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Abstract
Objective This study aimed to investigate the concentration of Wingless-type (Wnt)-inducible signaling pathway protein-1 
(WISP1) in the serum, and its expression in the abdominal subcutaneous adipose tissue (SAT), and placenta of women with 
gestational diabetes mellitus (GDM).
Methods A total of 69 patients with GDM and 71 pregnant women with normal glucose tolerance (NGT, control) were 
recruited. Carbohydrate metabolism, alanine aminotransferase (ALT), lipid profiles, thyroid function, interleukin-6 (IL-6), 
and WISP1 levels were assessed. Fasting sera were collected between 25 and 30 weeks of gestation. Tissues of placenta and 
abdominal SAT samples were obtained from 24 women who had undergone cesarean section and were divided into a GDM 
group and a control group. Reverse transcription polymerase chain reaction (RT-PCR) and western blot were used to detect 
the WISP1 expression.
Results The serum WISP1 concentrations were higher in the GDM group than in the control group (p < 0.01) and positively 
associated with body mass index (BMI), fasting glucose, fasting insulin, HOMA-insulin resistance (HOMA-IR), and IL-6 
levels. BMI, fasting glucose, and HOMA-IR independently and positively predicted WISP1 levels. Further, WISP1 mRNA 
and protein expression were higher in tissues from the placenta and abdominal SAT from the GDM group (p < 0.01).
Conclusions WISP1 may be an important adipokine in modulating carbohydrate metabolism in women with GDM.
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Introduction

Gestational diabetes mellitus (GDM) is a common condition 
that occurs in up to 16% of pregnant women in high-risk 
populations [1]. Hyperglycemia during pregnancy can result 
in adverse pregnancy outcomes in both fetus and the mother. 
Macrosomia, premature rupture of membranes, and preec-
lampsia are more common in patients with GDM [2]. A good 
mental health status as well as regular exercises and a good 
diet will help the diabetic mother to achieve good glycemic 
control [3–5]. In addition, women with previously diagnosed 
GDM are approximately 30% more likely to develop type 
2 diabetes within 10 years [6]. It is worth noting that the 

incidence of GDM has increased rapidly over the past dec-
ade as the global rate of obesity has increased [7].

The pathophysiology of GDM is not fully understood cur-
rently. Accumulating evidence indicates that the maternal 
adipose tissue plays an important role in pathogenesis of 
GDM [8]. Maternal obesity is considered to be one of the 
important variable risk factors. Recently, the role of inflam-
mation as a regulator of metabolic disorder in obesity has 
received increasing attention [9]. Adipose tissue not only 
stores energy, but also modulates the endocrine function by 
secreting molecules known as adipokines or adipocytokines. 
Dysfunction of adipose tissue can cause low grade chronic 
inflammation and insulin resistance [10]. The risk of GDM 
is higher in overweight and obese women, and this may be 
partly related to adipokines released from the adipose tis-
sue [11].

The placenta is not only an additional source of sys-
temic cytokines during pregnancy, but also a target of 
cytokine action [12]. Studies have confirmed that chronic 
inflammation in the placenta tissue during pregnancy with 
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obesity and GDM play an important role in determining 
the fetal environment [13, 14]. Moreover, maternal obesity 
and GDM have been related to changes in maternal–fetal 
transport of nutrients [15].

Wingless-type (Wnt)-inducible signaling pathway 
protein-1(WISP1) was recently identified as a novel adi-
pokine. The expression of WISP1 correlates with index of 
insulin resistance and inflammation. In addition, treatment 
of macrophages with WISP1 may lead to pro-inflammatory 
responses [16]. Barchetta et al. [17] indicated that WISP1 
expression increased in obese subjects and was linked with 
higher levels of C-reactive protein and interleukin (IL)-8 in 
adipocytes. Wang et al. [18] found that the level of serum 
WISP1 was correlated to increased adiponectin, leptin, and 
IL-18 expression, as well as with markers of insulin resist-
ance. They confirmed that higher WISP1 expression was 
linked with increased adipocyte inflammation. In another 
study, Jung et al. [19] found that treatment with WISP1 
significantly induced inflammation in hepatocytes and in 
the skeletal muscle cells of mice. These studies suggest 
that WISP1 may play an active part in the pathogenesis 
of chronic inflammation-related diseases such as obesity.

