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Abstract

The present study aimed to investigate visceral adipose tissue-specific serpin (vaspin) concentrations in serum and term
placentas and relate these values to insulin resistance and lipid parameters in women with gestational diabetes mellitus
(GDM). A total of 30 GDM subjects and 27 age-matched pregnant women with normal glucose tolerance (NGT, control) were
included. Serum glucose, glycated hemoglobin (HbA1c), lipid profile, insulin, and vaspin were measured at the end of
pregnancy, and homeostasis model of assessment-insulin resistance (HOMA-IR) values were calculated. Vaspin mRNA and
protein levels in placentas were measured by real-time fluorescence quantitative reverse transcription polymerase chain
reaction (RT-gPCR) and Western blotting, respectively. Serum vaspin levels were significantly lower in the GDM group than in
controls (0.49+0.24 vs 0.83+0.27 ng/mL, respectively; P<0.01). Three days after delivery, serum vaspin levels were
significantly decreased in subjects with GDM (0.36 £0.13 vs 0.49 £0.24 ng/mL, P<0.01). However, in the GDM group, serum
vaspin levels were not correlated with the parameters evaluated. In contrast, in the control group, serum vaspin levels were
positively correlated with triglycerides (TG; r=0.45, P=0.02) and very low-density lipoprotein cholesterol (VLDL-C; r=0.42,
P =0.03). Placental mRNA vaspin (0.60+0.32 vs 0.68 £0.32, P=0.46) and protein (0.30+0.08 vs 0.39+0.26; P=0.33) levels

in the GDM group did not differ significantly from those in the control group, but were negatively correlated with neonatal birth
weight in the GDM group (r=-0.48, P=0.03; r=-0.88; P<0.01). Our findings indicated that vaspin may be an important
adipokine involved in carbohydrate and lipid metabolism and may also play a role in fetal development.
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Introduction

Gestational diabetes mellitus (GDM), defined as any
degree of glucose intolerance with onset or first recogni-
tion of pregnancy (1,2), is a state of chronic insulin
resistance (IR) and occurs in 1-14% of pregnant women
(2). The reported prevalence of GDM varies between 0.6
and 20% of pregnancies, depending on the screening
method used, gestational age, and the population studied
(3). Recently, several cytokines, including leptin (3), C-
reactive protein (CRP) (4), tumor necrosis factor (TNF)-o
(4), adiponectin (3), and visfatin (3), have been associated
with GDM.

Visceral adipose tissue-specific serpin (vaspin) is a
newly discovered adipocytokine secreted mainly by
visceral adipose tissue that has insulin-sensitizing effects
(5). It was identified as a member of a serine protease
inhibitor family, which was originally discovered in the
visceral adipose tissue of an animal model of type 2
diabetes mellitus (T2DM) (5). In rats, vaspin protein
expression and its serum levels increase at the peak of
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obesity and IR, and decrease with the exacerbation of
diabetes (5). Administration of vaspin to obese mice has
been shown to improve glucose tolerance and insulin
sensitivity and reduce food intake (5,6). Thus, vaspin may
become an attractive candidate as a drug for the
treatment of obesity and hyperglycemia (7). The human
vaspin protein is 415 amino acids long, and homology
analysis has indicated that vaspin shares 40.4% identity
with o1-antitrypsin (5). Human serum vaspin concentra-
tions correlate positively with age, body mass index (BMI),
and IR, which are also associated with T2DM (8).
However, the association between circulating vaspin
and insulin sensitivity is controversial in T2DM (9-11).

In normal pregnancy, vaspin is expressed in the
placenta and increases throughout gestation, reaching its
highest level at the end of the third trimester (12). It has
been postulated that vaspin expression in the placenta
may be associated with fetal development (10). At 24-30
weeks of gestation, normal pregnant subjects have
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significantly lower vaspin serum levels than non-pregnant
controls (13). In subjects with GDM, however, vaspin
levels slowly decrease from the 2nd trimester until
delivery. In the 3rd trimester of pregnancy, it has been
reported that vaspin levels are positively correlated with
insulin levels, homeostasis model of assessment-insulin
resistance (HOMA-IR), and triglycerides in subjects with
GDM (14). During pregnancy, IR in women with GDM is
most severe in the third trimester. Therefore, it was
hypothesized that vaspin may play a role in GDM and fetal
development.

