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Abstract: Metabolic impairments in maternal obesity and gestational diabetes mellitus (GDM) induce an abnormal 
environment in peripheral blood and cause vascular structure alterations which affect the placental development 
and function. A GDM model was developed using C57BL/6J female mice fed with high fat food (HF) (40% energy 
from fat) and a control group with control food (CF) (14% energy from fat) for 14 weeks before mating and through-
out the gestation period. A subset of dams was sacrificed at gestational day (GD) 18.5 to evaluate the fetal and 
placental development. HF-fed dams exhibited significant increase in the maternal weight gain and homeosta-
sis model assessment for insulin resistance index (HOMA-IR), impaired insulin secretion of glucose stimulus and 
glucose clearance of insulin stimulus before pregnancy; in addition, they also had the increase in the fetal and 
placental weight. HF-fed dams at GD 18.5 showed the high level of circulating maternal inflammation factors and 
were associated with increased oxidative stress and hypoxia in the labyrinth, abnormal vascular development with 
a high level of hypoxia inducible factor-1α (HIF-1α) and VEGF-A expression, but without a parallel increase in CD31 
level; were induced an exaggerated inflammatory response in placental vascular endothelial cell. Our findings show 
that GDM induces more maternal weight gain and fetus weight, with abnormal maternal circulating metabolic and 
inflammation factors, and forms a placental hypoxia environment and impacts the placental vascular development. 
Our findings indicate that gestational diabetes induce excessive chronic hypoxia stress and inflammatory response 
in placentas which may contribute mechanisms to the high risks of perinatal complications of obesity and GDM 
mothers.
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Introduction

With the worldwide epidemic of metabolic syn-
drome, the proportion of women that are over-
weight or obese and with GDM during pregnan-
cy has increased [1, 2]. The resulting abnormal 
placenta environment may have deleterious 
effects on fetal metabolic programming and 
lead to the increased adverse perinatal out-
comes, not only perinatal mortality, macroso-
mia, shoulder dystocia [3], but also preeclamp-
sia [4, 5]. GDM and obesity in pregnancy often 
increase the risk for the baby to develop meta-
bolic syndrome later in life [4, 6].

Placenta plays an important role in this scenar-
io, but basis research is leg behind in this area. 

Only a few studies with rodent models were 
designed to address the consequences of 
maternal obesity to understand the metabolic 
reprogramming in offspring, but no close atten-
tion has been paid to the state changes of pla-
cental vascular structure. When capillarization 
increases rapidly, this tree delivers blood to an 
extensive and expanding capillary network with 
a large surface area for exchange and is vital 
for fetal growth and survival. Nevertheless, the 
factors that control the normal growth and 
development of the fetoplacental vasculature 
in the late gestational are still unknown.

Since murine and human placenta exhibit many 
same characteristics [7], in the present work, 
we found that high-fat mouse models are 
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accompanied with increased maternal adiposi-
ty, fast glucose and insulin, impaired glucose 
and insulin tolerance, which is very similar to 
human GDM symptoms. Because placental 
function increases dramatically in the last half 
of gestation to supply enough oxygen and nutri-
ents for exponential fetal growth, maternal 
hypertension and other complications start 
and accelerates during the last half of gesta-
tion, it is requisite to monitor the pathological 
events of the placenta in this period. Therefore, 
based on this GDM animal model, we then took 
GD 18.5 as a dam time to investigate the 
changes in placental vascular structure of 
exchange area and placental environment in 
this late gestation period.

Our findings show that high fat diet induces 
more maternal weight gain and fetus weight, 
with changed maternal circulating metabolic 
and inflammation factors, and disordered pla-
cental vascular environment and development.

