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Abstract. The objective of the present study was to investigate 
the role of blood glucose, lipid metabolism, body mass index 
(BMI), C-reactive protein (CRP) as well as an interleukin 
(IL)-17/IL-35 imbalance in the pathogenesis of concurrent 
gestational diabetes mellitus (GDM) and preeclampsia (PE) 
(DPE). The mRNA expression of forkhead box protein 3 
(FoxP3), IL-35 [including Epstein-Barr virus-induced gene 3 
(EBI3) and P35 subunits] and IL-17 in the peripheral blood 
mononuclear cells of patients with DPE (n=30), GDM (n=33), 
PE (n=33) and normal pregnancy (n=33) were determined by 
reverse transcription-quantitative polymerase chain reaction. 
The serum levels of IL-35, IL-17 and CRP were analyzed 
using ELISA. Serum total cholesterol (TC), triglyceride (TG), 
high-density lipoprotein (HDL) and fasting blood glucose 
(FBG) were also detected. The levels of low-density lipoprotein 
(LDL) were calculated using the Friedewald formula. Body 
weight and height were determined in order to calculate the 
BMI. It was observed that the levels of FBG were markedly 
elevated in patients with GDM, PE and DPE. In addition, 

significantly higher serum TG, TC, LDL and very LDL were 
detected in patients with GDM, PE and DPE compared with 
those in subjects with normal pregnancies. By contrast, the 
concentration of HDL was lower in the patient groups. In 
addition, higher BMI values were identified in patients with 
GDM, PE and DPE. A decreased expression of FoxP3, P35 
and EBI3 mRNA, and an elevated expression of IL-17 in 
PBMCs was detected in patients with GDM, PE and DPE. 
In addition, higher serum levels of IL-17 and CRP, as well as 
lower levels of IL-35, were observed. Furthermore, in patients 
with DPE, positive correlations of diastolic blood pressure 
with IL-17 levels, BMI and TG, as well as IL-17 levels with 
BMI and proteinuria were identified. In conclusion, the present 
study indicated that abnormal maternal lipids, hyperglycemia, 
high BMI, high CRP and IL-17/IL-35 imbalance may have 
a role in the pathophysiology of DPE. Therefore, pregnant 
women and clinicians should be made aware that maternal 
hyperlipidaemia, hyperglycemia, high BMI, high CRP levels 
and IL-17/IL-35 imbalance may lead to DPE.

Introduction

Pregnancy is a time of tremendous stress on the body of the 
mother, involving a substantial increase in the workload of 
various different organs (1). Therefore, organ systems that 
are well controlled in the non-pregnant state may become 
dysregulated during pregnancy, which may result in metabolic 
diseases, including diabetes mellitus (2). The dysregulation of 
organ systems during pregnancy may cause significant harm 
to the mother and/or the fetus (2). The late stages of preg-
nancy are catabolic and associated with the elevation of blood 
glucose. Gestational diabetes mellitus (GDM) is a common 
metabolic complication during pregnancy. Hyperglycemia has 
prominent effects on the mother, the course of the pregnancy 
and the fetus (3). Patients with gestational and pre-GDM have 
a greater risk for preeclampsia (PE), which is a hypertensive 
syndrome associated with proteinuria (4). Since a long-term 
consequence of diabetes mellitus is the damage to small blood 
vessels, it is hypothesized that PE results from endothelial cell 
injury as a consequence of ischemia (5). Abnormalities in the 
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process of implantation appear to set in motion events that lead 
to the occurrence of PE from gestation week 20 (6). Clinical 
and experimental studies have suggested that GDM and PE 
share pathophysiological features, including systemic endo-
thelial inflammation and dyslipidemia. These conditions are 
associated with augmented risks for cardiovascular morbidity 
and mortality later in life (7-9). However, few studies have 
assessed risk factors for concurrent GDM and PE (DPE).