To the best of the authors’ knowledge, this is the first
study to investigate serum vaspin concentrations in
pregnant Chinese women and vaspin expression in
GDM placentas at term. Our primary aim was to
investigate maternal serum vaspin levels at term and
postpartum and their relationship to IR, lipid parameters,
and HbA1c. To determine changes in vaspin expression
in the placenta and its association with neonatal birth
weight, we also compared findings in subjects with GDM
to those in pregnant women with normal glucose
tolerance (NGT).

Material and Methods

Subjects and tissue collection

Fifty-seven pregnant women were enrolled at the
Obstetrics and Gynecology Department of Hebei General
Hospital. The group consisted of 30 women with GDM
aged 29.23+2.80 years and 27 age-matched pregnant
women with normal oral glucose tolerance tests (OGTTs)
who served as controls (27.85 +2.41 years). All pregnan-
cies were singletons and required elective cesarean
section owing to breech presentation and/or previous
cesarean section. GDM was diagnosed between 24 and
28 weeks gestation when subjects had one or more
values above the threshold for a 75-g 2-h OGTT
according to the diagnostic criteria of the International
Association of Diabetic Pregnancy Study Group
(IADPSG), in which the values of the 75-g 2-h OGTT
considered normal are: fasting glucose <5.1 mM (92 mg/
dL), 1 h <10.0 mM (180 mg/dL), and 2 h <8.5 mM
(153 mg/dL) between 24 and 28 weeks gestation (15).

All subjects were non-smokers and had not taken any
drugs known to affect carbohydrate metabolism. All GDM
patients were treated by diet alone. Patients with
premature rupture of membranes, pregnancy-induced
hypertension, preeclampsia, or other pregnancy compli-
cations were excluded. All participants were in good
health, without any known disease.

Venous blood samples were collected before cesar-
ean section and 3 days after surgery after an 8-h
overnight fast. Blood samples were collected in tubes
without anticoagulants and centrifuged (999 g, 10 min)
immediately after clotting. The serum samples were
stored at —80°C until analysis. Placental tissues were

Braz J Med Biol Res 48(3) 2015

Y. Huo et al.

obtained during cesarean sections from the maternal side
near the umbilical cord insertion site within 10 min of
delivery, frozen in liquid nitrogen, and stored at —80°C
until analysis.

The protocol was approved by the Human Ethics
Committee of Hebei General Hospital, and all patients
participating in the study gave written informed consent.

Laboratory assays

Blood glucose, total cholesterol (TC), triglycerides
(TG), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), and very low-
density lipoprotein cholesterol (VLDL-C) were analyzed at
the biochemical laboratory of Hebei General Hospital.
Plasma glucose and lipids were determined by routine
methods with the Hitachi 7600-110 Automatic Analyzer
(Japan). Plasma insulin was measured using chemilumi-
nescence assays (Cobas e 601, China). HbA1c was
measured by chromatography (TOSOH Corporation, G8-
90sl, China). Serum vaspin was determined by enzyme-
linked immunosorbent assay (ELISA, Bluegene, China;
sensitivity 0.1 ng/mL, intra-assay coefficient of variance
[CV] <10%, inter-assay CV <10%). Insulin sensitivity
was determined using the HOMA index with the formula
HOMA-IR = fasting insulin (FINS, pU/mL) x fasting
plasma glucose (FPG, mM) /[ 22.5.

Total RNA extraction and RT-qPCR

Total RNA was extracted from the placenta using
TRIzol (Transgen, China) according to the manufacturer’s
instructions, and 1 pg total RNA was reverse transcribed
with a cDNA synthesis kit (Transgen). Two microliters of
each RT reaction were amplified in a 20-uL PCR mix
using UltraSYBR Mixture (cwbiotech, China). The real-
time fluorescence quantitative reverse transcription poly-
merase chain reaction (RT-gPCR) was detected on an
ABI PRISM 7300 sequence detector (Applied Biosystems,
USA). Samples were incubated in the ABI 7300 sequence
detector for initial denaturation at 95°C for 10 min,
followed by 40 PCR cycles each consisting of 95°C for
15 s, 58°C for 20 s, and 72°C for 27 s. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was used as the
internal standard. The primer sequences used for this
study are shown in Table 1 (all the primers were
synthesized by Sangon, China).

