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Abstract
Aims  Gestational diabetes mellitus (GDM) is defined as glucose intolerance that is first diagnosed during pregnancy. Mater-
nal adipose tissue and fetal membranes secrete various molecules that are relevant players in the pathogenesis of GDM. This 
pilot study aimed to examine whether the expression of the high mobility group box 1 protein (HMGB1) and its receptor for 
advanced glycation end products (RAGE), and the vasoactive intestinal peptide (VIP) and its receptors (VPAC-1,-2) were 
modified in pregnant women with GDM.
Methods  Fetal membranes (FMs), omental adipose tissue (VAT) explants, and serum samples were obtained from 12 
women with GDM and 12 with normal glucose tolerance (NGT) at delivery. The expression of HMGB1, RAGE and VIP, 
VPAC-1,-2 was detected by Western Blotting in explants; circulating levels and “in vitro” release of HMGB1 and VIP were 
measured by ELISA tests.
Results  HMGB1 tissue expression was higher in FMs obtained from GDM women (p = 0.02) than in FMs from NGT women. 
VPAC2 (p = 0.03) and RAGE (p = 0.03) tissue expressions were significantly increased in VAT from GDM subjects. Only 
FMs of NGT released detectable levels of HMGB1, which was not observed in samples obtained from GDM. VAT of GDM 
released lower levels of VIP (p = 0.05) than NGT samples.
Conclusions  This study indicates that a fine tuned regulation exists between FMs and VAT throughout pregnancy to main-
tain immune metabolic homeostasis. In GDM a balance between inflammatory and anti-inflammatory mediators has been 
observed. Further studies are needed to establish their exact role on fetal and maternal outcomes in GDM.

Keywords  Gestational diabetes mellitus · Fetal membranes · Visceral adipose tissue · High mobility group box 1 protein · 
Vasoactive intestinal peptide · Inflammation

Introduction

Gestational diabetes mellitus (GDM) is one of the most 
common metabolic disorders in pregnancy, with possible 
deleterious effects both on the mother and on the offspring 
[1, 2]. Its worldwide prevalence is rising (1–36% affected 
pregnancies) probably because of growing maternal obesity 
[3]. Excess adiposity and obesity are important risk factors 
for GDM; both conditions contribute to the increased risk 
of type 2 diabetes (T2D) in women with a history of GDM 
[4, 5] and of childhood obesity and metabolic diseases in 
children born to GDM mothers, later in life [6]. Despite the 
considerable public health relevance of GDM and the con-
spicuous economic impact, its pathophysiological mecha-
nisms are not completely understood.
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During pregnancy, both maternal and fetal tissues are 
actively involved in maintaining metabolic and immune 
homeostasis to support maternal modifications and fetal 
growth until delivery [7, 8]. Metabolic and inflammatory 
changes occurring in physiological pregnancy appear to 
be exacerbated in GDM. Several factors, whose functions 
are not completely clear, might contribute to maintain the 
diabetic status [9]. In support, adipose tissue [9] and fetal 
membranes synthesize and secrete a large array of molecules 
at different stages of gestation [8] and exert immune, meta-
bolic and mechanic effects, which might promote pregnancy 
complications as well. Among the known pro-inflammatory 
factors, the high mobility group box 1 (HMGB1) molecule 
has recently received attention because circulating levels of 
HMGB1 were found to be increased in patients with T2D 
[10] and in plasma of GDM women in the third trimes-
ter of pregnancy [11]. HMGB1 is a well-known alarming 
molecule, which can activate pro-inflammatory response 
by interacting with multiple receptors, such as receptor for 
advanced glycation end products (RAGE). It can be actively 
secreted by immune and nonimmune cells into the extracel-
lular space, or passively released by necrotic cells. Thus, 
HMGB1 appears to be a critical molecular target in multiple 
human diseases, including infections, ischemia, immune dis-
orders, neurodegenerative diseases, metabolic disorders, and 
cancer [12]. Furthermore, the high levels of HMGB1 found 
in spontaneous preterm birth (PTB) indicate its involvement 
in sterile inflammation [13]. Increasing evidence suggests 
a role of HMGB1 pathway in the regulation of metabolic 
processes. Obesity alters HMGB1 expression and secretion 
by adipose tissue [14] and RAGE overexpression induces 
adipocyte hypertrophy in 3T3-L1 cells, in association with 
reduced levels of glucose transporter type 4 (GLUT-4), and 
attenuation of insulin sensitivity [15]. Recent data showed 
that the neuropeptide vasoactive intestinal peptide (VIP) 
participates in maintaining immune homeostasis at an early 
stage of pregnancy with anti-inflammatory and tolerogenic 
effects [16]. VIP is produced by cells of the immune system 
and expressed in both central and peripheral nervous sys-
tems. It acts as a neurotransmitter and a neuromodulator in 
nearly all tissues, exerting a wide variety of biologic effects 
[17]. VIP mediates anti-inflammatory, immunomodula-
tory, neuroprotective and antidiabetic effects by binding its 
specific and widespread membrane receptors VPAC1 and 
VPAC2 [18]. VIP–VPACs pathway influences the produc-
tion of inflammatory cytokines and chemokines by mac-
rophages [19], and promotes Th2 differentiation [20]. Of 
interest, VIP contributes to the control of feeding behavior 
[21], and VPAC2 agonists can stimulate glucose-dependent 
insulin secretion [18].

