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Original Article

Over-expression of NYGGF4 inhibits glucose transport in 3T3-L1
adipocytes via attenuated phosphorylation of IRS-1 and Akt
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Aim: NYGGF4 is a novel gene that is abundantly expressed in the adipose tissue of obese patients. The purpose of this
study was to investigate the effects of NYGGF4 on basal and insulin-stimulated glucose uptake in mature 3T3-L1 adipocytes
and to understand the underlying mechanisms.

Methods: 3T3-L1 preadipocytes transfected with either an empty expression vector (pcDNA3.1Myc/His B) or an NYGGF4
expression vector were differentiated into mature adipocytes. Glucose uptake was determined by measuring 2-deoxy-D-
[PH]glucose uptake into the adipocytes. Immunoblotting was performed to detect the translocation of insulin-sensitive glu-
cose transporter 4 (GLUT4). Immunoblotting also was used to measure the phosphorylation and total protein contents of
insulin signaling proteins such as the insulin receptor (IR), insulin receptor substrate (IRS)-1, Akt, ERK1/2, p38, and JNK.
Results: NYGGF4 over-expression in 3T3-L1 adipocytes reduced insulin-stimulated glucose uptake and impaired insulin-
stimulated GLUT4 translocation. It also diminished insulin-stimulated tyrosine phosphorylation of IRS-1 and serine phos-
phorylation of Akt without affecting the phosphorylation of IR, ERK1/2, p38, and JNK.

Conclusion: NYGGF4 regulates the functions of IRS-1 and Akt, decreases GLUT4 translocation and reduces glucose uptake
in response to insulin. These observations highlight the potential role of NYGGF4 in glucose homeostasis and possibly in
the pathogenesis of obesity.
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Introduction In an earlier studym, we isolated and characterized
NYGGF4, a novel gene whose expression was higher in

Obesity is a serious public health problem that is associ- adipose tissue from obese patients than in that from normal
controls. We also found that ectopic expression of NYGGF4

could dramatically increase 3T3-L1 preadipocyte prolifera-

ated with increased risk of type 2 diabetes mellitus, hyper-
tension, coronary heart disease, and certain cancers! ™,
Obesity is increasing at an alarming rate. Recent data have .= .4 affecting adipocyte differentiation'”. Our find-

shown that at a worldwide level, at least 1 in every 10 adults ings suggest that NYGGF4 might be a new candidate gene

is obese. In some Western countries, the percentage ismuch ¢~ obesity. The aim of this study was to investigate the role
of NYGGF+4 in the pathogenesis of obesity and/or obesity-

related metabolism disorders. We examined the effects of

higher (25% or more), Obesity is a multifactorial disease
that arises from interactions between susceptibility genes
and environmental factors"®. Numerous epidemiological

NYGGF4 on glucose transport in mature adipocytes and

studies have recognized the contribution of genetic factors to 3¢ 11ined the molecular events un derlying these effects

g s s .. [6]
an individual’s susceptibility to obesity™. The results showed that NYGGF4 over-expression in 3T3-L1
adipocytes led to reduced insulin-stimulated glucose trans-

port through attenuated phosphorylation of insulin receptor

# . .
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Materials and methods

Antibodies Primary polyclonal GLUT4 antibodies
and horseradish peroxidase-conjugated secondary antibod-
ies were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). Anti-phospho-insulin receptor (IR) beta
(Tyr1146), anti-IR beta, and anti-IRS-1 were purchased
from Cell Signaling Technology (Danvers, MA, USA).
The phospho-specific polyclonal antibody against IRS-1
(Tyr612) was from Biosource (Camarillo, CA, USA). Anti-
bodies against Akt, ERK1/2, p38, and JNK and against the
phosphorylated forms of these proteins were obtained from
Kangchen (Shanghai, China).