Western blot analysis

Placental tissue was weighed and then processed with
a total protein extraction kit (Sangon Biotech, China)
according to the manufacturer’s instructions. Protein
samples were resolved by polyacrylamide gel electro-
phoresis on 10% sodium dodecyl sulfate (SDS)-polyacryl-
amide gels and electrotransferred to polyvinylidene
fluoride (PVDF) membranes. After blocking with Tris-
buffered saline with Tween (TBS-T) with 5% non-fat milk
for 2 h at room temperature, membranes were incubated
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Table 1. Primer sequences for real-time RT-qPCR.
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Gene Forward primer (5'-3') Reverse primer (5'-3)
Vaspin CAAGTTGGCTATGACGATAAGC CAGGAAGGATGAAGATGGC
GAPDH TGAACGGGAAGCTCACTG GCTTCACCACCTTCTTGATG

with the vaspin polyclonal antibody (1:1000, GeneTex,
USA) overnight at 4°C. The immunoreactive bands were
detected by a chemiluminescence detection kit (Tiangen,
China) after incubation with horseradish peroxidase-
labeled rabbit IgG antibody (1:10,000, Proteintech,
USA). The membrane was re-probed with p-actin
(1:5000, Proteintech) as a protein loading control. The
results were analyzed with a White/Ultraviolet
Transilluminator (UV-1l, Gene Company Limited, China).

Statistical analysis

For clinical and anthropometric variables, normally
distributed data are reported as means + SE. For variables
with a non-Gaussian distribution, values are reported as
medians (25-75%). Parametric methods were used for
normally distributed parameters, and comparisons between
groups were performed using one-way analysis of variance
(ANOVA). Non-parametric analyses were performed for
non-normally distributed parameters, and comparisons
between groups performed using Kruskal-Wallis tests with
post hoc Mann-Whitney U tests. Correlation analyses were
performed with Spearman’s or Pearson’s correlation
coefficients, depending on the distribution of the variables.
Statistical significance was accepted at P<0.05. All
statistical analyses were performed using SPSS version
13.0 for Windows (SPSS, USA).

Results

Clinical and demographic characteristics of the
subjects

The characteristics of all participants are summarized
in Table 2. The two groups of pregnant women were
similar in terms of age, gestational age, pre-pregnancy
BMI, and current BMI. The subjects with GDM had
significantly higher fasting glucose values (4.61+0.58 vs
4.23+0.51, P<0.05) and significantly higher HbA1c
(5.88+0.38+0.36 vs 5.48+0.38%, P<0.01) than the
NGT group. There were, however, no significant differ-
ences in plasma lipids, FINS, or HOMA-IR between the
two groups. Current BMI data were analyzed by the
Kruskal-Wallis test and the post hoc Mann-Whitney U
test, and the other data were analyzed by one-way
ANOVA.

Serum vaspin concentrations before and 3 days after
delivery

Serum vaspin concentrations in the two groups are
shown in Figure 1. Prior to delivery, fasting serum vaspin
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concentrations at term were significantly lower in the
GDM group than in the control group (0.49+0.24 vs
0.83+0.27 ng/mL, respectively, P<0.01). Three days
after delivery, serum vaspin concentrations were signifi-
cantly decreased in the GDM group compared to before
delivery (0.36+0.13 vs 0.49+0.24 ng/mL, P<0.01).
Serum vaspin concentrations prior to and 3 days after
delivery were not significantly different in the pregnant
control group (0.83+0.27 vs 0.74 +£0.31 ng/mL, P>0.05).
Data were analyzed by one-way ANOVA.

Vaspin mRNA and protein expression in placenta

Relative placental mMRNA levels of vaspin (0.60+0.32
vs 0.68+0.32, P>0.05; Figure 2A) and protein expres-
sion (0.30+0.08 vs 0.39+0.26, P>0.05; Figure 2B and
C) were not significantly different in the GDM group
compared to the control group. Data were analyzed by
one-way ANOVA.

Correlation between serum vaspin levels and clinical
and demographic characteristics

In the healthy control group, vaspin concentrations
were positively correlated with TG and VLDL-C. There
was no correlation between vaspin and other metabolic
parameters in either group (Table 3). Correlations were
determined with Pearson’s correlation coefficients.

Correlation between serum vaspin levels and
placental vaspin expression

Maternal serum vaspin levels were not associated with
placental vaspin mRNA levels or vaspin protein expres-
sion in the two groups (Table 3). Interestingly, in the GDM
group placental vaspin mRNA and protein expression
were negatively correlated with neonatal birth weight (r=
—0.48, P=0.03; r=-0.88, P<0.01). Correlations were
determined with Pearson’s correlation coefficients.