In recent years, there has been an increased focus on the 
role of the maternal immune system in inflammation and 
endothelial dysfunction, which is associated with the devel-
opment of DPE (10,11). The immune system has a major role 
in normal pregnancy (12). During pregnancy, the systemic 
maternal immune system is altered, and maternal T cells 
acquire a transient state of tolerance that is specific for 
paternal alloantigens (13). CD4+ T, type 17 T-helper (Th17) 
and regulatory T (Treg) cells have an important role in main-
taining self‑tolerance. The identification of Th17 and Treg 
cells has opened up a broad field of research into the potential 
roles of these cells in controlling disorders during pregnancy. 
An important characteristic of PE is an alteration in the 
prevalence of Th17 and Treg cells, which may contribute to 
the development of maternal systemic inflammation (14,15). 
The interleukin (IL)-17 cytokine is produced by Th17 cells, 
which are potent inflammatory factors for activating the 
adaptive immune response. Treg cells are a major component 
in establishing immune tolerance (16,17). IL-35 is a newly 
identified immunosuppressive cytokine secreted from Treg 
cells, and consists of p35 and Epstein-Barr virus-induced 
gene 3 (EBI3) subunits (18,19). C-reactive protein (CRP) is 
a systemic inflammatory marker primarily synthesized in 
the liver (20). In recent years, the role of immune activation 
and inflammation in the pathogenesis of DPE has gained 
increasing attention.

Recent studies have reported that an abnormal maternal 
lipid profile, including total cholesterol (TC), triglyceride 
(TG), low-density lipoprotein (LDL), very LDL (VLDL) and 
high-density lipoprotein (HDL), increase the health risks asso-
ciated with pregnancy (21,22). The accumulation of cholesterol 
and TGs may cause damage to endothelial function. It has been 
reported that lipid profile abnormalities in maternal patients 
with GDM increase the risk of vascular injury, which may 
lead to endothelial dysfunction, a pathogenic factor of PE (23). 
Lipids constitute a large part of the arterial wall, as do plasma 
and intracellular membranes; therefore, lipid abnormalities 
may lead to vascular damage, which has a critically important 
role in the pathogenesis of GDM (24). Therefore, DPE may 
be associated with lipid profile abnormalities and vascular 
dysfunction.

Obesity and excessive gestational weight gain (GWG) 
are important preventable risk factors for adverse maternal 
and neonatal outcomes (25). Excessive maternal GWG and 
obesity are associated with an increased risk of metabolic 
and immunological dysfunction (26). Previous studies have 
indicated that excessive GWG and obesity during pregnancy 
are associated with increased secretion of adipokines and 
inflammatory cytokines (27,28). However, the pathophysi-
ological mechanisms that underlie an increased body mass 
index (BMI) remain to be fully elucidated. Abnormal lipid 
levels and immunological dysfunction are likely to be 

important factors that contribute to disorders during preg-
nancy. At present, there is limited information on the effects 
of the immune mechanisms that link lipid metabolism and 
high BMI to the pathogenesis of DPE. The present study 
aimed to investigate the association between the levels of 
maternal lipids, blood glucose, IL-17/IL-35 and BMI in order 
to examine the risk factors for DPE.

Materials and methods

Study population. The present study comprised 30 patients 
with DPE, 33 patients with GDM, 33 patients with PE and 33 
subjects with normal pregnancy were enrolled from regular 
checkups performed in the Department of Obstetrics of the 
Maternity and Child Health Hospital of Zhenjiang (Jiangsu, 
China) between January 2013 and August 2016. PE was consid-
ered when hypertension (≥140/90 mmHg) was detected on two 
separate occasions with an interval of >6 h. Proteinuria was 
considered to be present when the 24-h total urinary protein 
excretion was ≥300 mg/24 h. PE was categorized as severe 
when the systemic blood pressure was ≥160/110 mmHg, or if 
there was consistent proteinuria (>5 g/24 h). GDM was diag-
nosed using the criteria of the American Diabetes Association 
(ADA), where, following a 75-g oral glucose tolerance test 
during 24-28 weeks of gestation, one of the three following 
categories was fulfilled: Based on the one-step approach 
recommended by the ADA, the pregnant women were defined 
as having GDM if they had at least one abnormal high glucose 
value out of three 75 g OGTT, fasting blood glucose (FBG), 
≥5.1 mmol/l, 1 h post 75‑g oral glucose load, ≥10.0 mmol/l, 
and 2 h post 75‑g oral glucose load, ≥8.5 mmol/l (27). Patients 
with cardiovascular, renal, metabolic disease and an abortion 
history were excluded from the study. None of the patients 
were undergoing treatment or received any medication within 
2 months prior to sample collection. The ethics committee of 
the Maternity and Child Health Hospital (Zhenjiang, China) 
approved the study protocol, and all participants provided 
written informed consent. Their clinical characteristics are 
listed in Table I.