Materials and methods

Mice and high fat mouse models

Female C57BL/6J (4 weeks old) mice were pur-
chased from the Shanghai Slac Laboratory 
Animal Co., Ltd. All of the mice were housed in 
the animal facility with a 12 h light/dark cycle, 
40%-60% humidity and constant temperature 
(22-24°C), and the mice had free access to 
water and diet. After 1 week quarantine, these 
mice were randomly divided into two groups. CF 
(Control food) group fed a control diet (14% fat, 
26% protein, 60% carbohydrate ) [8]. HF (high 
fat food) [9, 10] group fed a research diet (40% 
fat, 20% protein, 40% carbohydrate), above 
foods all provided from Slac Laboratory Animal 
Co., Ltd. After 14 weeks dietary intervention, 
breeding was conducted overnight in a 1:2 
ratio, mating was confirmed by presence of a 
vaginal mucous plug in the following morning, 

research center of Shanghai 6th People’s 
Hospital.

Measurements of body weight, blood glucose 
and insulin levels

Body weight was measured once a week; blood 
glucose was determined by glucometer (ACCU-
CHEK Performa) at indicated time points from 
cutting tails after overnight fasted (12 h) every 
2 weeks; after 14 weeks of dietary interven-
tion, blood samples were collected by retroor-
bital sinus puncture without anesthetization 
after overnight fasted (12 h). Following immedi-
ate centrifugation at 4000 rpm at 4°C, plasma 
was separated and stored at -70°C until serum 
insulin analysis. Homeostasis model assess-
ment of insulin resistance (HOMA-IR) was esti-
mated with the following formula: insulin resis-
tance = fasting plasma insulin (in microunits 
per ml) × fasting plasma glucose (FPG, in milli-
moles per litre)/22.5.

Intraperitoneal glucose tolerance test (IPGTT) 
and intraperitoneal insulin tolerance test 
(IPITT)

After 14 weeks dietary intervention, six mouse 
of each group were fasted for 12 h and blood 
was collected from tail for glucose assay by the 
glucometer at baseline (as 0 min) and 30, 60 
and 120 min after glucose (2g/kg) loading 
through intraperitoneal injection [11]; other six 
mouse of each group were fasted for 4 h, then 
the glucose level was measured as the method 
in IPGTT at the 30, 60 and 120 min after human 
regular insulin (Novolin R, Novo-Nordisk) 
through intraperitoneal injection at 0.5 units/
kg [12].

Collection of blood and tissue samples

Dams were sacrificed at GD18.5 after fasting 4 
h, and maternal blood was collected by cardiac 

Table 1. Primer Pairs for Real time PCR
Forward Primer Reverse Primer

HIF-1α AGCCCTAGATGGCTTTGTGA TATCGAGGCTGTGTCGACTG
CD31 GCGGTGGTTGTCATTGGAGTG GTTGGAGTTCAGAAGTGGAGCAG
VEGF-A TGGCTGGCTGGGTCACTAAC CTGGCTTTGTTCTGTCTTTCTTTGG
TNF-α CAGGCGGTGCCTATGTCTC CGATCACCCCGAAGTTCAGTAG
IL-6 GAGGATACCACTCCCAACAGACC AAGTGCATCATCGTTGTTCATACA
Gapdh AGGTCGGTGTGAACGGATTTG GGGGTCGTTGATGGCAACA

which represented on gestation 
day (GD) 0.5 until the next mid-
day of mating. These males were 
removed once the females were 
pregnant. All procedures were 
performed in accordance with 
national institutes of health 
guidelines for the care and use of 
animals and were approved by 
the institutional animal care and 
use committee at animal 
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puncture, allowed to clot, and spun at 4000 
rpm to collect serum. Maternal serum level of 
triglyceride and total cholesterol were analysed 
using triglyceride and total cholesterol test kits 
(Beijing BHKT Clinical Reagent Co. Ltd) accord-
ing to the manufacturer’s instructions. Insulin 
levels were detected by Kit for mouse Insulin 
Batch (F1093, Shanghai Westang Bio-Tech Inc., 
Ltd); the levels of TNF-α (12-2720-096, Dakewe 
Biotech Co., Ltd.) and IL-1β (12-2012-096, 
Dakewei Biotech Co., Ltd.) were analyzed by 
ELISA followed manufacturer’s instructions. 
The marker of insulin resistance was calculated 
by HOMA-IR as follows: fasting plasma insulin 
(µU/mL) × fasting glucose (mM)/22.5.