Discussion

In the current study, serum vaspin concentrations
were significantly decreased at term in GDM subjects
compared to NGT subjects. In contrast, Gkiomisi et al.
(14) and Stepan et al. (16) reported that circulating vaspin
levels were not significantly different between GDM and
healthy pregnant controls in the 2nd or 3rd trimesters of
pregnancy. Previous studies reporting serum vaspin
levels in T2DM patients and obese patients were also
controversial. One study described increased serum
vaspin levels in T2DM patients compared to control
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Table 2. Clinical and demographic characteristics of the gestational diabetes mellitus (GDM) and normal

glucose tolerance (control) groups.

Y. Huo et al.

GDM (n=230) Control (n=27) P
Age (year) 29.23 + 2.80 27.85 + 2.41 0.05
Gestational age (week) 39.21 £ 0.75 39.46 + 0.48 0.14
Current BMI (kg/m?) 30.20 (4.54) 29.04 (3.83) 0.07
FPG (mM) 4.61 £ 0.58 4.23 £ 0.51 0.01
FINS (nU/mL) 12.68 + 4.74 11.63 + 4.91 0.41
HOMA-IR 2.38 (1.48) 2.24 + 1.08 0.18
HbA1c (%) 5.88 + 0.38 5.48 + 0.38 <0.01
TC (mM) 4.67 + 0.89 4.93 £ 0.79 0.16
TG (mM) 3.26 + 1.03 2.80 + 0.93 0.07
HDL-C (mM) 1.32 £ 0.23 1.40 £ 0.26 0.15
LDL-C (mM) 2.73 £ 0.75 2.89 + 0.69 0.31
VLDL-C (mM) 145 + 0.41 1.27 + 042 0.08
Birth weight (g) 3931.67 + 552.34 3603.70 + 423.57 0.02

BMI: body mass index; FPG: fasting plasma glucose; FINS: fasting insulin level; HOMA-IR: HOMA-insulin
resistance index; HbA1c: glycosylated hemoglobin; TC: total cholesterol; TG: triglycerol; HDL-C: high-
density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; VLDL-C: very low-density
lipoprotein cholesterol. Data are reported as means+SE for parametric variables and as median
(interquartile range) for non-parametric variables. Current BMI data were analyzed by the Kruskal-Wallis
test and the post hoc Mann-Whitney U test, and the other data were analyzed by one-way ANOVA.

subjects (17), whereas another found that serum vaspin
levels were lower in women with T2DM than in NGT
controls (8). The discrepancies between the current study
and previous investigations may be due to differences in
the ethnicities or ages of the sample group, sample size,
or GDM severity. In the current study, the HOMA-IR
values were similar in GDM patients and healthy controls.
Previous studies (16,18,19) also reported similar HOMA-
IR levels in GDM and NGT controls. We assume that
similar HOMA-IR levels in GDM and NGT controls might
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Figure 1. Median maternal serum vaspin concentrations in
women with normal glucose tolerance (control) and gestational
diabetes mellitus (GDM) at term (before delivery) and 3 days after
delivery. *P<0.01, compared to control before delivery;
**P<0.01, compared to before delivery (one-way ANOVA).
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be the reason that serum vaspin concentrations were
lower in GDM subjects in the current study.

The underlying mechanisms by which circulating
vaspin levels are decreased in GDM women at term
may be associated with unknown factors, and it remains
to be clarified how vaspin may be linked to the
deterioration of glucose metabolism and insulin sensi-
tivity. Bluher (7) postulated that vaspin inhibits a protease
that has a role in the degradation of a hormone or
molecule with direct or indirect glucose-lowering effects.
Hida et al. (5) found that in Otsuka Long Evans
Tokushima Fatty (OLETF) rats serum vaspin levels
decreased with the amelioration of diabetes and con-
current body weight loss, whereas vaspin serum levels
could be normalized by insulin or pioglitazone treatment.
This suggests that the increase in serum vaspin may
protect against IR (5). Administration of recombinant
vaspin to obese mice has been shown to improve glucose
tolerance and insulin sensitivity (5). Giomisi et al. (13)
reported that vaspin was positively correlated to adipo-
nectin in both pregnant and non-pregnant women, and
postulated that vaspin may act as a protective cytokine in
GDM.