In this pilot study, we examined the hypothesis that the 
expression of HMGB1/RAGE and VIP/VAPC1-2 in fetal 
membranes and visceral adipose tissue could be altered in 

pregnant women with GDM. Moreover, any association 
between these mediators of inflammation and metabolic 
parameters in GDM was investigated.

Materials and methods

Ethics statements

The study was conducted in accordance with the ethical 
standards laid down in the 1964 Declaration of Helsinki 
and its later amendments. It was approved by the local eth-
ics committee and all subjects provided written informed 
consent.

Subjects and tissues collection

Twenty-four (n = 24) pregnant women: 12 with gestational 
diabetes mellitus (GDM) and 12 with normal glucose toler-
ance (NGT) scheduled for elective cesarean section were 
recruited in the outpatient clinics of Policlinico Umberto 
I, “Sapienza” University Hospital of Rome. Diagnosis of 
GDM was defined in accordance with current recommenda-
tions [22]. Specifically, an oral glucose tolerance test with 
75 g glucose was performed at 24–28 weeks of gestation 
and glycemia was measured at baseline, 60 and 120 min 
after load. The glycemia thresholds which established the 
presence of GDM were 92 mg/dl at 0′, 180 mg/dl at 60′ 
and 153 mg/dl at 120′. All subjects were enrolled at third 
trimester of pregnancy. Women with non-Caucasian ethnic-
ity; pre-pregnancy BMI ≥ 35 kg/m2; pre-pregnancy impaired 
fasting glucose (100–125 mg/dl); multiple or induced preg-
nancy; infectious, inflammatory and autoimmune diseases; 
polycystic ovary syndrome; psychiatric diseases; alcohol 
and drug abuse and steroid therapy were excluded. Clinical 
and biochemical parameters of the subjects are presented in 
Table 1. Six patients with GDM were treated with diet only, 
and the other six with insulin. Anthropometric/vital (weight, 
BMI, blood pressure and heart rate) and laboratory param-
eters were obtained (Table 1). Information about therapy for 
GDM (diet or insulin) and other therapies was also acquired 
(antihypertensive, other drugs). Fetal ultrasound parameters 
at third trimester and delivery data were collected (Table 2).

Maternal visceral omental adipose tissue (VAT), fetal 
membranes (FMs; amnion and corion) and a maternal 
venous blood sample were obtained from GDM and NGT 
women who delivered healthy, singleton infants at term 
(> 37  weeks gestation). FMs and VAT were collected 
immediately after the cesarean section (CS), delivered to 
laboratory within 15 min and processed immediately. Blood 
samples without anticoagulant were centrifuged and serum 
samples were aliquoted and stored at − 80 °C until assay.
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Omental adipose tissue explants and culture

Pieces of maternal VAT were obtained from women with 
GDM (n = 12) and with NGT (n = 12). The tissue biopsies 
were blunt dissected to remove visible connective tissue and 
vessels, then washed in 0.9% NaCl, and cut into ~ 200 mg 
tissue samples and incubated at 37 °C in 2 ml of low glu-
cose, serum-free DMEM containing 1% BSA for 18 h. After 
incubation both tissue and medium were collected and stored 
separately at − 80 °C for further analysis.