Blood sample preparation. Venous blood samples (10 ml) were 
obtained by venipuncture from patients with GDM, PE, DPE 
and normal pregnancy. Following centrifugation for 10 min 
at 3,000 x g at 20˚C, the serum was stored at ‑80˚C for later 
analysis of the cytokines. Peripheral blood mononuclear cells 
(PBMCs) were isolated using the standard Ficoll-Hypaque 
method (11).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was isolated from PBMCs using TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA). Complementary (c)DNA was synthesized using 
the High-Capacity cDNA Reverse Transcription kit (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. The mRNA levels of forkhead 
box P3 (FoxP3), P35, EBI3, IL-17 and β-actin were deter-
mined using the SYBR Green two-step RT-qPCR kit (Bio-Rad 
Laboratories, Inc., Hercules, CA, USA) according to the manu-
facturer's protocol and as previously described (11). β-actin 
was used as a housekeeping gene. The primer sequences for 
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FoxP3, P35, EBI3, IL-17 and β-actin are listed in Table II. 
Quantification was performed using the 2-∆∆Cq method (29).

Analysis of cytokines and CRP using ELISA. The concentra-
tions of serum IL-35, IL-17 and CRP were analyzed using 
a commercial ELISA 3 plex sample kit according to the 
manufacturer's protocols (IL‑17 cat. no. KAC1591; CRP cat. 
no. 88-7502-28; IL-35 cat. no. 439508 LEGEND MAX™ 
Human; Thermo Fisher Scientific, Inc, Waltham, MA, USA). 
All samples were analyzed in duplicate.

Biochemical analysis. The levels of serum TG, TC and HDL 
were measured using an automatic biochemistry analyzer 
(AU5800; Beckman Coulter, Inc., Brea, CA, USA). The levels 
of LDL and VLDL were calculated using the Friedewald 
equation (30). The glucose levels in maternal blood were 
determined using an enzymatic system (TMRUSGT15-0901; 
Beckman Coulter, Inc.).

BMI. The BMI was calculated using the Friedewald formula 
(kg/m2) and according to the Institute of Medicine classifica-
tion and the published recommended guidelines for gestational 
weight gain (30), the patients were categorized as follows: 
Underweight, <18.5 kg/m2; normal weight, 18.5-24.9 kg/m2; 
overweight, 25.0-29.9 kg/m2 and obese, ≥30.0 kg/m2. Maternal 
patients with missing data regarding height, weight prior to 
pregnancy or time of delivery were excluded from the sample.

Statistical analysis. The statistical significance of differ-
ences among groups was assessed with GraphPad Prism 

(version 5.0; GraphPad Software, Inc., La Jolla, CA, USA). 
Values are expressed as the mean ± standard deviation. 
P<0.05 was considered to indicate a statistically significant 
difference. One-way analysis of variance with a post-hoc 
Turkey's test was performed to determine the differences 
in the means among multiple groups and was used for 
assessment of differences between two groups. Pearson's 
correlation coefficients were calculated for the assessment of 
correlations between variables.

Results

Elevated blood pressure in patients with DPE. In the present 
study, it was observed that the SBP and DBP in patients with 
PE and DPE were significantly higher compared with NP and 
patients with GDM. In addition, it was identified that the mean 
arterial pressure (MAP) were significantly higher in patients 
with GDM, PE and DPE compared with NP. These differences 
in MAP were significantly higher in patients with PE compared 
to patients with DPE. Of note, the MAP of patients with GDM 
was 97.50±10.34 mmHg, and an MAP of ≥85 mmHg is indica-
tive of a tendency to develop PE (1) (Fig. 1).

