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Objective: The purpose of this study was to explore the regulation of A-FABP-PTEN/AKT
on insulin resistance in preadipocyte 3T3-L1 cell.

Methods: siRNA interference method was used to knock-down the A-FABP expression in 3T3-
L1 cells. The cell proliferation was detected by 0il-O staining and MTT. The protein and mRNA
expression levels of A-FABP, PTEN and AKT were detected by Western blot and qPCR.
Results: Inhibition of A-FABP expression increased cell proliferation activity of the 3T3-L1
cells. Moreover, siRNA3 significantly reduced A-FABP mRNA expression compared with
siRNAT1 and siRNA2 (P<0.05). The A-FABP mRNA level was significantly increased in the
induced 3T3-L1 cells, while the PTEN mRNA expression was significantly decreased
(P<0.05). Inhibition of A-FABP can significantly increase the PTEN mRNA expression in
the process of induced 3T3-L1 cells (P<0.05). Overexpression of A-FABP can also increase
the PTEN mRNA expression in the process of 3T3-L1 cell proliferation (P<0.05).
Furthermore, the protein expression levels of PTEN and p-AKT expression were not changed
in the process of 3T3-L1 cell proliferation with or without A-FABP interference (P>0.05).
However, inhibition of A-FABP significantly increased the PTEN protein expression and
reduced the p-AKT protein expression in the induced 3T3-L1 cells.

Conclusion: Our finding suggested that A-FABP can directly inhibit the phosphorylation of
AKT and increase the PTEN expression in the process of normal adipocyte differentiation,
which speculated that A-FABP played a crucial role by adjusting the AKT activity in the
process of adipocyte differentiation.
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Introduction
As we all known, obesity can lead to insulin resistance. However, patients with
normal or even low body mass index (BMI) (<23.9) may develop insulin resistance,
type-2 diabetes mellitus (DM) and other metabolic syndromes. Actually, fat is the
regulator for energy balance, endocrinology and metabolism. Fat tissues can secrete
multiple bioactive substances that also are called adipokines. Previous study has
found that compared to the increase of the simple adipocyte volume, abnormalities
in adipocyte proliferation are more closely associated with insulin resistance.'
Abnormalities in both proliferation and differentiation of preadipocytes lead to
excessive fat accumulation and consequently cause endocrine dysfunction, which
results in the development of insulin resistance and type-2 DM.?

Adipocyte fatty acid-binding protein (A-FABP), a member of the family of fatty
acid-binding proteins (FABPs), is discovered in adipocytes. A-FABP is mainly
expressed in adipocytes and macrophages. As the transporter of fatty acid, A-FABP
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influences the metabolism of fatty acid, and it also enters
cell nucleus to affect the transcription activity of peroxi-
some proliferator-activated receptor y (PPAR-y).> PPARg
is one of the therapeutic targets for antifibrotic therapy.*
A previous study has revealed that A-FABP-/- mice can-
not resist obesity induced by high-fat diet, but they are
able to obviously overcome hyperinsulinism and insulin
resistance induced by obesity.>® Xu et al have analyzed
serum A-FABP concentration in 229 men and women of
different age by tandem mass spectrometry, which indi-
cates that serum A-FABP level is positively correlated
with waistline, blood pressure, dyslipidemia, fasted
serum insulin and IR.”

Phosphatase and tensin homolog deleted on chromo-
some ten (PTEN) is the first cancer suppressor gene with
phosphatase activity so far.® A novel study has showed
that PTEN has interaction with A-FABP
differentiation preadipocyte 3T3-L1 cells.” Furthermore,

in pre-

a gene expression analysis on the PTEN deletion in kera-
tinocytes displays that the A-FABP expression is increased
by 5 folds after PTEN deletion.'® Yuan-yuan LI et al also
has found that patients with DM have more severe insulin
resistance than healthy controls, partially contributed by
elevated plasma levels of FABP4 and PTEN."' The gene
expression levels of PTEN and FABP4 in the liver, mus-
cle, and adipose tissues in T2DM rats were all significantly
higher than those in the control rats.'?> PTEN can act as
a lipid phosphatase to negatively regulate PI3K/AKT path.
It is seen that PTEN inhibits proliferation, survival and
growth of cells as well as interferes in glucose metabolism
by blocking P13K-AKT signaling pathway."