After laparotomy, fetuses and placentas were 
removed and weighed, and placentas in each 
litter were pooled, one part of each group after 
weighing were stored at -70°C for measure-
ment of malondialdehyde (MDA), a common 
stable marker for OS-induced lipid peroxida-
tion, after placentas homogenized according 
protocol of MDA (A003-1, Nanjing Jiancheng 
Bioengineering Institute), the way of tissue 
homogenate as mentioned elsewhere [13]. One 
part of the remnant placentas of each group 
fixed in 4% polymerisatum at once for immuno-
histochemistry and the other part of placentas 
were stored at -70°C for real time PCR.

Real time PCR

Real time quantitative PCR to measure mRNA 
expressions of HIF-1α (NM_010431.2), VEGF-A 
(NM_001110266.1), CD31(NM_008816.2), 
TNF-α (NM_013693), IL-6 (NM_031168.1), 
GAPDH (NM_008084 ). Primer Pairs of above 
molecular shows in Table 1. Total RNA was 
extracted from placenta tissues from each 
group (4 animals) using TRIzol (Invitrogen). Total 
mRNA (2μg) was reverse transcribed to cDNA 
using High Capacity cDNA Reverse Transcription 
Kit (Applied Takaro Biosystems) according to 
the manufacturer’s instructions. RT-PCR was 
performed by the Biosystems 7500 Fast Real-
Time PCR System using Power SYBR® Green 
PCR Master Mix kits (Applied Takara 
BioTechnology). Quantitative Real-time PCR 
analysis was carried out with the following cycle 
profile: 1 cycle at 95°C for 30 s, and 40 cycles 
at 95°C for 5 s, 60°C for 31 s.

Immunohistochemistry

Placentas preserved were transected perpen-
dicular to the long axis of the disc, processed, 
and paraffin embedded; and 5-μm sections 
were stained for morphologic analysis by light 
microscopy. Placentas from all groups were 
also observed for overall evidence of HIF-1α 

Figure 1. HF led to increase of biomarkers associated with metabolic impairments. Feeding with HF or CF for 14 
weeks, body weight (A) was measured every week; fast glucose (B) was detected every two weeks, fast insulin (C), 
IPGTT (D) and IPTT (E) were detected before mating. AUC of IPGTT and IPTT changed (F). Error bars depicted the 
standard error of the mean. *P<0.05, **P<0.01 or ***P<0.001 compared to the CF control.
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(25 ug/ml, MAB1935, R&D Systems), CD31 
(PECAM-1) (1:100, sc-31045, Santa Cruz 
Biotechnology), NFKB P65 (1:100, SC-372, 
Santa Cruz Biotechnology), pNF-KB P65 (1:50, 
SC-372, Santa Cruz Biotechnology). 
Immunohistochemistry was performed by 
labeled streptavidin/peroxidase method and 
microwave antigen retrieval technique. The 
reagents (PV9000 and DAB) were obtained 
from ZSGB-BIO and staining was performed as 
protocol. As negative controls, the primary anti-
body was replaced by anti-mouse IgG isotype.

Microvessel counting was carried out by select-
ing two center areas in the labyrinth from 4 dif-
ferent samples in each group, that is, average 
10 representative microscopic fields of placen-
ta at 400× magnification were enumerated fol-
lowing the methods described previously [14].
The staining of HIF-1α, NFKB and pNF-KB was 
assessed semiquantitatively by using the Q 
score method: immunoreactivity was classified 
according to fractions of positive cells (0, 
0-10%; 1, 10-25%; 2, 26-75%; 3, 76-100%) and 
general intensity of positive cells (0, none; 1, 
mild; 2, moderate; 3, intense) [14]. Vascular 
density was measured based on a combination 
of CD31 staining and morphologic analysis, 
and was semiquantitatively scored based on 
the density and area as above described [15], 
the brown positive staining levels were graded 
from 0 to 3 as above described, and percentage 
of staining area were graded from 0 to 4: nega-
tive is 0, ≤25% 1, 26-50% 2; 51-75% 3; >75% 4. 
Each slide was calculated by multiplying stain-
ing grade by fractions of positive cells or area. 

