KAkt-mTOR signaling pathway. The stimulation of
lipogenesis and the inhibition of fatty acid oxidation
by glucose favor hepatic lipid accumulation; however,
the stimulation of VLDL-TG assembly and secretion
limits lipid accumulation in liver cells.
The activated PI3K-Akt pathway has been linked
to the development of hepatic steatosis [9]. It was previously shown that the Akt-mTOR signal transduction
pathway is involved in lipid deposition in renal tubular
cells in diabetes mellitus [17], and that the PI3K-Akt
pathway is involved in the high glucose-induced increase of SREBP-1 in HKC [5]. However, the role of
the PI3K-Akt-mTOR signaling pathway in glucoseinduced lipid deposition has not been fully elucidated.
We hypothesized that glucose induces lipid deposition
in liver cells through the PI3K-Akt-mTOR signaling

Fig. 5. Treatment with LY294002, rapamycin or NVP-BEZ235
changed the effect of glucose on lipid metabolism. a – relative
mRNA expression levels of genes related to lipogenesis; b – relative
mRNA expression levels of genes related to fatty acid oxidation;
c – relative mRNA expression levels of genes related to VLDL-TG
assembly and secretion. The symbols “CON, 5GLU, 35GLU, LY,
RAP, NVP” in the right legend and under the blot indicate control,
5 mmol/L glucose, 35 mmol/L glucose, 20 μmol/L LY294002, 30
nmol/L rapamycin, and 1 μmol/L NVP-BEZ235, respectively. “*”
above the bars indicates significant differences between all groups
and the control group at P<0.05; “%” above the bars indicates
significant differences between all groups and 5GLU at P<0.05;
“#” above the bars indicates significant differences between all
groups and 35GLU at P<0.05.

pathway. In this study, we first explored whether glucose affected the PI3K-Akt-mTOR pathway in goose
liver cells. Similar to previous studies that revealed
that high glucose affected the PI3K/Akt pathway in
renal mesangial cells [18], human endothelial cells
[19] and mouse cardiac fibroblasts [20], our results
showed that the levels of total S6K (both phosphorylated and nonphosphorylated forms) increased after
glucose treatment. The gene expression of related factors changed after the glucose treatment; thus it was
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concluded that glucose could stimulate the PI3K-AktmTOR pathway.
The other aim was to investigate the role of the
PI3K-Akt-mTOR pathway in glucose-induced lipid
deposition. To that end, cells were treated with glucose and the PI3K inhibitor LY294002, mTOR inhibitor rapamycin, or PI3K and mTOR dual inhibitor
NVP-BEZ235. Our results indicated that LY294002,
rapamycin or NVP-BEZ235 all markedly inhibited the
PI3K-Akt-mTOR signal pathway activation induced by
glucose. Upregulation of lipogenesis was attenuated by
the addition of LY294002, rapamycin or NVP-BEZ235
in cells under a glucose medium. Similarly, other researchers found that the PI3K-Akt pathway plays a role
in glucose-mediated cellular lipid synthesis. Two recent
reports showed that high fat diet (HFD)-induced hepatic steatosis was virtually eliminated in liver-speciﬁc
PI3K p110-a-/- mice [21], and that the inhibition of
hepatic Akt2 in mice ameliorates liver steatosis caused
by a HFD [22], suggesting that PI3K-Akt can promote
hepatic lipid accumulation under conditions of high
dietary fat. Therefore, these results strongly support
the fact that the PI3K-Akt-mTOR signaling pathway
mediates glucose-induced lipid accumulation by upregulating fatty acid synthesis.
Whether lipid metabolism is similarly regulated
in cells undergoing a glucose-induced proliferative
response has not been investigated. Our results show
that glucose can decrease the mRNA expression and
protein contents of the products of genes involved in
fatty acid oxidation and VLDL assembly and secretion; however, inhibition of PI3K-Akt-mTOR signaling abolishes the glucose-induced decrease in fatty
acid oxidation and VLDL-TG assembly and secretion.
Some studies revealed that increased mTOR activity
impaired hepatocytic lipid homeostasis by regulating
the transcription factors PPARα, PPARγ and retinoid
X receptor b [23]. PI3K-Akt signaling executes many
of the anabolic activities of growth factor-stimulated
cells, including lipid and protein synthesis. Its involvement in suppressing glucose-induced fatty acid oxidation and VLDL-TG assembly and secretion at the
cellular level is still unclear. When stimulated to proliferate, liver cells commit to net lipid synthesis by suppressing fatty acid oxidation and VLDL-TG assembly
and secretion, concomitantly inducing lipid synthesis.
The ability to suppress fatty acid oxidation and VLDL-
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TG assembly and secretion is required for these cells
to achieve maximal rates of proliferation. These results
identify a novel mechanism used to modulate lipid
metabolism in proliferating cells. However, further
studies are needed to determine the exact mechanism
involved in PI3K-Akt-mTOR-mediated lipid deposition in proliferating liver cells.
In conclusion, our data describe the glucosepromoted stimulation of lipid deposition through
the PI3K-Akt-mTOR-dependent pathway in goose
primary hepatocytes.
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