Cell culture and differentiation 3T3-L1 preadipocytes
that were stably transfected with either an empty expression
vector (pcDNA3.1Myc/His B) or an NYGGF4 expression
vector were established in our laboratory'”’. The transfected
cells were maintained in Dulbecco’s modified Eagle’s medium
(DMEM; Gibco Laboratories, Grand Island, NY, USA)
supplemented with 10% calf serum (Gibco, Carlsbad, CA,
USA) and 100 pg/mL neomycin (G418; Roche, Basel, Swit-
zerland). Two days after complete confluence (day 0), the
cells were cultured for 48 h in DMEM supplemented with
10% fetal bovine serum (FBS; Gibco, Carlsbad, CA, USA),
0.5 mmol/L 1-methyl-3-isobutylxanthine (Sigma, St Louis,
MO, USA), 1 ymol/L dexamethasone (Sigma, St Louis, MO,
USA), 10 pg/mL insulin (Sigma, St Louis, MO, USA), and
100 pg/mL G418. From d 2 to d 4, the medium was only
supplemented with 100 nmol/L insulin. The cells were then
transferred to DMEM containing 10% FBS and 100 pg/mL
G418 for the remaining culture period. The cultures were
replenished every 2 d. After induction for 10 d, more than
80% of the cells exhibited typical adipocyte morphology.

Glucose uptake 2-Deoxy-D-[*H]glucose (CIC, Beijing,
China) uptake was assayed as described previously but with
minor modifications™. The stably transfected cells were
cultured in 6-well plates and induced into mature adipocytes.
On d 10 of differentiation, the cells were serum-starved in
DMEM containing 0.5% FBS for 3 h. The cells were then
washed twice with phosphate-buffered saline (PBS) and
incubated in KRP-HEPES buffer [30 mmol/L HEPES (pH
7.4), 10 mmol/L NaHCO;, 120 mmol/L NaCl, 4 mmol/L
KH,PO,, 1 mmol/L MgSO,, and 1 mmol/L CaCl,] in the
presence or absence of 100 nmol/L insulin for 30 min at
37 °C. Labeled 2-deoxy-D-[*H]glucose was added to a final
concentration of 2 uCi/mL. After 10 min at 37 °C, the reac-
tion was terminated by washing 3 times with ice-cold PBS
supplemented with 10 mmol/L D-glucose. The cells were
solubilized by adding 200 L of 1 mol/L NaOH to each well,

and aliquots of the cell lysate were transferred to scintillation
vials for radioactivity counting; the remainder was used for
the protein assay.

Immunoblotting The transfected 3T3-L1 preadipocytes
were induced to differentiate as described above. On day
10 of differentiation, the cells were serum-starved for 3 h
and then incubated with or without 100 nmol/L insulin.
Total proteins or phosphorylated proteins were extracted as
described previouslym. Plasma membrane (PM) proteins
were extracted using the Eukaryotic Membrane Protein
Extraction Reagent (Pierce, Rockford, IL, USA). Protein lev-
els were quantified using the bicinchonic acid (BCA) protein
assay kit (Pierce, Rockford, IL, USA) in accordance with the
manufacturer’s instructions. After sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), the pro-
teins (20 pg/lane) were electrophoretically transferred onto
a nitrocellulose membrane (Whatman, London, UK). After
being blocked with Tris-buffered saline Tween-20 [TBST;
0.14 mol/L NaCl, 0.02 mol/L Tris base (pH 7.6), and 0.1%
Tween] containing 3% bovine serum albumin (BSA) for 1 h
at room temperature, the membrane was hybridized with pri-
mary antibodies at an appropriate dilution at 4 °C overnight.
The membrane was then washed with TBST for § min. This
step was repeated S times. After being washed, the mem-
brane was incubated with horseradish peroxidase-conjugated
secondary antibodies for 1 h at room temperature, washed
with TBST, and developed with the enhanced chemilumi-
nescence (ECL) kit (Amersham, Piscataway, NJ, USA).