HF increased the biomarkers associated with 
metabolic impairments

After high fat diet intervention before pregnan-
cy, maternal body weight significantly increased 
from the second week (P<0.05) (Figure 1A), 
weight gained 19g compared 7.4g of CF, fasting 
glucose was increased significantly after 10 
weeks (Figure 1A and 1B) (P<0.001). Fast glu-
cose levels were significantly elevated in HF-fed 
dams prior to mating (P<0.001), although the 
glucose level was not so stable (Figure 1B), 
while the highest fast glucose levels of CF was 
only 131.4mg/dl without changing much during 
the whole process.

Besides fasting glucose, HF-fed dams also 
showed significant insulin resistance (Figure 
1C) (P<0.001), IPGTT (Figure 1D) and IPTT 
(Figure 1E) exhibited much worse response to 
glucose stimulus at all time points (30, 60, 
120, and 180 min). AUC levels of both IPGTT 
and IPTT indicated that HF impaired the 
response to insulin and glucose stimulus 
(Figure 1F) (P<0.001).

The obesity mouse in our study had high levels 
of fast glucose, insulin and impaired glucose 
tolerance. And many studies [8, 10, 12] had 
showed C57BL/6J mice with a high fat diet is a 
robust and efficient model for IGT and early 
type 2 diabetes. , HF mice after pregnancy still 
had a high serum fast glucose, insulin level 
(Table 2), and a high triglyceride and total cho-
lesterol level with worse metabolic impair-
ments. HOMA-IR was 7 folds higher than CF 
(Table 2), Our model of GDM were established 
and suitable for studying the influence on pla-

Table 2. Biomarkers associated with metabolic impairments
CF HF

Body weight (g) 39.3±4.1 51.1±5.4***

Fast Glucose (mg/dl) 122.4±7.2 163.8±12.6***

Fast Insulin (ng/ml) 0.352±0.046 1.742±0.140***

HOMA-IR 2.255±0.017 14.9±0.092***

Triglyceride (mg/dl) 140.4±28.6 235.5±27.4***

Total cholesterol (mg/dl) 235.4±46.9 362.3±102.42***

IL-1β ( ng/ml) 1.87±0.40 6.6±0.85***

TNF-α (ng/ml) 0.59±0.20 5.23±0.70***

Placenta weight (g) 0.1145±0.009 0.121±0.017*

Fetus weight (g) 0.76±0.08 0.83±0.09**

MDA of placenta homog-
enized (nmol/ml)

4.12±0.34 7.60±0.53***

*P<0.05; **P<0.01; ***P<0.001.

The average score of ten fields was 
counted by two independent examin-
ers who were blinded as to animal 
groups.

Statistical analysis

Data were expressed as the mean ± 
standard error of the mean (SEM). 
The data obtained in the present 
study were analyzed using an ANOVA. 
A p value < 0.05 was considered to 
be statistically significant. Data were 
analyzed using the statistical pack-
age SPSS for Windows version 17.0.

Results
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cental development and function [16]. Body 
weight of the HF mouse during pregnancy in 
this study, was increased from 37.9±3.0 to 
51.1±5.40g (Table 2) (P<0.001), compared CF 
from 26.3±2.2 to 39.3±4.1 (P<0.001); Dams 
were killed to obtain the fetuses and placentas 
on GD18.5, HF fetuses were significantly heavi-
er than CF fetuses (P<0.001), whereas placen-
tal weight did not significantly differ between 
the two groups (Table 2) (P<0.05), our current 
results displayed that HF placentas are working 
in a heavy load.