Fetal membrane explants and culture

After delivery of placenta, samples of macroscopically rec-
ognized fetal membranes (FMs; amnion and corion) were 

collected immediately with a surgical blade quite distant 
from both the free edge and the placental plate.

Tissue samples were washed several times with saline 
buffer solution to remove blood and clots, then put in Petri 
multi-plates containing RPMI 1640 culture medium (Gibco, 
Grand Island N.Y.) 2 ml, penicillin (100 U/ml) and strepto-
mycin (100 mg/ml) and incubated for 24 h in atmosphere 
of 95% air and 5%CO2. At the end of incubation time, the 
culture media and tissue samples were collected and stored 
at − 80 °C. Representative samples of FMs were examined 
histologically and consisted of amnion, chorion and in a 
minor part of decidual cells.

Western blotting

Tissue lysates and Western blotting were prepared as previ-
ously described [23].

Immunoblotting analysis was carried out using specific 
antibodies for HMGB1 (R & D Systems, Minneapolis, 
MN, USA), RAGE (clone DD/A11 Millipore), VIP (M-19, 
SC7841, Santa Cruz Biotechnology, Santa Cruz, CA), 
VPAC1(H-130; SC-30019 Santa Cruz),VPAC2 (H-50, 
SC-30020, Santa Cruz). Blots were treated with appro-
priate secondary antibodies conjugated with horseradish 

Table 1   Clinical and biochemical parameters of subjects

LDL low-density lipoprotein, HbA1c glycated hemoglobin, eGFR 
estimated glomerular filtration rate, CKD EPI chronic kidney disease 
epidemiology collaboration, TSH thyroid-stimulating hormone, BMI 
body mass index, GDM gestational diabetes mellitus, HDL high-den-
sity lipoprotein
*p < 0.05. Data are expressed as mean value ± standard deviation or 
frequency

NGT (n = 12) GDM (n = 12) p

Age (years) 33.0 ± 6.2 35.3 ± 4.0 0.30
Gestational week (n) 37.0 ± 1.1 36.4 ± 1.2 0.23
Pre-pregnancy BMI (kg/m2) 24.5 ± 4.2 27.3 ± 3.4 0.09
Weight increase (kg) 11.2 ± 4.4 7.6 ± 7.2 0.16
III trimester BMI (kg/m2) 28.0 ± 4.0 30.1 ± 2.5 0.12
Nulliparity (n) 3 0 0.22
Gestational hypertension (n) 0 3 0.22
Systolic blood pressure 

(mmHg)
110.0 ± 11.0 110.4 ± 10.4 0.93

Diastolic blood pressure 
(mmHg)

69.6 ± 5.4 71.3 ± 10.0 0.61

Insulin therapy (n) – 6 –
Total cholesterol (mg/dl) 300.1 ± 71.1 254.3 ± 68.1 0.17
HDL cholesterol (mg/dl) 75.1 ± 12.1 64.2 ± 12.2 0.07
LDL cholesterol (mg/dl) 182.6 ± 81.1 152.4 ± 56.0 0.43
Triglycerides (mg/dl) 252.1 ± 116.8 275.1 ± 117.4.3 0.68
Non-HDL cholesterol (mg/dl) 225.0 ± 79.5 190.0 ± 64.7 0.31
HbA1c (%) 5.0 ± 0.1 5.1 ± 0.6 0.86
eGFR MDRD (ml/

min/1.73 m2)
130.0 ± 16.3 122.6 ± 21.7 0.39

eGFR CKD EPI (ml/
min/1.73 m2)

125.2 ± 5.2 121.8 ± 9.3 0.29

TSH (µUI/ml) 2.6 ± 1.4 1.7 ± 1.7 0.17
C-Reactive Protein (µg/l) 4642 ± 2306 4875 ± 3399 0.88
Ferritin (µg/l) 18.2 ± 11.1 26.2 ± 28.6 0.42
Fibrinogen (g/l) 4.6 ± 0.8 4.9 ± 0.7 0.34
Leukocytes (109/l) 8.8 ± 1.7 8.9 ± 2.6 0.72

Table 2   Fetal ultrasound and neonatal parameters

HC head circumference, AC abdominal circumference, ARDS acute 
respiratory distress syndrome
*p < 0.05. Data are expressed as mean ± standard deviation or fre-
quency