WISP1 mRNA expression has also been detected in the 
placenta and pancreas [20]. However, there is a lack of 
data regarding expression of WISP1 in adipose tissue and 
the placenta during pregnancy, particularly under condi-
tions such as GDM. In this study, we measured the levels 
of WISP1 in serum and changes of WISP1 expression in 
the abdominal subcutaneous adipose tissue (SAT) and pla-
centa of patients with GDM and pregnant women with 
NGT.

Material and methods

Study design and subjects

The subjects were divided into a GDM group and a normal 
glucose tolerance (NGT, control) group. Inclusion criteria 
for pregnant women include the following: (1) women who 
had singleton pregnancies; (2) women who had no cur-
rent regular medications; and (3) women without history 
of glucose intolerance. Exclusion criteria are patients with 
adverse medical conditions (pregnancy-induced hyperten-
sion, preeclampsia, premature membrane rupture). GDM 
was diagnosed according to the criteria of the International 
Association of Diabetic Pregnancy Study Group (IADPSG). 
Oral glucose tolerance test (OGTT) was conducted using 
75 g glucose loading at 24–28 weeks, and diagnosis of 
GDM was made by either a fasting venous glucose level 
of ≥ 5.1 mmol/L, or 1 h ≥ 10.0 mmol/L, or 2 h ≥ 8.5 mmol/L 
[21].

Study 1 population: effect of GDM on circulating maternal 
WISP1 levels

A total of 140 serum samples were collected from Chinese 
pregnant women with regular follow-up between 25 and 
30 weeks of gestation visiting the outpatient department of 
Shengjing Hospital of China Medical University. Body mass 
index (BMI) was assessed at the day of inclusion. Whole 
blood samples were immediately centrifuged at 1,000 rpm 
for 5 min, and then serum samples were collected and stored 
at − 80 ℃ for further analysis.

Fasting plasma glucose (FPG) was detected by an auto-
mated glucose oxidase method using Olympus AU5800 
(Tokyo, Japan). Fasting serum insulin (FIN) levels were 
determined using chemiluminescence assays (Huamei 
Biotech, Wuhan, China). Hemoglobin A1c (HbA1c) level 
was examined by high performance liquid chromatography 
(HPLC) using D-10 Hemoglobin Testing System (Bio-Rad, 
Shanghai, China). Blood triglyceride (TG), high-density 
lipoprotein cholesterol (HDL-C), low-density lipoprotein 
cholesterol (LDL-C), and alanine aminotransferase (ALT) 
levels were determined by routine methods with an Olym-
pus AU 5400 Automatic Analyzer (Tokyo, Japan). Thyroid 
function was detected by chemiluminescence immunoassay 
with commercially available diagnostic kits (Mingde Bio-
tech, Wuhan, China). Insulin resistance was expressed by 
the HOMA-insulin resistance (HOMA-IR) index (HOMA-
IR = FPG (mmol/L) × FIN (μU/mL) / 22.5). The concentra-
tions of serum WISP1 and IL-6 were evaluated with the 
enzyme-linked immunosorbent assay (ELISA) method 
(Cloud-Clone Corp, Wuhan, China) according to the manu-
facturer’s instructions.

Study 2 population: effect of GDM on adipose tissue 
and placental WISP1 gene expression

All participants in this study signed written informed con-
sent. Pregnant women were selected for cesarean section in 
Shengjing Hospital of China Medical University, including 
12 cases in GDM group and 12 cases in NGT group, respec-
tively. All pregnant women in Study 2 have clinical indica-
tions to perform cesarean section. The maternal side of the 
placenta tissue and abdominal SAT (~ 1  cm3) were collected 
from the pregnant woman shortly after delivery.

