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Vaspin promotes 3T3-L1 preadipocyte differentiation
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Abstract
Vaspin, a novel adipocyte factor secreted from visceral adipose tissues, is associated with obesity and insulin resistance and can

regulate glucose and lipid metabolism, increase insulin sensitivity, and suppress inflammation; however, the underlying mechan-

isms remain unknown. Proliferation and maladaptive differentiation are important pathological mechanisms underlying obesity.

This study aimed to evaluate the effects of vaspin on the proliferation and differentiation of preadipocyte 3T3-L1 cells and to

explore the likely mechanisms responsible for 3T3-L1 differentiation. Vaspin was added to cultured 3T3-L1 cells, and the differ-

entiation of adipocytes was evaluated using Oil Red O staining. The AKT signaling pathway and specific differentiation factors

related to the differentiation of preadipocyte 3T3-L1 cells, peroxisome proliferator-activated g and the CCAAT/enhancer-binding

protein (C/EBP) family, were evaluated using reverse transcription polymerase chain reaction (RT-PCR) and western blot analyses

during the early phase of differentiation. Additionally, adiponectin mRNA, interleukin-6 mRNA (IL-6 mRNA), and glucose trans-

porter-4 (GLUT4) protein levels were measured in the differentiated adipocytes. The results indicated that vaspin promotes the

intracellular accumulation of lipids and increases differentiation-related factors, including peroxisome proliferator-activated recep-

tor g, C/EBPa, and free fatty acid-binding protein 4 (FABP4), in a dose-dependent manner. Additionally, vaspin (200 ng/mL)

increased the mRNA and protein levels of C/EBPb, peroxisome proliferator-activated g, C/EBPa, and FABP4. Moreover, com-

pared with the control, significantly smaller eight-day differentiated adipocytes were observed, and these cells exhibited

decreased IL-6 mRNA and increased GLUT4 mRNA levels; these results also indicated the potential of vaspin to promote the

insulin-mediated AKT signaling pathway during the early phase of differentiation. In conclusion, vaspin is able to promote the

differentiation of 3T3-L1 preadipocytes and may increase their sensitivity to insulin and suppress obesity.
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Introduction

Obesity is considered as a global human health problem.1

Obesity significantly increases the risk for developing type 2

diabetes, hypertension, coronary heart disease, stroke, and

several types of cancers.2–4 Adipose tissue is not only a large

energy storage organ but also an important endocrine

organ.5 Fat cells produce and secrete a variety of adipokines,

which affect insulin sensitivity, glucose and lipid levels, and

satiety and appetite.6

Adipose tissue dysfunction plays a key role in the devel-
opment of obesity and obesity-related diseases.7,8 An imbal-
ance between energy intake and consumption can trigger
obesity.9 An increased number of fat cells is primarily
caused by the proliferation of preadipocytes and their
continuous differentiation into mature adipocytes.10

The mechanisms underlying the complications of obesity
are related to changes in the proliferation, differentiation,
and function of fat cells.11 The differentiation of fibroblast-
like preadipocytes into mature adipocytes involves mor-
phological and biochemical changes. During differentiation,
the action of adipogenic genes, including CCAAT/enhan-
cer-binding proteins (C/EBPs) and peroxisome proliferator-
activated receptor-g (PPAR-g), induces adipogenesis.12

Vaspin, which belongs to the family of serine protease
inhibitors, is a visceral adipose tissue-specific serine prote-
ase inhibitor. Hida et al.13 initially identified the novel adi-
pocyte factor vaspin in the visceral adipose tissue of obese
rats with type 2 diabetes (OLETF rats). Administering
vaspin to obese mice or rats improved glucose tolerance
and insulin sensitivity by inhibiting the expression of
proinFammatory adipocytokines, including leptin, resistin,
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and tumor necrosis factor-a, in mesenteric and subdermal
white adipose tissues.13 Vaspin administration reduces
food intake and has sustained blood glucose-lowering
effects in mice.14 The expression of vaspin in visceral adi-
pose tissue fat and subcutaneous fat tissue was positively
correlated with BMI and body fat content, as well as with an
increase in body fat and the deterioration of the metabolic
disorder. The level of vaspin mRNA was positively corre-
lated with body fat content and plasma insulin level; how-
ever, vaspin mRNA was negatively correlated with insulin
sensitivity.15 A decreased serum vaspin level and improved
insulin sensitivity were observed in obese patients
undergoing gastric bypass surgery, indicating that the
increased level of vaspin in adipose tissue was closely
related to obesity, insulin resistance, and type 2 diabetes.16

However, little is known concerning the potential of obesity
for inducing the expression of vaspin, the effect of vaspin on
the metabolism of adipocytes and the molecular mechan-
isms underlying obesity.