Statistical analysis All data are expressed as means+
SEM. Statistical analysis was performed using one-way
ANOVA with the SPSS 10.0 statistical software package
(SPSS Inc, Chicago, IL, USA). The threshold of significance
was defined as P<0.0S.

Results

Effects of NYGGF4 on basal and insulin-stimulated
glucose uptake in 3T3-L1 adipocytes To determine
whether NYGGF4 affects insulin sensitivity, we assessed
glucose uptake in differentiated 3T3-L1 adipocytes. In
NYGGF4-overexpressing cells, basal glucose uptake was
similar to that observed in controls. However, in NYGGF4-
overexpressing cells, insulin-stimulated glucose uptake was
approximately 40% lower than that in controls (Figure 1).

Effects of NYGGF4 on basal and insulin-stimulated
GLUT4 translocation In adipocytes, insulin-stimulated
glucose uptake is dependent on translocation of the insulin-
responsive glucose transporter GLUT4 from intracellular
storage compartments to the PM!"* " Therefore, using dif-
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Figure 1. Effect of NYGGF4 on glucose uptake. 3T3-L1 preadipocytes
transfected with NYGGF4 or the empty vector (pcDNA3.1Myc/His B)
were induced to differentiate. After serum starvation for 3 h, the cells
were incubated with (black columns) or without (white columns) 100
nmol/L insulin for 30 min, followed by measurement of the 2-deoxy-
D-[*H]glucose uptake. Values represent the meansSD from three
independent experiments. "P=0.001<0.01 vs insulin-stimulated control
(cells transfected with the empty vector).

ferentiated 3T3-L1 adipocytes, we examined the effects of
NYGGF4 on GLUT4 translocation to the PM in response
to insulin. The results demonstrated that NYGGF4 over-
expression decreased insulin-stimulated GLUT4 transloca-
tion to the PM but did not alter either basal GLUT4 translo-
cation or the total GLUT4 protein content (Figure 2).
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Figure 2. Effect of NYGGF4 on GLUT4 translocation. 3T3-L1
preadipocytes transfected with NYGGF4 or the empty vector were
induced to differentiate. Membrane proteins and total proteins were
extracted from the differentiated cells incubated with or without 100
nmol/L insulin for 30 min. Immunoblotting was performed using
antibodies against GLUT4. The results are representative of those
obtained from three independent experiments.

Effects of NYGGF4 on protein expression and insu-
lin-stimulated phosphorylation of insulin signaling mol-
ecules We next investigated the effect of NYGGF4 on the
molecules involved in insulin signaling for glucose uptake.
NYGGF4 over-expression resulted in significant inhibition
of insulin-induced tyrosine phosphorylation of IRS-1 and
serine phosphorylation of Akt, whereas NYGGF4 over-
expression did not affect the tyrosine phosphorylation of
IR. We also evaluated the phosphorylation of ERK1/2, p38,
and JNK, which are downstream signaling molecules of the
Ras/MAPK insulin signal pathway. We found that NYGGF4
over-expression had no effect on the insulin-induced phos-
phorylation of these molecules. As shown in Figure 3, there
is no significant difference in the total protein contents of

these signal molecules.
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Figure 3. Effect of NYGGF4 on insulin signaling transduction. 3T3-L1 preadipocytes transfected with NYGGF4 or the empty vector were
induced to differentiate. After incubation with or without 100 nmol/L insulin for 30 min, the cell lysates were analyzed by SDS-PAGE, blotted
onto a membrane, and then probed with antibodies against molecules involved in the insulin signal pathway. The results are representative of those
obtained from three independent experiments. A-F represent the total protein concentration and phosphorylation level of AKT, ERK, p38, JNK,

IRS-1, and IR, respectively.
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Discussion

Obesity is a major public health problem that is strongly
influenced by genetic factors that remain largely unknown!'.
In an earlier study, we identified NYGGF4 as a new obe-
sity candidate gene. Our earlier study demonstrated that
NYGGF4 was expressed at higher levels in obese individuals
than in normal-weight controls. The purpose of this study
was to further investigate the effects of NYGGF4 on insulin
sensitivity in mature adipocytes.