RNA extraction and quantitative RT‑PCR (qRT‑PCR)

Total RNA was isolated from the placental tissue and abdomi-
nal SAT with Trizol reagent (Ambion, TX, USA). Then, 1 µg 
of total RNA was converted to cDNA using a cDNA synthesis 
kit (Transgen, Beijing, China). The cDNA was diluted ten-
fold and 2 µL was taken for RT-PCR using an Exicycler 96 
(Bioneer, South Korea) and 100 nM of primers. The samples 
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were incubated in the Exicycler 96 for 40 PCR cycles accord-
ing to the manufacturer’s instructions. The primer sequences 
were shown in Table 1.

Western blot

Total protein of placental tissue and abdominal SAT was 
extracted with radioimmunoprecipitation assay lysis buffer. 
Protein concentration was determined using the bicinchoninic 
acid (BCA) protein assay (Beyotime, Shanghai, China). Pro-
tein samples were separated by 10% sodium dodecyl sulfate 
(SDS)-polyacrylamide gel electrophoresis and transferred 
onto polyvinylidene fluoride (PVDF) membranes. After 1 h 
of blocking with 5% non-fat milk at 2 5 ℃, the membranes 
were incubated with anti-WISP1 polyclonal antibody (1:1000; 
Boster, Wuhan, China) overnight at 4 ℃. The membranes 
were then incubated with horseradish peroxidase-conjugated 
secondary antibodies (1:5000; Wanleibio, Shenyang, China) 
for 2 h at 25 ℃. The immune complexes were observed with 
enhanced chemiluminescence reagent kit. Band strength was 
quantified using Gel-Pro-Analyzer software, and data were 
expressed as a ratio of the WISP1 and GAPDH integral optic 
density (IOD) values.

Statistical analysis

Data are presented as the mean ± standard deviation (SD) and 
Student’s t tests were used to analyze two sample comparisons. 
Univariate and multivariate regression analyses were utilized 
to identify independent variables of WISP1. The level of sig-
nificance was considered at p < 0.05. All statistical analyses 
were performed using SPSS 13.0 program (SPSS, Chicago, 
IL, USA).

Results

Clinical and demographic characteristics 
of the subjects in Study 1

A total of 140 subjects were enrolled, including 69 patients 
in the GDM group and 71 in the control group. The clinical 
and biochemical characteristics of the two groups are shown 
in Table 2. Compared to the control group, GDM women 
had higher fasting glucose levels (5.45 ± 1.37 vs. 4.82 ± 1.41, 
p = 0.008), fasting insulin levels (13.89 ± 8.07 vs. 10.23 ± 7.64, 
p = 0.007), HbA1c (5.32 ± 0.84% vs. 4.97 ± 0.73%, p = 0.009), 

HOMA-IR (3.63 ± 1.34 vs. 2.42 ± 0.97, p < 0.001), and IL-6 
(2.25 ± 0.51 vs. 1.92 ± 0.45, p < 0.001) values. However, there 
was no difference with respect to age, BMI, ALT, FT3, FT4, 
sTSH, TG, LDL-C, or HDL-C levels between the two groups.

Serum WISP1 concentration was higher in the GDM 
group

As shown in Fig. 1, the serum WISP1 concentrations were 
higher in the GDM group compared with that in the control 
group (2.29 ± 0.35 vs. 1.40 ± 0.30, respectively, p < 0.01).