NGT (n = 12) GDM (n = 12) p

Fetal ultrasound parameters
 Gestational week (n) 33.9 ± 2.0 34.3 ± 2.2 0.63
 Abdominal circumference 

(mm)
298.1 ± 25.0 307.8 ± 27.1 0.42

 Head circumference (mm) 308.6 ± 18.2 293.7 ± 48.9 0.46
 HC/AC ratio 1.05 ± 0.06 0.97 ± 0.18 0.30
 Bi-parietal diameter (mm) 85.8 ± 4.5 86.0 ± 4.6 0.93
 Femur length (mm) 64.9 ± 4.7 67.8 ± 4.2 0.14
 Humerus length (mm) 58.0 ± 4.1 60.8 ± 5.3 0.20
 Estimated fetal weight (g) 2308 ± 509 2535 ± 473 0.27

Neonatal parameters
 Weight (g) 3292 ± 356 3182 ± 420 0.50
 Head circumference (cm) 34.8 ± 1.2 34.5 ± 1.3 0.58
 Length (cm) 49.1 ± 1.4 49.0 ± 1.6 0.82
 Gestational week at delivery 

(n)
38.8 ± 0.8 38.5 ± 1.0 0.39

 Apgar 5′ 9.3 ± 0.6 9.6 ± 0.5 0.17
 Male/female (n/n) 6/6 7/5 1.00
 Fetal complications 1 2 1.00
  Neonatal jaundice (n) 1 1
  ARDS (n) 0 1
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peroxidase followed by ECL detection (Amersham Bio-
Sciences, Buckinghamshire, UK). Equal loading of proteins 
was verified by immunoblotting with goat anti-cyclophilin 
antibody. Densitometric analysis was performed using a 
molecular imager FX (Bio-Rad, Hercules, CA, USA).

Cytokines detection

HMGB1 and VIP concentration were analyzed in serum and 
tissue culture supernatants using specific ELISA kits accord-
ing to the manufacturer’s instructions as follows: HMGB1 
(Aviva Systems Biology, San Diego CA) and VIP (BioSite, 
Taby, Sweden). The limits of detection were 0.156 ng/ml for 
HMGB1 and 7.81 pg/ml for VIP, respectively.

Statistical analysis

Continuous variables are expressed as mean ± standard devi-
ation (SD) or as median (Interquartile range, IR). Categori-
cal variables are reported as percentage. Continuous vari-
ables were tested for normality with Kolmogorov–Smirnov 
test. Differences between the two groups were evaluated 
with independent sample t test for normally distributed 
continuous variables and with Mann–Whitney U test for 
not normally distributed continuous variables. Categorical 
variables between groups were compared using Chi-square. 
A p value < 0.05 was considered statistically significant. Sta-
tistical analysis was performed with IBM SPSS Statistics 
software version 23 (Chicago, IL, USA).

Results

Characteristics of study subjects

Clinical and biochemical parameters of GDM and NGT 
women are reported in Table 1. Fetal ultrasound parameters 
at third trimester and neonatal parameters are reported in 
Table 2. Mothers in both groups were comparable in mater-
nal age, pre-pregnancy BMI, third trimester BMI, weight 
gain in pregnancy, gestational age and fasting glucose at 
third trimester. Fetal and neonatal parameters did not dif-
fer between the two groups. The frequency of male sex of 
the offspring was not significantly different between the two 
groups.

HMGB1‑RAGE expression in fetal membranes 
and adipose tissue

The Western blotting analyses for HMGB1 and RAGE 
expression in FMs are shown in Fig. 1a, b. The expression 
of HMGB1 was higher in fetal membranes in GDM patients 
than in NGT women (GDM 1.10 ± 0.38 vs NGT 0.58 ± 0.36, 

p = 0.02); no difference was observed in the expression of 
RAGE (GDM 0.93 ± 0.40 vs NGT 0.82 ± 0.50, p = 0.62) 
between the two groups. In VAT, HMGB1 protein expression 
was comparable (Fig. 1c) in both groups (GDM 1.74 ± 1.37 
vs NGT 1.90 ± 0.94, p = 0.76), whereas the expression of its 
receptor RAGE (Fig. 1d) was significantly higher in GDM 
(GDM 2.10 ± 1.32 vs NGT 1.15 ± 0.59, p = 0.03) compared 
to NGT controls.