In adipocytes, insulin acts on many steps of glucose
metabolism. However, one of its most important effects is
the ability to increase the rate of cellular glucose transport!"*.
In this study, we found that NYGGF4 over-expression could
significantly decrease insulin-stimulated glucose transport in
mature adipocytes and had no effect on basal glucose uptake.
Insulin-stimulated glucose uptake in adipose tissue is medi-
ated by the translocation of insulin-sensitive GLUT4 from
intracellular vesicles to the PM. We studied GLUT4 trans-
location to determine the mechanism by which NYGGF4
decreases insulin-stimulated glucose uptake. The results
indicated that NYGGF4 affected insulin-stimulated glucose
uptake by decreasing GLUT4 translocation to the PM.

To further investigate the mechanism by which NYGGF4
decreases insulin-stimulated GLUT4 translocation and glu-
cose uptake, we examined the protein contents and phospho-
rylation levels of molecules involved in insulin signaling for

14151 the insulin

glucose transport. In the presence of insulin®
receptor (IR) autophosphorylates and catalyzes several intra-
cellular substrates, including IRS proteins and She (in the adi-
pose tissue). These substrates are involved in the activation
of two main signaling pathways: (1) the phosphatidylinositol
3-kinase (PI3K)-protein kinase B/Akt (PKB) pathway, which
is responsible for most of the metabolic actions of insulin,
and (2) the Ras-mitogen-activated protein kinase (MAPK)
pathway, which regulates the expression of some genes and

16171 In this study, we

also participates in glucose transport[
examined the protein contents and phosphorylation levels of
Akt and three different MAPKs (ERK, p38, and JNK). We
found that NYGGF4 attenuated the phosphorylation level
of Akt and had no effect on the phosphorylation levels of
ERK, p38, and JNK. Therefore, we deduced that NYGGF4
reduced insulin-stimulated glucose uptake through attenu-
ated Akt phosphorylation. Subsequently, we examined the
protein content and phosphorylation level of IR and IRS-1,
the upstream molecules of Akt that play a central role in the
metabolic effects of insulin on adipocytes®!. Intriguingly,
NYGGF4 decreased insulin-stimulated tyrosine phosphory-
lation of IRS-1 without changing the tyrosine phosphoryla-

tion of IR. Based on these results, we speculated that the
downregulated phosphorylation level of Akt resulting from
attenuated tyrosine phosphorylation of IRS-1 might impair
insulin-stimulated GLUT4 translocation and glucose uptake
in NYGGF4-overexpressing adipocytes.

A domain-predicting program indicated that the NYGGF4
protein contained a phosphotyrosine binding (PTB) domain.
The PTB domain usually binds to phosphorylated tyrosine
residues and plays an important role in signal transduction by
growth factor receptors'"”. In the insulin signaling pathway,
the PTB domain of IRS-1 binds to the NPXpY motif in the 3
subunit of the insulin receptor, leading to tyrosine phospho-
rylation. Therefore, we hypothesized that NYGGF4 might
impair tyrosine phosphorylation in IRS-1 by competitively
inhibiting the binding of IRS-1 to the insulin receptor via its
PTB domain.

In conclusion, the results of this study demonstrate
that NYGGF4 over-expression inhibits insulin-stimulated
glucose transport in mature adipocytes by attenuating the
phosphorylation levels of IRS-1 and Akt. Although addi-
tional studies are necessary to elucidate the mechanism by
which NYGGF4 regulates IRS-1 tyrosine phosphorylation,
our results provide evidence that NYGGF4, a new obesity
candidate gene, plays an important role in the development
of obesity. Furthermore, this gene may be a potential target
for the treatment of obesity and obesity-related insulin resis-
tance.
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