Correlation between serum WISP1 levels and clinical 
and demographic characteristics

By using bivariate correlation analyses, we found that 
WISP1 was positively correlated with BMI (r = 0.332, 
p < 0.001), fasting glucose (r = 0.306, p < 0.001), fasting 

Table 1  Primer sequences for 
real-time PCR

Primer Forward primer (5’-3’) Reverse primer (5’-3’)

WISP1 AGG TAT GGC AGA GGT GCA AG TTG CCT TTG GTA TTT GTG TCC 
GAPDH TAT TAA CGG ATT CGG TCG CAC ATT AAG GGT GGT GCA 

Table 2  Demographic and clinical data of participants—Study 1 pop-
ulation 

BMI body mass index; ALT alanine aminotransferase; HOMA-IR 
HOMA-insulin resistance; HbA1c glycosylated hemoglobin; FT3 free 
triiodothyronine; FT4 free thyroxine; sTSH sensitive thyroid stimulat-
ing hormone; TG triglyceride; LDL-C low-density lipoprotein choles-
terol; HDL-C high-density lipoprotein cholesterol; IL-6 interleukin-6. 
Data represent the mean ± SD. **p < 0.01

Category GDM (n = 69) Control (n = 71) P

Age (years) 31.45 ± 3.23 31.23 ± 3.64 0.706
Gestational age 

(weeks)
26.0 ± 4.0 27.0 ± 3.7 0.127

BMI (kg/m2) 26.53 ± 3.34 26.12 ± 3.23 0.462
ALT (U/L) 16.4 ± 9.83 19.2 ± 10.72 0.110
Fasting glucose 

(mmol/L)
5.45 ± 1.37 4.82 ± 1.41 0.008**

Fasting insulin (mU/
mL)

13.89 ± 8.07 10.23 ± 7.64 0.007**

HOMA-IR 3.63 ± 1.34 2.42 ± 0.97 < 0.001**
HbA1c (%) 5.32 ± 0.84 4.97 ± 0.73 0.009**
FT3 (pmol/mL) 4.31 ± 0.42 4.42 ± 0.54 0.182
FT4 (pmol/mL) 12.18 ± 3.90 13.12 ± 3.28 0.125
sTSH (mIU/L) 1.66 ± 0.87 1.67 ± 0.85 0.945
TG (mmol/L) 1.85 ± 0.56 1.98 ± 0.71 0.231
LDL-C (mmol/L) 2.57 ± 0.59 2.73 ± 0.66 0.133
HDL-C (mmol/L) 1.52 ± 0.56 1.65 ± 0.69 0.223
IL-6(pg/mL) 2.25 ± 0.51 1.92 ± 0.45 < 0.001**
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insulin (r = 0.246, p = 0.003), HOMA-IR (r = 0.296, p < 0.001), 
and IL-6 (r = 0.182, p < 0.031). In contrast, circulating WISP1 
levels were not significantly correlated with age, HbA1c, FT3, 
FT4, sTSH, ALT, TG, HDL-C, or LDL-C levels (Table 3). 
Multivariate regression analysis demonstrated that BMI 

(β = 0.142, p < 0.001), fasting glucose (β = 0.216, p = 0.003), 
and HOMA-IR (β = 0.125, p = 0.005) independently and 
positively predicted serum WISP1 levels (Table 3).

Demographics of the subjects at cesarean section 
in Study 2

The demographics of the Study 2 population are shown in 
Table 4: there were no statistical differences between the 
control and GDM groups (p > 0.05).

WISP1 expression was upregulated in the placenta 
and SAT of GDM group

As shown in Fig. 2, compared to the control group, the 
WISP1 mRNA expression was significantly upregulated 
in the maternal placenta and abdominal SAT of the GDM 
group (p < 0.01). Similarly, the WISP1 protein expression 
was significantly upregulated in the maternal placenta 
(0.532 ± 0.162 vs. 0.323 ± 0.128, p < 0.01) and abdominal 
SAT (0.398 ± 0.032 vs. 0.201 ± 0.053, p < 0.01) of the GDM 
group than that in the control group (Fig. 3).