Increased differentiation of adipocytes may lead to
added number of mature adipocytes and subsequently con-
tribute a certain part to the development of obesity.'*'
Therefore, the effects of A-FABP on proliferation and
differentiation of preadipocytes are also able to microcos-
mically offer theoretical basis for the role of A-FABP in
adipogenesis process. Therefore, in the present study, we
aimed to explore the regulation of A-FABP-PTEN/AKT on
insulin resistance in preadipocyte 3T3-L1 cells.

Materials and Methods

Materials

Mouse adipose precursor 3T3L1 cells were obtained from
Shanghai Institute of Biochemistry and Cell Biology,
Chinese Academy of Sciences (Shanghai, China).
Dulbecco’s modified eagle’s medium (DMEM) was

purchased from (Gibco, USA). Fetal bovine serum (FBS)
was purchased from (Hyclone). Insulin, dexamethasone, 3
isobutyl 1 methylxanthine (IBMX) and oil red O staining
were purchased from (Sigma, USA). The required antibo-
dies, including anti-A-FABP4, anti-PTEN, anti-p-AKT and
anti-B-actin, were purchased from (Cell Signaling).
Diethyl pyrocarbonate (DEPC) was purchased from

(Amresco). SYBRGreen PCR kit was purchased
from ABI.
Cell Culture

3T3L1 cells were cultured in DMEM supplemented with
cyanine and streptomycin (final concentration 100 U/mL)
and 10% FBS. The cells were cultured in an incubator at
37 °C and a 5% CO, concentration. The medium was
changed every other day. When the degree of cell conflu-
ence reached 80-90%, it was digested with 0.25% trypsin
for subculture.

Oil Red O Staining

The 3T3L1 cells were cultured for 48 h, DMEM with 15%
FBS, insulin and dexamethasone (American sigma com-
pany) were added to. The 3T3L1 cells were cultured for
another 48 h, the medium was changed to DMEM with
15% FBS. The 3T3-L1 cells differentiated for 10-12 days
were mostly fat cell phenotypes. The fat cells were then
identified by oil red O dye (American sigma). Briefly, cells
were fixed in 10% neutral buffered formalin solution for
30 min at room temperature and washed twice with PBS.
Filtered oil red O dye was added and incubated at room
temperature for 60 min. Then, the oil red O dye was
absorbed and discarded. The effluent was washed with
running water until it was colorless and clear, and it was
observed and photographed under the microscope.

Small Interfering RNA (siRNA)

In this study, three siRNAs were used to inhibit the expres-
sion of A-FABP mRNA. siRNA was transfected with
lipofectamine™ 2000 (Invitrogen). 3T3-L1 cells were
seeded on a 6-well plate (1x10° cells/well). When the
cell density reached 60%, the medium was removed and
replaced with serum-free and antibiotic-free medium.
Then, 500 pL opti-MEM containing 10 pL lipofecta-
mine™ 2000 was added. After mixing, the cells were
cultured in 5% CO, at 37 °C for 6 h. The culture medium
was discarded and normal DMEM (containing 10% FBS)
was added to culture for further experiments.
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RNA Isolation and Real-Time PCR

Total RNA was extracted using a total RNA extraction kit
(Tiangen Biochemical Technology Co., Ltd., Beijing,
China), and cDNA was obtained using a reverse transcrip-
tion kit (TIANScript cDNA, Tiangen Biotech Co., Ltd.,
Beijing, China), followed by real-time quantitative PCR
reaction. The primers were provided by Sangon Biotech
(Shanghai, China). The primers for FABP4 were 5'-
GAAATCACCGCAGACGACA-3' and 5'-TCATAACAC
ATTCCACCACCA-3'. The primers for PTEN were 5'-
TTGAAGACCATAACCCACCA-3" and 5-TACACCAG
TCCGTCCCTTTC-3". The primers for GAPDH were 5'-
CGGAGTCAACGGATTTGGTCGTAT-3' and 5'-AGC
CTTCTCCATGGTGGTGA AGAC-3'. GAPDH was used
as an internal reference for mRNA expression. PCR was
conducted as follows: Pre-denaturation for 4 min at 94°C,
1 cycle; denaturation for 30 s at 94°C, annealing for 30 s at
(56-62) °C, extending for 1 min at 70 °C, 3040 cycles;
and extra-extension for 5 min at 72°C. The dissolution
profile was analyzed, and the relative mRNA expression
of FABP4 and PTEN was calculated by the 2 24¢T
method.