Elevated levels of FBG in patients with DPE. The glucose levels 
in maternal blood were determined by ELISA. As indicated in 
Fig. 2, elevated levels of FBG were detected in patients with 
GDM, PE and DPE compared with NP. Furthermore, patients 
with DPE and GDM also exhibited elevated levels of FBG 
compared with PE. These results suggest that DPE and GDM 
have similar metabolic disorder characteristics by high level of 

Table I. Demographic data of the pregnant subjects.

 NP GDM PE DPE
Parameter (n=33) (n=33) (n=33) (n=30)

Maternal age (years) 28.70±1.16 29.20±1.03 28.20±6.97 29.90±1.37
Gestational age (weeks) 38.57±0.98 38.70±1.40 36.47±1.60 38.10±1.20
Nulliparous 23 (69.7) 20 (60.6) 19 (57.6) 21 (70.0)
Smokers 0 (0.0) 1 (3.0) 1 (3.0) 1 (3.3)
Proteinuria 0.080±0.01   0.92±0.61      4.27±1.04a,b 2.91±0.64a

aP<0.05, vs. NP and GDM; bP<0.05, vs. DPE. Values are expressed as n (%) or the mean ± standard deviation. NP, normal pregnancy; PE, 
preeclampsia; GDM, gestational diabetes mellitus; DPE, GDM with PE.

Table II. Primers for polymerase chain reaction.

Gene Forward primer Reverse primer

P35 5'‑TCCTCCCTTGAAGAACCGGA‑3' 5'‑TGACAACGGTTTGGAGGGAC‑3'
EBI3 5'‑TCCTTCATTGCCACGTACAG‑3' 5'‑GCTCTGTTATGAAAGGCACG‑3'
FoxP3 5'‑TGAGAAGGACAGGGAGCCAA‑3' 5'‑GAGAAGCTGAGTGCCATGCA‑3'
IL‑17 5'‑CTCCAGAAGGCCCTCAGACTAC‑3' 5'‑GGGTCTTCATTGCGGTGG‑3'
β‑actin 5'‑TGGCACCCAGCACAATGAA‑3' 5'‑CTAAGTCATAGTCCGCCTAGAAGCA‑3'

FoxP3, forkhead box protein 3; EBI3, Epstein-Barr virus-induced gene 3; IL, interleukin.
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blood glucose. It has been reported that elevated blood glucose 
levels of GDM have effects on other tissues (31). Therefore, 
the resultant hypertrophy and proliferation of vascular smooth 
muscle may contribute to hypertension.

Hyperlipidaemia and high BMI in patients with DPE. As 
presented in Fig. 3, significantly higher levels of serum TG 
were identified in patients with GDM, PE and DPE compared 
with NP and the difference in TG were also significantly 
higher in GDM compared with PE and DPE. There were 
significantly higher levels of serum TC in patients with GDM, 
PE and DPE compared with NP and this difference of TC were 
also significantly higher in DPE compared with PE and GDM. 
In addition, there were significantly higher levels of serum 
LDL in patients with GDM, PE and DPE compared with NP 
and this difference LDL were also significantly higher in PE 
compared with DPE and GDM. Significantly higher levels 
of serum VLDL in patients with GDM, PE and DPE were 
observed when compared with NP and VLDL levels were also 
significantly higher in PE compared with GDM. In addition, 
higher BMI values were identified in patients with GDM, PE 
and DPE. Of note, lower concentrations of HDL were detected 
in patients with GDM, PE and DPE compared with those in 
subjects with normal pregnancy.

mRNA expression of FoxP3, P35, EBI3 and IL‑17 in patients 
with DPE. As previous studies have indicated a role for the 
IL-17/IL-35 imbalance in the pathogenesis of PE (11), possible 
alterations of the mRNA expression of FoxP3, P35, EBI3 and 
IL-17 were examined in the patients with GDM, PE and DPE. 
As indicated in Fig. 4, the mRNA expression of P35, EBI3 and 
FoxP3, which is characteristic of Treg cells, was decreased, 
while the expression of IL-17 was elevated in patients with 
GDM, PE and DPE compared with NP. These results suggested 
a potential involvement of the IL-17/IL-35 imbalance in GDM, 
PE and DPE.