Discussion

In this study, we analyzed WISP1 levels in a population of 
women with GDM and a group of age and gestational week-
matched NGT pregnant controls. Our results revealed that 
circulating WISP1 level was higher in GDM patients and 
correlated with fasting glucose and insulin levels, indicating 
that WISP1 is positively correlated with glucose intolerance.

WISP1 is thought to contribute to inflammatory events in 
metabolic diseases and insulin resistance through different 
pathways [22]. Barchetta et al. [17] found that WISP1 level 
was increased in obese individuals and was directly related 
to adiposity. A recent study on GDM in China showed 
that WISP1 level was positively correlated with fasting 
blood glucose, ALT, and systolic blood pressure and was 
negatively correlated with HDL-C [23]. Another study on 
GDM in the USA showed that WISP1 was positively cor-
related with BMI, fasting blood glucose and fasting insulin, 
HOMA-IR, and TG [24]. Our findings are consistent with 

Fig. 1  Maternal serum WISP1 concentrations in the GDM (n = 69) 
and control (n = 71) groups between weeks 25 and 30 of gestation. 
*p < 0.01, compared with the control group

Table 3  Univariate and multivariate regression analyses of WISP1

Category Univariate Multivari-
ate regression 
analyses

r P β P

Age (years) 0.015 0.860
BMI (kg/m2) 0.332  < 0.001 0.142  < 0.001
ALT (U/L) 0.134 0.114
Fasting glucose (mmol/L) 0.306  < 0.001 0.216 0.003
Fasting insulin (mU/mL) 0.246 0.003
HOMA-IR 0.296  < 0.001 0.125 0.005
HbA1c (%) 0.112 0.186
FT3 (pmol/mL)  − 0.111 0.192
FT4 (pmol/mL)  − 0.079 0.351
sTSH (mIU/L)  − 0.084 0.323
ALT (U/L) 0.082 0.331
TG (mmol/L) 0.040 0.641
LDL-C (mmol/L) 0.052 0.542
HDL-C(mmol/L)  − 0.131 0.123
IL-6(pg/mL) 0.182 0.031

Table 4  Demographic and clinical data of participants—Study 2 pop-
ulation 

Category Control (n = 12) GDM (n = 12) P

Age (years) 31.78 ± 2.65 31.23 ± 2.43 0.601
BMI (kg/m2) 26.25 ± 3.14 26.54 ± 3.24 0.826
Gestational age (weeks) 37.18 ± 2.37 38.24 ± 2.62 0.310
Birth weight (kg) 3.65 ± 0.23 3.82 ± 0.26 0.103
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these studies with respect to the association of WISP1 and 
fasting glucose and fasting insulin levels. The discrepancies 
between our study and previous researches may be related to 
differences in the sample size, study population, and GDM 
severity.

WISP1 is a recently discovered adipokine that is secreted 
by adipocytes and stimulates cytokine responses in mac-
rophages. The release of WISP1 was significantly increased 

during adipocyte differentiation; thus, fat cells are probably 
a main source of WISP1 released into the blood circulation 
[16]. Our study supports this hypothesis as we found that 
SAT from women with GDM displayed significantly higher 
WISP1 expression and release. The mechanisms underlying 
increased circulating WISP1 levels in women with GDM 
may be related to unknown factors, while the relationship 
between WISP1 and deterioration of glucose metabolism 

Fig. 2  Relative WISP1 mRNA 
levels in the placentae and SAT 
of the GDM and control groups. 
SAT: subcutaneous adipose 
tissue. A and B Quantification 
of the differences in the WISP1 
mRNA levels in the placenta 
and SAT between the GDM and 
control groups (n = 12 for each 
of the placenta and SAT sample 
per group). GAPDH served as 
an internal control. *p < 0.01, 
compared with the control 
group