The present study aimed to evaluate the effects of vaspin
on lipid accumulation and at various times during the dif-
ferentiation process of adipocytes and to explore the
molecular mechanisms underlying the role of vaspin in
the proliferation and differentiation of preadipocytes, pro-
viding new evidence for the prevention and treatment of
obesity and its related diseases.

Materials and methods
Cell culture

Mouse 3T3-L1 preadipocytes (Cell Resource Center,
Institute of Basic Medical Sciences, Chinese Academy of
Medical Sciences; School of Basic Medicine, Peking Union
Medical College, Beijing, China) were grown in Dulbecco’s
modified Eagle’s medium (DMEM) with high glucose con-
taining 10% fetal bovine serum (FBS) at 37�C in a humidi-
fied atmosphere with 5% CO2. The cells were subcultured
after reaching 80% confluence. To induce adipogenesis,
3T3-L1 cells were cultured until confluent; two days after
reaching confluence (day 0), the culture medium was
exchanged with a differentiation/induction medium con-
taining 10 mg/mL insulin, 0.5 mM 3-isobutyl-1-methyl-
xanthine, 1mM dexamethasone and 10% FBS in DMEM
for two days. The cell culture medium was subsequently
replaced with DMEM containing 10 mg/mL insulin and
10% FBS for an additional two days. The cells were fed
DMEM containing 10% FBS every other day for the next
5–8 days; on day 8,>90% of the cells exhibited an adipocyte
phenotype. Recombinant human vaspin (PeproTech, USA)
was added to the culture medium at various concentrations
during the adipogenic period of eight days. Vaspin cytotox-
icity was evaluated using a 3 -(4,5-demethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay for cell
viability.

Oil Red O staining

The cells were fixed with 10% formaldehyde/phosphate-
buffered saline (PBS) and stained with Oil Red O solution,
6 and 8 days after differentiation induction (0.5% Oil Red

O-isopropyl alcohol/H2O (3:2, v/v)). After staining, Oil
Red O was extracted from the cells using isopropyl alcohol,
and the absorbance was measured at 490 nm. The lipid
droplet sizes were analyzed using Image Pro Plus 6.0. At
least 10 microscopic fields were examined per well to deter-
mine the adipocyte size.

Reverse transcription polymerase chain reaction
(RT-PCR)

Total RNA was extracted from the cells, and the RNA con-
centrations were measured using a spectrophotometer.
A total of 1mg of mRNA was reverse transcribed into
cDNA and then amplified using the SYBR-Green I reagent
(Takara, Tokyo, Japan) in a fluorescence thermocycler.
Mouse Gapdh was used as an internal control. The follow-
ing primer sequences were used: PPAR-g, 50-CAC TCG CAT
TCC TTT GAC-30 (forward) and 50-ACT TTG ATC GCA
CTT TGG-30 (reverse); CCAAT/enhancer-binding protein
a (C/EBPa), 50-GGT GGA CAA GAA CAG CAA-30 (for-
ward) and 50-CGG TCA TTG TCA CTG TC-30 (reverse);
CCAAT/enhancer-binding protein b (C/EBPb), 50-CAA
GAA GAC GGT GGA CAA-30 (forward) and 50-CTG CTC
CAC CTT CTT GAC-30 (reverse); free fatty acid-binding
protein 4 (FABP4), 50-GTG ATG CCT TTG TGG GAA C-30

(forward) and 50-ATC CCC ATT TAC GCT GAT G-30

(reverse); and Gapdh, 50-GCT GAG TAT GTC GTG GAG
T-30 (forward) and 50-GTT CAC ACC CAT CAC AAA C-30

(reverse).

Western blot analysis

Total protein was extracted and subsequently quantified
using a BCA protein quantification kit (Beyotime,
Shanghai, China). A total of 30mg of protein from each
sample was separated using SDS-PAGE (10–15%) and
transferred to polyvinylidene difluoride membranes. The
membranes were blocked in 5% non-fat milk in TBS-T for
2 h at room temperature. After incubation with the primary
antibodies at 4�C overnight, the membranes were thor-
oughly washed with TBS-T before incubation with the
secondary anti-rabbit/mouse horseradish peroxidase-con-
jugated antibody for 2 h at room temperature. After wash-
ing the membranes again with TBS-T, the bands were
visualized with enhanced chemiluminescence reagents
(Millipore). Primary antibodies against mouse PPAR-g
(Cell Signaling Technology, Danvers, MA, USA), FABP4,
phospho-AKT (p-AKT), AKT, and b-actin (Epitomics, CA,
USA) were used.