Serum cytokine and CRP concentration. The production 
of the Th17-associated cytokines IL-17 and IL-35 by Tregs 
in patients with GDM, PE and DPE are indicated in Fig. 5. 
Significantly higher serum levels of IL‑17 were observed in 
patients with GDM, PE and DPE compared with NP. This 
difference in IL‑17 was also significantly higher in PE and 
DPE compared with GDM (Fig. 5A). By contrast, lower levels 
of IL-35 were observed in patients with GDM, PE and DPE 
compared with NP and levels of IL‑35 were also significantly 

lower in PE and DPE compared with GDM (Fig. 5B). The 
levels of CRP, a systemic inflammatory marker, were signifi-
cantly elevated in patients with GDM, PE and DPE. CRP 
was also significantly higher in PE and DPE compared with 
GDM (Fig. 5C). These results suggest an abnormal immune 
response in patients with GDM, PE and DPE, which is 
characteristic of a shift to Th17-type immunity and systemic 
inflammation.

Correlation of DBP with IL‑17, BMI and TG, as well as IL‑17 
with proteinuria and BMI in patients with DPE. As indicated 
in Fig. 6, positive correlations were identified between the 
DBP and the levels of IL-17 (r=0.8718 and P<0.001), the 
BMI (r=0.6575 and P<0.05) and TG (r=0.8058 and P<0.001). 
In addition, positive correlations between IL-17 levels and 
the BMI as well as between IL-17 levels and the presence of 
proteinuria were identified in patients with DPE (r=0.9020 
and r=0.7666, respectively; P<0.01 for each). Based on these 
observations, it was hypothesized that elevated IL-17, BMI and 
TG are probably involved in the development of endothelial 
dysfunction with major effects, including elevated DBP and 
proteinuria.

Discussion

GDM is a group of metabolic disorders characterized by 
hyperglycemia. GDM is 6-10 times more common than 
pre-gestational diabetes mellitus. GDM occurs in 4.3-17.5% of 
all pregnancies in China (32). Hyperglycemia has prominent 

Figure 2. Levels of FBG in patients with GDM, PE and DPE. FBG, fasting 
blood glucose; GDM, gestational diabetes mellitus; PE, preeclampsia; DPE, 
GDM with PE; NP, normal pregnant subjects.

Figure 1. Blood pressure in patients with GDM, PE and DPE. (A) The SBP, (B) DBP and (C) MAP of the patients in each group. GDM, gestational diabetes 
mellitus; PE, preeclampsia; DPE, GDM with PE; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; NP, normal 
pregnant subjects.
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effects on the mother, the course of the pregnancy and the 
fetus (33). In the present study, elevated levels of FBG were 
detected in patients with GDM, PE and DPE compared with 
those in subjects with normal pregnancy. Furthermore, the 
levels of FBG were also increased in patients with DPE and 
GDM compared with those in patients with PE. These results 
suggest that high blood glucose levels during pregnancy are 
common in patients with GDM. Of note, it was reported that 
elevated blood glucose levels in GDM patients affect other 
tissues, particularly small blood vessels (34). Therefore, the 
resultant hypertrophy and proliferation of vascular smooth 
muscle may contribute to the association between GDM 
and the subsequent development of PE (35). Although the 
mechanisms remain to be fully elucidated, several studies 

have suggested that hyperglycemia has a role in the etiology 
of these diseases (36,37). A hypothesis for this observation 
is that when blood glucose levels remain excessively high for 
extended periods of time, this induces damage to blood vessels, 
particularly small blood vessels (38). Furthermore, the present 
study identified that MAP values were significantly higher 
in patients with GDM, PE and DPE compared with those in 
normal pregnancy. In particular, the MAP of patients with 
GDM (97.50±10.34) was ≥85 mmHg, indicative of a tendency 
to develop PE (9). These results suggest that hyperglycemia 
in GDM may lead to vascular dysfunction and the subsequent 
complication of PE.