Fig. 3  Western blot analysis of 
the WISP1 protein levels in the 
placentae and SAT of the GDM 
and control groups. SAT: subcu-
taneous adipose tissue. A and B 
Quantification of the differences 
in the WISP1 protein levels in 
the placenta and SAT between 
the GDM and control groups 
(n = 12 for each of the placenta 
and SAT sample per group). 
GAPDH served as an internal 
control. *p < 0.01, compared 
with the control group
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and insulin sensitivity remains to be elucidated. It is plau-
sible that the increased WISP1 levels with adipose tissue 
inflammation may induce adipose tissue remodeling and 
aberrant fibrogenesis, which, in turn, may be responsible 
for the loss of adipose tissue function, insulin resistance, and 
downstream consequences [25, 26].

Our data are also consistent with the notion that WISP1 
may interfere with insulin signaling in insulin target tissues. 
For instance, WISP1 can inhibit insulin-mediated protein 
kinase B (Akt) phosphorylation, which regulates multiple 
important aspects of glucose metabolism [27, 28]. Contrary 
to this, during pancreatic regeneration, WISP1 is one of 
several overexpressed genes, suggesting that WISP1 may 
exert reparative effects during GDM [29]. Moreover, dur-
ing oxidative stress WISP1 can upregulate phosphoinositide 
3-kinase (PI3-K) and Akt to protect against DNA damage 
[30]. These studies suggest that WISP1 may play dual roles 
in modulating glucose homeostasis, and further studies 
are needed to elucidate its underlying pathophysiological 
mechanisms.

Our study found that WISP1 expression also significantly 
increased in the placentas of the GDM group compared to 
that in the control group. As an endocrine organ, the pla-
centa can secrete many cytokines through adipocytes, which 
are well known to be essential for maintaining a normal 
pregnancy [31]. The placenta plays an important role in the 
mediation of chronic inflammation response in women with 
GDM. For instance, in the adaptive response to obesity dur-
ing pregnancy, the function and structure of the placenta 
may be changed, and some adipocytokines are also co-
secreted by the placenta [32]. Numerous researches have 
indicated an increase in inflammatory mediators in the pla-
centas of women with obesity-related GDM [33, 34]. Some 
changes found in the placenta when maternal obesity may be 
adaptations to limit the fetal exposure to inflammation and 
oxidative stress [35]; however, inflammatory mediators may 
also work in utero, causing the fetal adipose tissue, skeletal 
muscle, and liver to develop insulin resistance in later life 
[36]. Recently, in a pregnant rat model with a predisposition 
to obesity, maternal obesity was shown to decrease placental 
efficiency and cause significant placental lipid accumulation 
by aberrantly activating placental Wnt signaling, indicating 
that the placentas of obese rats were less effective at support-
ing fetal development compared to those of lean rats. Wnt 
signaling can also contribute to obesity-associated meta-
bolic disorder by increasing placental inflammation [37]. 
As a downstream target of Wnt signaling, WISP1 has been 
shown to impact multiple other signal transduction pathways 
to affect cellular injury and cellular proliferation [38].

To our knowledge, this is the first study to compare the 
expression of WISP1 in the abdominal SAT and placental 
tissue in individuals with GDM and controls. There are 
two major limitations of this study. Firstly, since this is a 

descriptive study, further studies are needed to fully eluci-
date the pathophysiological processes underlying our obser-
vations and their possible clinical implications. Secondly, 
the sample size in this study was limited; therefore, similar 
researches with a larger cohort are needed to confirm our 
observations.

Conclusion

In conclusion, this study presents novel data showing 
increased plasma WISP1 levels and increased WISP1 
expression in the abdominal SAT and placenta of women 
with GDM. Our current findings may support the hypoth-
esis that WISP1 plays a role in the pathogenesis of GDM. 
Although the physiological and pathological significance of 
these findings remains unclear, they may explain a mecha-
nism by which insulin resistance occurs in pregnant women 
with GDM.

Data availability The datasets generated and analyzed during the pre-
sent study are available from the corresponding author on reasonable 
request.
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