Statistics

All of the analyses were performed using SPSS, version 16.0
(SPSS Inc., Chicago, IL, USA). All values were presented as
the mean� SEM. Statistical comparisons between the two
groups were performed using a two sample t-test. The dif-
ferences among multiple groups were assessed using two-
way ANOVA followed by Dunnett’s test. Probabilities of
P< 0.05 were considered to be statistically significant.
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Results
Effect of vaspin on the proliferation of 3T3-L1
preadipocytes

3T3-L1 preadipocytes were incubated with various concen-
trations of vaspin (0, 50, 100, or 200 ng/mL) for 48 h; the
proliferative activity was assessed using the MTT assay.
The findings revealed that vaspin exhibited no significant
effect on the proliferation of 3T3-L1 preadipocytes
(Figure 1a).

Effect of vaspin on lipid accumulation on day 6 of
3T3-L1 preadipocyte differentiation

The proliferation of 3T3-L1 preadipocytes was evaluated
through the colorimetric analysis of lipid droplets in isopro-
panol-stained cells. Vaspin induced lipid accumulation in a
dose-dependent manner. The levels of lipid accumulation
in the 50, 100, and 200 ng/mL groups were increased by 1.0-
fold, 1.20-fold (P< 0.05) and 1.49-fold (P< 0.01), respect-
ively, compared with that of the control group (Figure 1b
and c). This result indicates that vaspin can promote lipid
accumulation and adipocyte differentiation.

Effects of vaspin on specific transcription factors
during adipocyte differentiation

The expression of PPAR-g, C/EBP, and FABP4 increased in a
dose-dependent manner with as the concentration of vaspin
increased (50, 100, or 200 ng/mL). However, no significant
difference was observed between the 50 ng/mL and 100 ng/
mL groups. At a concentration of 200 ng/mL, the mRNA

levels of PPAR-g, C/EBPa, and FABP4 increased by 1.61-fold
(P< 0.05), 1.72-fold (P< 0.01), and 2.08-fold (P< 0.05), respect-
ively, compared with those of the control group (Figure 2a to
c). Similarly, western blot analysis revealed that the expression
levels of PPAR-g and FABP4 were increased by vaspin in a
dose-dependent manner. PPAR-g was increased by 1.38-fold,
1.48-fold, and 1.96-fold (50, 100, or 200 ng/mL, respectively),
respectively. FABP4 was increased by 1.45-fold, 2.10-fold
(P< 0.05), and 4.05-fold (P< 0.01) (50, 100, or 200 ng/mL),
respectively (Figure 2d and e).

To evaluate the effects of vaspin on the differentiation of
3T3-L1 preadipocytes at various time points, we added
200 ng/mL vaspin and subsequently collected these cells on
days 2, 4, 6, and 8. Additionally, the differentiation medium
and vaspin were replaced simultaneously during differenti-
ation. We observed that vaspin increased the C/EBPb mRNA
levels by 2.35-fold (P< 0.05) and 1.44-fold (P< 0.05) on days 2
and 4, respectively (Figure 3a). However, C/EBPa mRNA
was increased by 1.35-fold (P< 0.05), 1.71-fold (P< 0.01),
and 1.63-fold (P< 0.05) on days 4, 6, and 8, respectively
(Figure 3b). PPAY-g mRNA was increased on days 2, 4, 6,
and 8, with a 1.6-fold increase (P< 0.05) on day 6 (Figure
3c). FABP4 mRNA was increased by 1.79-fold (P< 0.01) and
1.75-fold (P< 0.05) on days 4 and 6, respectively, compared
with that of the control group (Figure 3d). Additionally, west-
ern blot analysis showed that vaspin significantly increased
the expression of PPAR-g on days 2, 4, 6, and 8, with the most
obvious increase appearing on day 6. Increased expression of
FABP4 was not detected on day 2; however, significant
increases were observed on days 4, 6, and 8 compared with
the control group.