VPACs and VIP expression in fetal membranes 
and adipose tissue

VPAC1, VPAC-2 and VIP expression in FMs are shown 
in Fig. 2a–c. Even though there was no significant differ-
ence in the expression of VPAC1 (GDM 1.19 ± 0.56 vs 
NGT 0.76 ± 0.54, p = 0.17), VPAC2 (GDM 1.10 ± 0.55 vs 
NGT 1.06 ± 0.79, p = 0.97) and VIP (GDM 1.18 ± 0.60 vs 
NGT 0.89 ± 0.29, p = 0.28) between GDM and NGT women, 
VPAC-1 and VIP levels tended to be higher in GDM com-
pared to NGT women.

As showed in Fig. 2e, VPAC2 protein expression was sig-
nificantly higher in VAT obtained from women with GDM 
(GDM 1.28 ± 0.63 vs NGT 0.83 ± 0.29, p = 0.03) compared 
to NGT subjects. There was no effect of GDM on VPAC1 
(GDM 1.87 ± 1.05 vs NGT 1.63 ± 1.47, p = 0.70, Fig. 2d) 
expression. VIP protein expression was not detectable in 
VAT of both GDM and NGT women.

Circulating levels of HMGB1 and VIP

HMGB1 serum levels were not different in GDM com-
pared to NGT women [GDM 0.7 (0.63–3.82) vs NGT 0.7 
(0.42–1.03) ng/ml; p = 0.33; Table 3]; and also VIP levels 
did not differ between the two groups [NGT 154 (101–183) 
vs GDM 107 (81–122) pg/ml, p = 0.15; Table 3].

HMGB1and VIP “in vitro” release by fetal 
membranes and adipose tissue

High variability of HMGB1 levels was observed in fetal 
membranes culture supernatant in NGT women [NGT 1.12 
(0.11–3.6) ng/ml], whereas HMGB1 was not detectable in 
culture supernatants in GDM fetal membranes (Table 3).

HMGB1 release was observed in VAT culture superna-
tant in both NGT and GDM women [NGT 0.23 (0.11–1.4) 
vs GDM: 0.15 (0.12–0.31) ng/ml p = 0.28]. No significant 
differences were observed between the two groups,

VIP protein expression was not detectable in adipose 
tissue samples by Western blot analysis, but VIP secretion 
was determined in VAT culture supernatant. It tended to be 
lower in women with GDM than in control subjects [NGT 
35 (24–72.5) vs GDM 19 (11.25–28) pg/ml, p = 0.05]. VIP 
levels in supernatant of fetal membranes cultures did not 
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differ between GDM and controls [NGT 39 (20.5–69.5) vs 
GDM 22 (17.25–41.25) pg/ml, p = 0.43].

Discussion

In this study GDM condition was found to be associated 
with an increased protein expression of HMGB1 in fetal 
membranes, and a high VPAC2 (VIP receptor) and RAGE 
(HMGB1 receptor) expression in omental adipose tissue. In 
addition, in vitro cultures from GDM women showed that 
FMs did not secrete detectable levels of HMGB1, and that 
VAT released lower levels of VIP, compared with the NGT.

Despite the small number of analyzed subjects, these 
results highlight the importance of these pro-, anti-inflam-
matory mediators and pathways in regulating the function of 
both tissues in pregnancy and support the concept that both 

fetal membranes and omental adipose tissue take part to the 
immune metabolic modifications in GDM.

Literature data indicate that placenta and adipose tissue 
have a regulatory role in the modulation of an increasing 
number of not well-known molecules necessary for the 
maintenance of pregnancy to the delivery [7, 9]. Of inter-
est, in the last few years emerging evidence has shown that 
not only fetal membranes provide a barrier between the feto-
placental and maternal compartments but they might have 
also a basic role in fetal growth [8]. FMs are able to produce 
a large spectrum of molecules at different stages of gestation 
and appear to be involved in the signature of inflammation 
during pregnancy both in physiological and pathological set-
tings [24] The higher expression of the pro-inflammatory 
protein HMGB1 observed in fetal membranes of GDM 
women compared to NGT is in line with the previous 
results obtained in fetal membranes in human spontaneous 
preterm birth (PTB) [13], and in damaged fetal membrane 