MTT Assay

3T3-L1 cells were seeded in 96-well culture plates at an
initial density of 1x10* cells/well. After an overnight
incubation, MTT solution (to a final concentration of
1 mg/ml) was added. After 4 h of incubation in a 37°C
incubator, 150 uL dimethyl Sulfoxide (DMSO) was added
into each well and cultured in a shaker for approximately
10 min. Finally, the OD value at 490 nm wavelength was
measured on microplate reader. The cell-free wells were
used as the blank control. Survival rate (%) = (OD value of
the experiment group/OD value of the control group)
% 100%.

Western Blot

The collected cells were treated with cold RIPA buffer
(Beyotime Institute of Biotechnology, Shanghai, China).
After centrifuged, the supernatant was collected. The BCA
kit (Thermo Fisher Scientific (China) Co., Ltd.) was used
for protein quantification. A total of 50 pg protein was
separated by SDS-PAGE (Biyuntian Biotechnology Co.,
Ltd.) electrophoresis and transferred to nitrocellulose
membrane (Pall Co., NY, USA). The membrane was
blocked with 5% skim milk at room temperature for 1
h. The anti-FABP4  (1:200,

antibodies  including

(Proteintech Group)), anti-PTEN (1:1000, (Proteintech
Group)), internal reference Tubulin (1:200, (Proteintech
Group)) and anti-GAPDH were added and cultured over-
night at 4 °C. Then, the diluted secondary antibody (Cell
Signaling) was added and incubated for 1 h at room
temperature. X-ray films were taken out in the dark cham-
ber. Molecular Imager Chemi Doc XRS (BIO-RAD Co.,
California, USA) and JS-780 automatic gel imaging ana-
lysis systems were used for blotting and quantitative ana-
lysis. GAPDH was used as the internal control.

Statistical Analysis

All experiments were repeated three times with the same
sample. Statistical analysis was
SPSS17.0 (International Business Machines, Corp.,
Armonk, NY, USA). Significant differences between
groups were assessed by one-way analysis of variance
(ANOVA). All data were expressed as means + standard
deviation (SD). Differences were considered statistically
significant when P < 0.05.

made by software

Results
The Differentiation and Characterization
of 3T3LI Cells

After inoculation for 16 h, 3T3-LIl cells can basically
achieve complete attachment (Figure 1A). It showed that
the appearance was similar to that of fibroblasts, and the
cell volume was smaller than that of primary cultured
human preadipocytes. 3T3-L1 cells were spindle-shaped
or polygon with multiple prominences. The nucleuses
were round, locating in the center of the cytoplasm.

Microscopical observation was started on day 2 of differ-
entiation induction for 3T3-LI cells by switching to differential
medium. It was noted that the cell volume was enlarged with
local shuttle-shaped distention, and the distention increasingly
grew bigger over differentiation time even with multiple dis-
tention in a cell. On day 4 of differentiation, reflective lipid
droplets could be found in cells. With the progress of differ-
entiation, more and more cells showed lipid droplets.
Moreover, the number of lipid droplets in a single cell was
gradually increasing, with the cell shape changed from poly-
gon to oval or round. On day 8 of differentiation, the lipid
droplets in some differentiated adipocytes merged together to
form larger ones, which pushed the nucleus towards one side
of the cell. Oil red O staining can specifically color the lipid in
differentiated adipocytes red (Figure 1B).
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Figure | The differentiation and characterization of 3T3-LI cells. (A) The cell morphology of 3T3-LI cells without induction. (B) The differentiation of 3T3-LI cells on day 8
of induction. Images (40 x magnification) are representative images of 3 independent samples.