In the present study, subjects with GDM at term had
significantly increased serum FPG and HbA1c levels
compared to the control group. In contrast to previous
studies (13,16), circulating vaspin levels were not
significantly correlated with markers of adiposity, including
BMI, IR (fasting blood glucose), HOMA-IR, and lipid
metabolism (cholesterol, triglycerides).

Interestingly, in the normal pregnant control group
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circulating vaspin was only positively correlated with TG
and VLDL-C. Contrary to the findings of the present study,
Giomisi et al. (13) found a negative correlation between
vaspin and TG in normal pregnancy, and hypothesized
that vaspin may be a marker of lipid metabolism in
pregnancy. The findings of the current study support this
hypothesis; however, the relationship between vaspin and
lipid metabolism requires further investigation.

The results of our study show that maternal vaspin
levels in GDM subjects declined significantly 3 days after
delivery, indicating that maternal serum vaspin may be
partly derived from the placenta. The placenta is
considered an active endocrine organ (20,21) that
produces many cytokines (22,23), including leptin, resis-
tin, visfatin, and TNFa, which are also produced by
adipose cells. Cytokines are secreted by the placenta into
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Figure 2. Real-time RT-gPCR and Western
blotting were performed on gestational diabetes
mellitus (GDM) and normal glucose tolerance
(NGT) term placentas. A, Quantification of
differences in vaspin mRNA expression
between the two groups; B and C, quantification
of differences in vaspin protein expression
between the two groups. B-actin served as an
internal control. One-way ANOVA was used for
statistical analysis.

Control

R e Vaspin

B-actin

the maternal circulation and have an effect on maternal
metabolism to fulfill fetal growth energy demand. Some of
these adipokines are key players in the regulation of
insulin action (23). Caminos (12) found that vaspin was
expressed in cytotrophoblasts and syncytiotrophoblasts in
first-trimester placentas, whereas in the third trimester it
was expressed only in syncytiotrophoblasts. In addition,
vaspin expression in the placenta gradually increased
during pregnancy, reaching its highest level at the end of
gestation. Furthermore, placental vaspin mRNA levels
were significantly elevated in pregnant rats with intrauter-
ine growth restriction compared to control pregnant rats.
Finally, a previous study reported that cord vaspin levels
are significantly higher in small-for-gestational age neo-
nates than in neonates appropriate for gestational age or
large for gestational age (24). Consequently, it is

Table 3. Relationship of vaspin level with various parameters in the gestational diabetes mellitus (GDM)

and normal glucose tolerance (control) groups.

GDM group Control group
r P r P
TC 0.05 0.78 0.17 0.39
TG —-0.04 0.84 0.45 0.02*
HDL-C 0.15 0.45 -0.22 0.28
LDL-C 0.03 0.89 0.29 0.14
VLDL-C -0.27 0.15 0.42 0.03*
Vaspin mRNA 0.43 0.06 0.30 0.19
Vaspin protein 0.25 0.54 0.02 0.96

Data are reported as means + SE. TC: total cholesterol; TG: triglycerides; HDL-C: high-density lipoprotein
cholesterol; LDL-C: low-density lipoprotein cholesterol; VLDL-C: very-low-density lipoprotein cholesterol.
Pearson’s correlation coefficients test was used for statistical analysis.
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postulated that vaspin may have a catabolic function
during pregnancy, and that its levels are modulated by
placental energy status.

This is the first report investigating the expression of
vaspin mRNA and protein in term GDM placentas.
Compared with NGT placentas, vaspin mRNA levels
and protein expression were downregulated in the GDM
placentas; however, this difference was not significant.
Interestingly, in the GDM group placental vaspin mRNA
levels and protein expression were negatively correlated
with neonatal birth weight. The underlying mechanism of
the observation needs further investigation.

We found that maternal serum vaspin levels in GDM
subjects were mismatched with the changes of vaspin
protein expression in the placenta. Interestingly, the
maternal serum vaspin levels in GDM subjects declined
markedly 3 days after delivery. This suggests that vaspin
in the maternal blood may be partly derived from the
placenta. It is hypothesized that vaspin may act locally in
the placenta as a paracrine/autocrine agent and thereby
play a major role in fetal development. As maternal blood
vaspin is not primarily produced by the placenta, future
studies investigating the relationship between vaspin and
fetal development should be performed.

There are two major limitations of the current study.
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