The placentas of GDM are characterized by 
reduced tissue oxygenation

Obesity and GDM is associated with marked 
hyperglycaemia, hyperinsulinemia and dyslipid-
emia, but also with increased oxidative stress 
[17]. Overproduction of reactive oxygen species 
may influence arterial branching of exchange 
region of HF placenta. We assessed the level of 
systemic oxidative damage in obese pregnant 
dams by quantifying placenta MDA. MDA level 
in HF placenta was increased by 84.4% over in 
whole placental homogenates of GD18.5 (Table 
2) (P<0.001), the levels of MDA within the pla-
centas were evaluated as an indicator of tissue 
hypoxia. HIF-1α, another marker of hypoxia, 
was also measured in the mouse placenta dur-

ing late gestation, as shown in Figure 2, HIF-1α 
mRNA level in HF was increased 4.7 folds, and 
the protein level of HIF-1α was highly located 
(P<0.001) (Figure 2A-C). These comprehensive 
data demonstrated that HF placenta might be 
in a stronger oxidative stress and deeper hypox-
ia state.

Abnormal vascular development in the placen-
tas of HF

Hypoxia, an additional mechanism whereby 
hypoxia could influence VEGF action of the fac-
tors known to induce VEGF gene expression, is 
by far the most potent stimulus. Low oxygen 
tension significantly increased VEGF mRNA lev-
els in a reversible manner [18]. Since VEGF 
plays a role not only in angiogenesis and vascu-
lar permeability, but also in maintenance of the 
endothelium. Thus, the hypoxic induction of 
VEGF expression was most likely achieved by 
transcriptional activation. It was found that 
VEGF-A mRNA level of placentas in HF group 
increased 7.4 folds (P<0.001) (Figure 3A), 
therefore, we speculated that maternal obesity 
and GDM may affected blood vessel density 
and function.

Subsequently, we evaluated fetoplacental vas-
culature changes. As a common endothelial 

Figure 2. The placentas of GDM were characterized by reduced tissue oxygenation. The mRNA and protein levels 
of HIF-1α in placentas of GD18.5 were analyzed by quantitative real-time PCR (A) and immunohistochemistry (B), 
respectively. Moreover, immunoreactivity score showed in photomicrographs (C). The mean fold change of HIF-1α 
was normalized to the endogenous reference gene (GAPDH). Original magnification: ×400. Error bars depict the 
standard error of the mean. ***P<0.001 compared to the CF control.
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cell specific marker, the transcriptional level of 
CD31 in HF placentas was significantly higher 
than that of the CF group (P<0.001) (Figure 
3A), but the result of immunohistochemistry 
showed that fetal microvessels with positive 
CD31 only increased 1.3 folds (P<0.05) (Figure 
3B and 3C) than CF, increased CD31-postived 
areas suggested that there was a growing 
exchange area. However, these data also 
showed that HF vasculature changes could not 
catch up with its load, and as shown in figures, 
vascular structure was confused and disor-
dered in HF group.

HF stimulates inflammatory response in pla-
centas

Finally, we found that the placenta in HF devel-
oped an exaggerated inflammatory response to 
GDM and obesity with a high level of circulation 
inflammation factors (IL-1β and TNF-α) (Table 
2) (P<0.001). As shown, pro-inflammatory fac-
tors TNF-α and IL-6 of placentas were markedly 
elevated in HF group. TNF-α levels in HF was 
increased 1.3 folds (P<0.05) (Figure 4A) than 
CF along with a significant increase in IL-6 lev-
els (9.79 folds, P<0.001) (Figure 4A). IL-6 also 
could stimulate angiogenesis, so HF was pos-
sibly involved in modulating vascular develop-
ment through promoting IL-6 expression and 
other factors in placentas.

As we known, NF-κB signaling pathways play an 
important role in activating inflammation 
response. Our data showed in Figure 4, both 
NF-κB and phosphorylation of NF-κB (pNF-κB) 
in vascular structure of HF group were higher 
than that in CF group (P<0.001) (Figure 4B and 
4C), moreover, the ratio of pNF-κB to total 
NF-κB was also up-regulated in HF group. These 
data showed an exaggerated inflammation 
response in HF placenta, the effect was 
achieved partly through activating NF-κB 
signals.