The A-FABP mRNA Expression Level

After siRNA Different Types of A-FABP

siRNA is a double-stranded RNA molecule with 21-25
nucleotides. It can trigger the silence of target mRNA which
is mutually complementary to it. We used three types of
siRNA to inhibit the A-FABP mRNA expression level.
During the differentiation process of 3T3-L1 cells, the
siRNA with the highest inhibition efficiency was utilized to
investigate the action and potential mechanism of A-FABP.
qPCR was used to detect the A-FABP mRNA expression level
in 3T3-L1 cells. As shown in Figure 2, compared to the
negative control group, the A-FABP mRNA expression level
in the siRNA1, siRNA2 and siRNA3 groups was significantly
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decreased (P<0.05). Moreover, siRNA3 notably inhibited the
A-FABP mRNA expression level in comparison with siRNA2
and siRNA3 groups. Therefore, siRNA3 was used to inhibit
the A-FABP mRNA expression for further experiment.

Inhibition of A-FABP or Induction with
Insulin Significantly Decreased the
Proliferation in 3T3-LI Cells

As shown in Figure 3, the proliferation in 3T3-L1 cells
was significantly reduced on day 6 after induction with
insulin and dexamethasone (P<0.05). Regardless of with
or without induction, inhibition against the A-FABP
expression could increase the proliferation activity (P <

*#
P

Negative
control

SiRNAI

SiIRNA2 SiRNA3

Figure 2 The A-FABP mRNA expression level after transferred with siRNAI, siRNA2 or siRNA3. #P<0.05 compared with the negative group; *P<0.05 compared with the

siRNAI or siRNA2 group.
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Figure 3 Growth curves of the 3T3-LI cells after inhibition of A-FABP or induction with insulin.
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Figure 4 The mRNA expression levels of A-FABP and PTEN after inhibition of A-FABP or induction with insulin. *P<0.05 compared with the induction group; #P<0.05

compared with the siRNA + induction group.

0.05). The increased proliferation activity started from day
2 in the non-induction group, and started from day 4 in the
induction group. For the group with the inhibition of
A-FABP, the proliferation activity of cells was reduced
after induction, which started from day 2 (P < 0.05).

The mRNA Expression Levels of A-FABP
and PTEN After Inhibition of A-FABP or

Induction with Insulin

As shown in Figure 4, compared with the non-induction
group, the A-FABP mRNA expression in the 3T3-L1 cells
was significantly increased after induction by 2.62 times,
and the PTEN mRNA expression was notably decreased
by 0.45 times. A-FABP

Moreover, interfering the

expression in the induced 3T3-L1 cells could increase
the PTEN mRNA expression by 6.4 times. Similarly,
interfering A-FABP expression in the 3T3-L1 cells could
also increase the PTEN mRNA expression by 5.26 times.

The Protein Expression Levels of A-FABP,
p-AKT and PTEN After Inhibition of
A-FABP or Induction with Insulin

As shown in Figure 5, during the proliferation process of
3T3-L1 cells, the protein expression levels of A-FABP,
p-AKT and PTEN between the siRNA interference and
non-interference groups did not change significantly.
Compared to the non-induction group, the protein expres-
sion levels of A-FABP and p-AKT were significantly
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Figure 5 The protein expression levels of A-FABP, p-AKT and PTEN after inhibition of A-FABP or induction with insulin.

increased in the induction group. However, the PTEN
protein expression level in the induction group was sig-
nificantly decreased in comparison with the non-induction
group. Furthermore, the A-FABP protein expression level
was markedly decreased in the siRNA groups in compar-
ison with the control groups. The PTEN protein expression
was significantly increased in the siRNA groups, but the
p-AKT protein expression was markedly decreased in
comparison with the control induction group.

Discussion

Obesity is a consequence of excessive growth of fat tis-
sues, and the growth of fat tissues includes the increase of
adipocytes as well as the formation of new adipocytes
differentiated from precursor cells. The contribution of
A-FABP in fat tissues is still unknown. We investigated
the changes of cell proliferation activity in both induction
and non-induction groups after interfered the A-FABP
expression of preadipocytes. In both induction and non-
induction groups, inhibition of A-FABP increased cell
proliferation activity, indicating that A-FABP played an
important role in the induction of differentiation and
maturity of preadipocytes. It is already known that the
occurrence of obesity is closely associated with the growth
of adipocytes. It has been reported that 15-50% of fat
tissues is composed of preadipocytes, which can divide,
differentiate and even die under the stimulation of extra-
cellular signals.” Therefore, it can be seen that controlling
the proliferation of preadipocytes as well as inducing
apoptosis of preadipocytes has an important role in obesity
prevention. As mature adipocytes do not divide anymore,
its population mainly depends on the proliferation and
differentiation of preadipocytes as well as the apoptosis.'