Figure 1 Vaspin treatment enhanced lipid accumulation during adipocyte differentiation in 3T3-L1 cells. (a) 3T3L1 preadipocytes were treated with various con-

centrations of vaspin during differentiation, and cell viability was assessed using an MTT assay. (b) Oil Red O was extracted from the cells using isopropyl alcohol, and

the absorbance was measured at 490 nm. (c) The cells were incubated with or without vaspin for six days. The cells were fixed with formalin and then stained with Oil

Red O (200�magnification). *P<0.05 compared with control. (A color version of this figure is available in the online journal.)
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Effects of vaspin on the AKT signaling pathway during
adipocyte differentiation

3T3-L1 preadipocytes were cultured in the presence of
200 ng/mL vaspin and then harvested at 2, 6, 12, and 24 h
after the administration of vaspin. Western blot analysis
revealed that the expression of p-AKT increased 2, 6, and
12 h after the administration of vaspin compared to that of
the control group; the most obvious increase occurred at 2 h
(P< 0.01). Additionally, this effect gradually weakened as
the culture aged, and no increase was detected on day 24
(Figure 4).

Changes in mature adipocytes in the presence of vaspin
for eight days

Vaspin, 200 ng/mL, was added to the cells, and the vaspin
and differentiation medium was simultaneously replaced.
In response, approximately 80–90% of the 3T3-L1 preadipo-
cyte cells differentiated into adipocytes. Smaller lipid drop-
lets were observed in the adipocytes incubated with
200 ng/mL vaspin in relation to the control group
(Figure 5a and b). The mRNA levels of adiponectin, inter-
leukin-6 (IL-6) and glucose transporter 4 (GLUT4) were
examined in the adipocytes differentiated for eight
days in the presence of 200 ng/mL vaspin. No signifi-
cant changes were observed for adiponectin (Figure 5c).
However, IL-6 mRNA was significantly reduced
(Figure 5d), and the level of GLUT4 mRNA was signifi-
cantly increased (Figure 5e) compared with those of the
control group.

Discussion

Vaspin, which is a new adipocyte factor, is associated with
obesity, insulin resistance, and inflammation.15 However,
little is known regarding the effects of vaspin on adipocytes,
glucolipid metabolism, insulin sensitivity, and inflamma-
tion. According to the literature, the expression of vaspin
was increased in obese rat and human adipose tissue, and
elevated vaspin expression has been associated with obesity
and insulin resistance.17,18 Previous findings have demon-
strated that the circulating level of vaspin may reflect the
body fat content19 because the regulation of adipocyte dif-
ferentiation and insulin resistance is associated with obes-
ity.20 The present study aimed to explore the effects of
vaspin on the differentiation of 3T3-L1 preadipocytes.

The differentiation of 3T3-L1 preadipocytes is a complex
process that requires the modulation of several transcrip-
tion factors, including PPAR-g and the family of CCAAT/
enhancer-binding proteins: C/EBPb, C/EBPd, and C/EBPa.
Adipocyte differentiation is driven by the activation of fat-
related genes due to changes in transcription. Members of
the CCAAT/enhancer-binding protein family (C/EBPa, C/
EBPb, and C/EBPd) play important roles in adipogenesis.21

C/EBPb, which is expressed early in the adipocyte differ-
entiation program, initiates mitotic clonal expansion.22 In
our study, C/EBPb expression was significantly increased
compared to the control group during the early phase of
differentiation.

In response to an adipogenic induction, C/EBPb and
C/EBPd are first activated to promote PPAR-g and

Figure 2 Effects of various concentrations of vaspin on the expression of adipocyte-specific markers. The cells were incubated with or without vaspin for six days.

(a, b, and c) The mRNA levels of the C/EBP and PPAR-g transcription factors and the expression of the adipogenic marker gene FABP4 were analyzed using RT-PCR

analysis on day 6 of differentiation. (d and e) The protein expression levels of PPAR-g and FABP4 were assessed using western blot analysis on day 6 of differentiation.

*P<0.05 compared with the control group; **P<0.01 compared with the control group
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C/EBPa expression.21 The transcription factor PPAR-g is a
master regulator of adipocyte differentiation, and its activa-
tion is necessary and sufficient for this process.12 The acti-
vation of C/EBPa and PPAR-g leads to terminal
differentiation through their subsequent transactivations
of adipocyte-specific genes, such as FABP4, lipoprotein
lipase, and fatty acid synthase.12,23

In this study, vaspin promoted the expression of the tran-
scription factors C/EBPa and PPAR-g in a dose-dependent
manner, increased FABP4 and promoted the formation of
fat. The expression of C/EBPa and PPAR-g was gradually

increased with prolonged differentiation compared with
that of the control group. These findings indicated that
vaspin promoted the differentiation of preadipocytes and
that C/EBPb, C/EBPa, and PPAR-g were involved in the
differentiation of preadipocytes.