In the present study, significantly higher levels of serum 
TG, TC, LDL and VLDL were identified in patients with GDM, 

Figure 4. mRNA expression of FoxP3, P35, EBI3 and IL-17 in patients with GDM, PE and DPE. mRNA Levels of (A) IL-17, (B) P35, (C) EB13 and (D) FoxP3 
in each group. FoxP3, forkhead box protein 3; EBI3, Epstein-Barr virus-induced gene 3; IL, interleukin; GDM, gestational diabetes mellitus; PE, preeclampsia; 
DPE, GDM with PE; NP, normal pregnant subjects.

Figure 3. Lipid profile and BMI of patients with GDM, PE and DPE. Levels of (A) TG, (B) TC, (C) LDL, (D) VLDL and (E) Serum HDL of patients in each 
group. (F) The BMI of patients in the GDM, PE and DPE group upon enrollment. BMI body mass index; DPE, GDM with PE; GDM, gestational diabetes 
mellitus; PE, preeclampsia; TG, triglyceride; TC, total cholesterol; LDL, low-density lipoprotein; VLDL, very LDL; HDL, high-density lipoprotein; NP, 
normal pregnant subjects. 
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PE and DPE compared with those in subjects with normal 
pregnancies. By contrast, decreased HDL concentrations were 
identified in patients with GDM, PE and DPE. These results 
indicate that high TG, TC, LDL and VLDL, as well as low 
HDL levels, may be associated with DPE. The HDL concen-
tration generally increases throughout pregnancy (39); HDL 
is a vasodilator, which may reverse cholesterol transport by 
carrying excess, potentially harmful cholesterol to the liver for 
excretion (40). A number of HDL constituents may interact 
with the vascular endothelium (41,42). Various of studies have 
reported that elevated TG, TC, LDL and VLDL levels and 
decreased HDL levels may serve a role in the development of 
endothelial damage and vascular dysfunction (43,44). Obesity, 
which is primarily caused by intake and storage of nutritional 
substrates, is an important public health issue (45). In the 
present study, the patients with DPE had an elevated BMI. 
In pregnant women who are obese, the plasma levels of TG 
and VLDL are higher, and the concentration of HDL is lower 
compared with those in non-obese pregnant women (46). It 
is possible that in pregnant women who are obese, the HDL 
concentration may be insufficient to fully protect the maternal 

vascular endothelium. Obese pregnant women are at a higher 
risk of endothelial dysfunction, thereby increasing the risk 
of developing DBP (47). Furthermore, positive correlations 
between DBP and BMI, and between DBP and TG were 
observed in patients with DPE. The present study indicated 
that abnormal lipid metabolism and elevated BMI are also risk 
factors for DBP.

Normal pregnancy is a state of immune tolerance (48). 
Maternal T lymphocytes acquire a transient state of toler-
ance for paternal alloantigens. T cells are a major component 
of the immune response and have an important role at the 
maternal-fetal interface (49). The impaired recruitment 
of T cells in the peripheral blood has been associated with 
disorders during pregnancy and the overactivation of the 
immune system (50). Treg cells may have an important role 
in avoiding maternal immune self-reactivity and establishing 
immune tolerance during pregnancy (51). The expression of 
FoxP3 is regarded as a characteristic of Treg cells, which 
distinguishes Treg cells from activated CD4+ T cells (51). 
IL-35 is only produced by Treg cells; the biological functions 
of IL-35 include the direct suppression of the proliferation 

Figure 5. Serum levels of CRP and cytokines IL-17 and IL-35 in patients with GDM, PE and DPE. Serum levels of (A) IL-17, (B) IL-35 and. (C) CRP of patients 
in each group. CRP, C-reactive protein; IL, interleukin; GDM, gestational diabetes mellitus; PE, preeclampsia; DPE, GDM with PE; NP, normal pregnant 
subjects. 