Discussion

In GDM, there are strong gene-environment 
interactions that trigger the pathogenetic pro-
cess. Thus, despite their different genetic pre-
disposition, environmental factors, mainly life-
style-related factors such as high-saturated-fat 
diet, may enhance glucose intolerance and pro-
mote insulin resistance and obesity during 
pregnancy. In this study, we have developed an 
attractive model to further study the physiolog-
ic and molecular abnormalities in GDM. Mice 
model was fed with a moderately high fat diet 
for a long time before pregnancy [10], as 
increased maternal adiposity, fast glucose and 
insulin, impaired glucose and insulin tolerance, 
which were very similar to the common meta-
bolic abnormalities of human GDM, and Liang 

Figure 3. Vascular development is altered in the placentas of GDM.  The mRNA levels of VEGF and CD31 and protein 
level of CD31 in placentas of GD18.5 were analyzed by quantitative real-time PCR (A) and immunohistochemistry (B 
and C), respectively. The mean fold change of target genes was normalized to GAPDH. Original magnification: ×400. 
Error bars depict the standard error of the mean. *P<0.05 or ***P<0.001 compared to the CF control.
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et [16] fed high fat food to female C57BL/6J 
mouse for 8 weeks before mating and consid-
ered them as GDM model, changes in fetus and 
placentas with these metabolic impairments 
also may be applied to GDM woman. In our 
study, we found that maternal and litter’s 
weight gain in HF group was more than that in 
CF group, placental weight also increased, 
which promoted an increase level in exchange 
nutrient function in HF group, but placenta 
weight did not show a parallel growth in litter 
weight.

A physiological state of insulin resistance is 
required to preferentially direct the maternal 
nutrients toward the fetoplacental unit, allow-
ing adequate growth of the fetus. When women 
develop GDM, insulin resistance is more severe 
and disrupts the intrauterine milieu, which 
resulting in accelerated fetal development with 
increased risk of macrosomia. Jones et [9] 
found high fat diet before and during pregnancy 
could cause marked up-regulation of placental 
nutrient transport and fetal overgrowth in mice, 
in which glucose transporter 1 (GLUT1) and 
sodium-coupled neutral amino acid transporter 
(SNAT) 2 were elevated. They suggested that up 
regulation of specific placental nutrient trans-
porter isoforms constituted a mechanism link-
ing maternal high fat diet and obesity to fetal 
overgrowth. It coincided with our results on this 
point in placenta.

To further elucidate the mechanisms that a 
heavy function burden in HF group leads to pre-
eclampsia, fetal growth restriction, infant 

death, stillbirth and other complications, the 
key finding in these studies was that GDM 
results in increased placental oxidative stress, 
as the most frequently used indicators of lipid 
peroxidation and biomarker of oxidative stress 
[19], MDA level in HF placenta was increased by 
84.4 % over in whole placental homogenates of 
GD18.5. At the first trimester, excessive pro-
duction of reactive oxygen species may break 
the balance of hypoxia-reoxygenation on tro-
phoblast development such as invading shal-
lowly; and in late gestation, hypoxia has been 
shown to cause apoptosis of trophoblast and 
vascular endothelium cells [20, 21], which 
changes were all observed in preeclampsia, 
These may explains why GDM has a high inci-
dence of preeclampsia [22, 23].

The primary molecular sensor used by tropho-
blasts and the developing embryo to sense and 
respond to changes in O2 tension is HIF-1α [24]. 
Through transcriptional activation the HIF-1α 
regulates many different cellular processes in 
response to hypoxia, including angiogenesis. In 
human placenta, Myatt et al [25] suggested 
that oxidative stress may cause vascular dys-
function in the placenta that compromises fetal 
growth. The higher level of HIF-1α expression 
showed a lower O2 tension. Our results proved 
that HF induced HIF-1α not only in mRNA level 
but also in protein level. HIF-1α and low O2 ten-
sion are important in early pregnant, including 
regulation of angiogenesis, migration/invasion 
and cell metabolism, but in late placenta, it 
seems not so good for pregnancy. Our findings 
suggested that HF had a confused and disor-