The phosphatidylinositol 3 kinase (PI3K/AKT) signaling
pathway involves the proliferation, differentiation, apop-
tosis and regulation of glucose transporters, and other cel-
lular functions. AKT plays a key role in the insulin signaling
pathway; the activation of AKT has been confirmed as an
important target for controlling obesity and diabetes.

Figure 3 Effects of vaspin on the expression of adipocyte-specific markers throughout the differentiation period. Vaspin (200 ng/mL) was added to the differentiation

medium, and the cells were harvested on culture days 2, 4, 6, and 8. (a, b, c, and d, respectively) The mRNA levels of C/EBPb, C/EBPa, PPAR-g and FABP4 were

analyzed using RT-PCR analysis. (e and f) The protein levels of PPAR-g and FABP4 were assessed using western blot analysis. *P<0.05 compared with the control

group; **P<0.01 compared with the control group
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The PI3K pathway that is activated by the phosphorylation
of AKT is an important component of this system.24,25 In the
absence of insulin, activated AKT can cause 3T3-L1 cells to
differentiate.24 The cascade reaction of the PI3K/AKT path-
way plays an important role in the differentiation of fat and
activates PPAR-g and C/EBPa during the differentiation of
3T3-L1 preadipocytes.25 The PI3K inhibitor LY294002 can
inhibit the differentiation of 3T3-L1 preadipocytes and the
expression of C/EBPa and PPAR-g.26

Moreover, AKT activates its downstream substrates via
phosphorylation and subsequently modulates C/EBPb and
C/EBPa.27,28 Studies have reported that vaspin can prevent
the free fatty acid -induced apoptosis of vascular endothe-
lial cells by up-regulating the PI3K/AKT pathway and
inhibiting the high glucose-induced phosphorylation of
vascular smooth muscle cells (VSMCs) by AKT, indicating
that vaspin may be involved in the proliferation and acti-
vation of VSMCs through the PI3K/AKT pathway.29 In this
study, we determined the effect of vaspin on the PI3K/AKT
signaling pathway during the early differentiation of 3T3-
L1 cells and noted that the phosphorylation of AKT in the
presence of 200 ng/mL vaspin was more obvious than that

in the control group. This effect was most obvious 2 h after
the administration of vaspin and lasted for 24 h. The find-
ings suggest that the phosphorylation of AKT may be
involved in the differentiation of 3T3-L1 preadipocytes.

Adipocyte dysfunction often manifests as inflammation,
adipokine dysregulation, and insulin resistance and is con-
sidered to be a contributory factor to the development of
diabetes.30 The ability of small subcutaneous adipocytes to
promote lipometabolism and improve insulin sensitivity
has been reported. The PPAR-g agonist thiazolidinediones
can stimulate the differentiation of preadipocytes, increas-
ing the number of small adipocytes by up-regulating the
expression of GLUT4 and adiponectin to improve insulin
sensitivity and prevent excess lipidosis.31–33 The size of adi-
pocytes is an important determinant of adipokine secretion.
Leptin, IL-6, IL-8, and adiponectin expression all exhibit a
significant linear correlation with adipocyte size.34 In the
present study, we found that mature adipocytes incubated
with vaspin for eight days were smaller than those of the
control group. The adiponectin mRNA level was not
affected; however, the IL-6 mRNA level was significantly
reduced, and the GLUT4 mRNA level was significantly

Figure 4 Effects of vaspin on the AKT signaling pathway during the first 24 h of differentiation. Vaspin (200 ng/mL) was added to the differentiation medium, and the

cells were harvested after 2, 6, 12, or 24 h of culture. Western blot analyses were used to assess the protein levels of p-AKT and AKT, **P<0.01 compared with the

control group
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increased. These findings indicate that the administration of
vaspin can alter the function of mature adipocytes and
reduce the expression of proinflammatory factors, in add-
ition to improving lipid metabolism and increasing insulin
sensitivity.

In conclusion, we observed that vaspin was able to pro-
mote the expression of FABP4 by increasing the expression
of transcription factors, such as PPAR-g, C/EBPb, and C/
EBPa. These effects can promote the differentiation of 3T3-
L1 preadipocytes. The PI3K/AKT signaling pathway may
be involved in this process. Additionally, the administration
of vaspin led to significantly smaller adipocytes, reduced
expression of IL-6 and increased expression of GLUT4, sug-
gesting that vaspin could potentially be used to increase
insulin sensitivity and inhibit obesity.
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