Fig. 1   Comparison of high 
mobility group box 1 protein 
(HMGB1) and receptor for 
advanced glycation end prod-
ucts (RAGE) protein expression 
in fetal membranes (a, b) and 
visceral adipose tissue (c, d) 
from normal glucose tolerance 
(NGT) and gestational diabetes 
mellitus (GDM) women. 
*p < 0.05. Data are expressed 
as mean value ± standard devia-
tion. Representative blots are 
shown
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from women with intra-amniotic inflammation [25]. This 
evidence supports a significant role of this cytokine in main-
taining the inflammatory milieu in pregnancy complications. 
In addition, in this study FMs in GDM patients did not 
secrete detectable levels of HMGB1 in vitro, in contrast to 
NGT women. It is known that this cytokine exerts multiple 
extracellular and intracellular activities by activating several 
signaling pathways [12, 13, 26]. Recent data indicate that the 
release of HMGB1 from FMs to other tissues is part of the 
physiological inflammatory signaling required to promote 
parturition [27, 28]. Specifically, it appears that HMGB1 
mediates physiological senescence of fetal membranes to 
promote labor at term through the activation of p38MAPK 
[13]. Since we have obtained FMs at cesarean section (not in 
labor), we speculate that the absence of HMGB1 secretion 

in fetal membranes of GDM women might alter the physi-
ological response in promoting labor.

Different from Giacobbe et al. study [11], we did not 
observe higher circulating levels of HMGB1 in GDM 
women.

Then, we investigated the expression of RAGE, one of the 
receptors through which HMGB1 exerts its inflammatory 
activity [12]. However, no differences were observed in fetal 
membranes between the two groups.

Evidence from literature suggests that HMGB1–RAGE 
axis contributes to the pathogenesis of the chronic vascular 
complications of diabetes [29]. Our data are in line with a 
previous study, which did not identify any differences in 
RAGE protein expression in fetal membranes between GDM 
and NGT women [30]. It suggests that the higher expression 

Fig. 2   Comparison of vasoactive intestinal peptide (VIP) and its 
receptors (VPAC-1 and VPAC-2) protein expression in tissues from 
normal glucose tolerance (NGT) and gestational diabetes mellitus 
(GDM) women. VPAC1 (a), VPAC2 (b) and VIP (c) in fetal mem-

branes; and VPAC1 (d) and VPAC2 (e) in visceral adipose tissue. 
*p < 0.05. Data are expressed as mean value ± standard deviation. 
Representative blots are shown
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of HMGB1 might be sufficient to stimulate the inflamma-
tory response, by activating the transcriptor factor nuclear 
factor-kB (NF-k B), which in turn stimulates the production 
of inflammatory cytokines [31].

Because of the function of FMs in fetal development 
and protection throughout pregnancy, we can speculate that 
inflamed FMs could have a considerable impact on the off-
spring outcome as well.

It has been observed that increased expression of HMGB1 
in adipose tissue might play a role in maintaining the chronic 
inflammatory state in obesity and insulin resistance [14]. 
Indeed, in human SW872 preadipocyte cell line, the interac-
tion between HMGB1 and RAGE induced the secretion of 
inflammatory cytokines [32].

Although we did not observe any differences in the pro-
tein expression of HMGB1 in VAT between the two groups, 
the increased expression of RAGE in omental adipose tissue 
in GDM women might indicate an amplified inflammatory 
activity mediated by this receptor.

This finding is in accordance with the results of a previ-
ous, in vitro, study, which showed that the overexpression 
of RAGE, via NFkB activation, induced the transcription 
of inflammatory cytokines and was involved in adipocyte 
hypertrophy and in reducing insulin sensitivity [15]. It is 
possible to hypothesize that other ligands activate RAGE in 
GDM adipose tissue, since several exogenous and endog-
enous ligands, including advanced glycation end products 
(AGEs), advanced oxidation protein products, calcium-
binding S100 proteins, lipopolysaccharide (LPS), recognize 
RAGE and appear to be involved in inflammation and dia-
betes progression [33].

Among the wide array of molecules involved in fetal 
membranes and adipose tissue alterations in GDM, we 
evaluated if VIP–VPACs pathway could have a role in 

GDM pathophysiology, because of its involvement in the 
immune response [20], in the development of placental 
tissues [34] and in promotion insulin secretion [18]. We 
did not observe any differences in the expression of VIP, 
VPAC1 and VPAC2 in FMs from GDM and NGT pregnant 
women.