Figure 4. HF stimulated inflammatory response in placentas. The mRNA levels of TNF-α and IL-6 were analyzed by 
quantitative real-time PCR (A), and the expression of NF-κB and pNF-κB in placentas of GD18.5 were analyzed by  
immunohistochemistry (B and C), respectively. The mean fold change of target genes was normalized to GAPDH. 
Original magnification: ×400. Error bars depict the standard error of the mean. *P<0.05 or ***P<0.001 compared 
to the CF control.
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dered vascular structure. Pietro et al [26] indi-
cated that the change in the placental VEGF/
VEGFR expression ratio in mild hyperglycemia 
may favor angiogenesis in placental tissue. In 
our studies, the increase of VEGF level might be 
also induced by HIF-1α in HF group. However, 
we also found that CD31 staining intensity in 
placenta of HF group is not inconsistent with 
the increase degree of HIF-1α and VEGF, which 
suggested that angiogenesis in HF placenta 
may be not enough, although the level of angio-
genesis related factors, such as VEGF, IL-6, was 
significantly increased. These results are partly 
echoed with Liang et al [16]. VEGF levels highly 
increased in human late gestational placenta, 
but vascular structure was not growing because 
one of VEGF receptor FLT-1 in placenta was 
decreased, but soluble FLT-1 (sFLT-1) expres-
sion in a free serum could combine with VEGF, 
which could not ensure the neoformation of 
placental vessels and their organization to 
meet the needs of the fetus and placentas [27]. 
Our results also showed that GDM and obesity 
placentas could not have an adaptive capacity, 
besides impaired angiogenesis.

Radaelli et al [28] showed placental transcrip-
tome emerged as a primary target of the altered 
environment of diabetic pregnancy. The genes 
identified provide the basis to elucidate links 
between inflammatory pathways and GDM-
associated insulin resistance. Desoye et [29] 
showed a similar results with Radaelli’s that 
GDM induced a significantly increase in IL-6 
mRNA levels in GDM placenta, there were no 
major differences in immune cell populations 
within the placental villi and only a greater 
degree of muscularity in the vessel walls [30, 
31]. Zhou et al [32] showed that increased 
TNF-α/IL-6 signaling in mice was a key mecha-
nism underlying increased preeclampsia, and 
IL-6 blockade inhibited preeclamptic features 
in autoantibody-injected pregnant mice. In our 
studies, it could be observed that an exagger-
ated inflammation response in HF placentas. 
Because these factors and biological behaviors 
were closely related with each other, when the 
balance in placenta disturbed, such as misbal-
ance of endothelial hypoxia, proliferation and 
apoptosis behaviors, which may contribute to a 
high risk of complications.

Qian et al [33] had demonstrated that HIF-1α 
activation by IL-1β and TNF-α resulted in 
increased secretion of VEGF, the process of 

HIF-1α activation was driven by both IL-1β and 
TNF-α, up-regulating expression of the extracel-
lular signal-regulated kinase (ERK) phosphory-
lation pathway. NF-kB is the key link that drives 
cytokine cellular signal. There is a close rela-
tionship between HIF-1α and NF-kB during 
hypoxia, which leads to the up-regulation of 
inflammatory modulators such as cycloxygen-
ase-2 (COX-2), TNF-a, IL-6. Therefore, it can be 
speculated that the secretion of inflammatory 
factors in placenta induced by HF may further 
up-regulate the expression of HIF-1α and acti-
vate NF-kB signals, which in turn increases the 
production of inflammatory factors, and forms 
a positive feedback. However, the mechanism 
of these factors expression changes need to be 
further investigated.

In summary, our findings showed that GDM 
mouse models developed by moderate high fat 
diet had a maternal nutritional imbalance and 
metabolic disturbance, an elevated circulating 
and placental inflammatory response, an 
aggravated placental hypoxia environment and 
an altered placental vascular development. Our 
data supported the hypothesis that the altered 
placental vascular structure and function con-
tributed to the mechanisms of the high risks of 
perinatal complications in obesity and GDM 
mothers.
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