Inducing apoptosis of mature adipocytes is believed to be
a significant way to control obesity.

In recent years, with the gradual understanding of the role
of adipose tissue as an endocrine organ, people have found
that endocrine dysfunction in fat tissues is an important
bridge between obesity and DM. While abnormal expression
of adipocyte-derived factors is an important molecular
mechanism to participate or aggravate IR as well as cell
function impairment, and consequently to induce DM. The
expression disorder of fat-derived factors plays an important
role in the pathophysiology process of DM caused by inflam-
mation. A number of studies have showed that AKT cascade
signal response plays a significant role in the formation of
adipocytes. Under physiological status, insulin binds to the a
subunit of its receptor, thus induces the autophosphorylation
of tyrosine residue of B subunit, and activates the phosphor-
ylation of tyrosine kinase of insulin receptor. PI-3K, a lipid
kinase, can catalyze the phosphorylation of phosphatidylino-
sitol on cell membrane and produce phosphatidyl inositol
triphosphate that will then bind to downstream signal
molecules.'® The downstream signal molecules of PI3K is
a 3-phosphatidylinositol-dependent protein kinase and AKT.
AKT could be activated by 3-phosphatidylinositol-dependent
protein kinase to facilitate the migration of intracellular
GLUT#4 to cell membrane.

The expression and activity of A-FABP are significantly
enhanced during the differentiation process of adipocytes.
Moreover, A-FABP plays a critical role in insulin resistance
induce by obesity. Our study has demonstrated that the
A-FABP mRNA expression is increased after induced differ-
entiation of 3T3-L1 cells, while the PTEN expression is
considerably reduced. Interfering the A-FABP mRNA
expression during the induction of 3T3-L1 cells is able to
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increase the PTEN mRNA expression. However, interfering
the A-FABP mRNA expression during the proliferation of
3T3-L1 cells is able to significantly increase the PTEN
mRNA expression. Protein-level investigation in this experi-
ment has suggested that interfering the A-FABP protein
expression during the proliferation of 3T3-L1 cells does not
result in any apparent change. The reason is considered to be
related to the fact that induced differentiation is a complex
physiological process and A-FABP protein expression is
limited during the proliferation of undifferentiated 3T3-L1
cells. During the differentiation of 3T3-L1 cells, siRNA’s
interference to A-FABP expression decreases the p-AKT
protein expression and also increases the content of PTEN
protein. It is considered that A-FABP may participate in
insulin resistance. However, whether it directly acts on
p-AKT or indirectly acts on PTEN in insulin signaling path-
way needs further investigation.

This study has proved that interfering A-FABP expres-
sion during the differentiation of normal adipocytes can
reduce the p-AKT protein expression to disturb carbohy-
drate metabolism. Previous study has found that high AKT
protein expression is an important factor for adipocytes to
maintain its normal physiology and refrain from apoptosis.
Our results showed that A-FABP expression is essential
during the normal differentiation of adipocytes. Contrary
to our study, previous animal experiments have indicated
that inhibiting A-FABP expression can improve insulin
resistance. The reason may be the fact that compared
with normally differentiated adipocytes, abnormally differ-
entiated adipocytes have abnormalities in the A-FABP
expression, or inhibition of A-FABP expression gives
rise to reduced p-AKT level. Therefore, it improves insulin
resistance. However, the specific mechanism needs further
study.

Conclusion

At cellular level, this study has revealed that interfering
A-FABP expression during the differentiation of normal
adipocytes can reduce p-AKT expression to disturb carbo-
hydrate metabolism. This study prompts that A-FABP may
participate in the molecular mechanism of insulin resis-
tance, which lays the foundation for further investigations
on insulin-resistant adipocytes.
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