Considering that VPAC1 and VPAC2 receptors are 
expressed in normal human female genital tract (endo-
metrium, myometrium, ovary and Fallopian tube) [35], 
and recent data indicated that VIP/VPACs pathway has a 
role in regulating pregnancy by controlling inflammatory 
response [16], we can hypothesize that, in this study, this 
signaling pathway is not involved in FMs modifications 
in GDM.

In this study, VAT in GDM showed increased expres-
sion of VPAC2 and released lower levels of VIP “in vitro”. 
Physiological pregnancy is characterized by a fine balance 
between pro- and anti-inflammatory cytokines [36]. Giving 
the anti-inflammatory activity of VIP/VPAC2 pathway [20], 
it is possible to speculate that this pathway exerts this activ-
ity in autocrine manner via VPAC2 overexpression in VAT, 
by inhibiting and promoting the production of inflammatory 
and anti-inflammatory cytokines, respectively.

Moreover, VIP and VPACs receptors can activate sev-
eral signaling pathways which can modulate adipose tis-
sue metabolism and regulate appetite and body composi-
tion [37]. Remarkable changes in maternal and fetal lipid 
metabolism take place during pregnancy, and adipose tis-
sue plays a significant role in GDM development [38]. An 
in vitro study has shown that VIP induced lipolysis through 
VPAC2 activation, in primary rat adipocytes [39]. The 
authors assume that lipolytic action of VIP via VPAC2 by 
increasing free fatty acid levels potentiates insulin secretion, 
contributing to maintain energy homeostasis both in condi-
tions of energy deprivation and after food intake. Thus, it 
is conceivable to hypothesize that the increased expression 
of VPAC2 observed in VAT of GDM patients can be an 
attempt to manage hyperglycemia. Moreover, we can not 
exclude that other molecules, including the pituitary ade-
nylate cyclase activating peptide (PACAP), a new member 
of VIP family, can activate the receptor VPAC2 and exert 
antidiabetic effects [40]. There are no literature data regard-
ing the role of VIP–VIPACs pathways in the third trimester 
of pregnancy.

This is a preliminary study and its main limits are the 
number of the included subjects and the lack of some param-
eters to test insulin resistance and beta-cell function (i.e., 
serum insulin, HOMA index and C-peptide).

The results of this study support the concept that both 
fetal membranes and omental adipose tissue take part to the 
immune metabolic modifications in GDM, and highlight the 
importance of these molecules in regulating the function of 
both tissues in pregnancy.

Table 3   HMGB1 and VIP circulating levels and release from tissues 
in vitro

HMGB1 High Mobility Group Box 1, VIP vasoactive intestinal pep-
tide, FM fetal membranes, VAT visceral adipose tissue
*p < 0.05. Results are expressed as median (Interquartile range). ND: 
not detected

NGT GDM p

Serum
 HMGB1(ng/ml) 0.7 (0.42–1.03) 0.7 (0.63–3.83) 0.33
 VIP (pg/ml) 154 (101–183) 107 (81–122) 0.15

In vitro release
 HMGB1(ng/ml)
  FM 1.12 (0.11–3.6) ND
  VAT 0.23 (0.11–1.4) 0.15 (0.12–0.31) 0.28

 VIP (pg/ml)
  FM 39 (20.5–69.5) 22 (17.25–41.25) 0.43
  VAT 35 (24–72.5) 19 (11.25–28) 0.05
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Conclusions

In conclusion, this pilot study provides relevant data 
that suggest a complex cross talk between FMs and VAT 
throughout pregnancy, despite the limitation due to the 
small number of women involved.

In regard to GDM status, there is an attempt to balance 
the inflammatory milieu due to higher HMGB1 levels in 
FMs and higher RAGE expression in VAT, with the activa-
tion of the anti-inflammatory pathway represented by the 
higher expression of VPAC2 in VAT. The role of FMs and 
VAT in maintaining immune homeostasis likely occurs by 
fine tuning regulation that involves HMGB1/RAGE and 
VIP/VAPCs pathways. Further studies are necessary to 
clarify the mechanisms underlying these findings and the 
role of these mediators on fetal and maternal outcomes 
in GDM.
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