Figure 6. Correlations between various parameters in patients with DPE. (A) A significant positive correlation was detected between elevated IL‑17 and 
DBP. (B) Positive correlation between increased BMI and DBP. (C) Positive correlation between elevated TG levels and DBP. (D) There was a significant 
positive correlation between serum IL-17 and proteinuria in patients with DPE. (E) A positive correlation was detected between serum IL-17 and the BMI. IL, 
interleukin; BMI, body mass index; TG, triglyceride; DBP, diastolic blood pressure; DPE, gestational diabetes mellitus with preeclampsia.
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and development of Th17 cells (52). A previous study has 
demonstrated that Treg cells and Th17 significantly increase 
and decrease, respectively, in a balanced state (Th17 and 
Treg cells form a complex and dynamic network to maintain 
homeostasis during normal pregnancy (53). On the other 
hand, Th17 plays a critical role in the induction of inflamma-
tion and Treg cells are essential for maintaining pregnancy 
and regulating inflammation. A previous study by our group 
demonstrated a decreased number of Treg cells in pregnan-
cies with complications, including PE and miscarriage (54). 
In the present study, it was observed that the expression of 
FoxP3 and IL-35 declined in patients with GDM and DPE, 
suggesting that a reduced production of Treg cells may lead 
to inflammation. IL‑17 and CRP are involved in low‑grade 
inflammation (55). IL-17 is a characteristic inflammatory 
cytokine expressed by Th17 cells. IL-17 is hypothesized 
to serve as a link between somatic tissues and the immune 
response (56). The present study revealed that the levels of 
IL-17 and CRP are elevated in patients with DPE, whereas these 
factors are downregulated in a normal pregnancy. However, 
the levels of IL‑17 and CRP are also significantly lower in 
normal pregnancy compared with non-pregnant individuals. 
Similar to other gestation-associated diseases (including PE 
and GDM), DPE was associated with a decreased expression 
of FoxP3 and IL-35, and an increased expression of IL-17. 
Therefore, maternal immune tolerance that is present in 
normal pregnancies may be less effective with concurrent 
DPE. The results of the present study suggest that an imbal-
ance between pro‑inflammatory factors (e.g., IL‑17 and CRP) 
and anti‑inflammatory factors (e.g., IL‑35) is implicated in 
the pathogenesis of GDM, PE and DPE. Th17 cells may serve 
important roles in the pathogenesis of numerous inflammatory 
conditions, which are associated with complications during 
pregnancy. IL‑35 is a newly identified immunosuppressive 
cytokine exclusively produced by Treg cells. It has been 
demonstrated that lymphocytes are endogenously polarized to 
IL-17 to induce a decrease in IL-35 (57), in patients with DPE. 
These data indicate that the blood environment characterized 
by increased Th17 and decreased Treg may contribute to the 
imbalance of circulating Th17/Treg in patients with DPE. CRP 
is a systemic inflammatory marker and a component of the 
innate immune system. Elevated levels of CRP may reflect an 
inflammatory state in women with DPE (58). Previous studies 
observed that the cytokine balance between Th1 cytokines 
(e.g., IL-2 and interferon-γ) and Th2 cytokines (e.g., IL-4) was 
broken in pregnant women with diabetes. Several studies have 
reported on this Th1/Th2 (IL-4) imbalance, also known as 
the pro‑inflammatory/anti‑inflammatory cytokine imbalance, 
in diabetes (59). Therefore, the role of immune activation and 
inflammation in the pathogenesis of DPE is worthy of further 
investigation. Furthermore, the present study indicated that 
enhanced levels of IL-17 in patients with DPE were positively 
correlated with increased proteinuria, DBP and BMI. These 
results suggested that a systemic inflammatory state may lead 
to damage to blood vessels and endothelial dysfunction. It 
appears that an abnormal maternal lipid profile, high BMI and 
an IL-17/IL-35 imbalance are involved in the development 
of endothelial dysfunction. These factors have major effects 
that lead to elevated blood pressure and proteinuria, as those 
parameters reflect endothelial function (60).

Of note, the present study has certain limitations. First, 
all of the study participants were recruited at one hospital. 
Furthermore, the number of recruited patients was relatively 
small. Therefore, further studies with a large sample size 
should be performed in the future.

In summary, the present study demonstrated that the DPE 
group was similar to the PE group with regard to systemic 
inflammation, as indicated by the increased levels of IL‑17 
and CRP, as well as the decreased levels of FoxP3 and IL-35. 
It was indicated that an abnormal maternal lipid profile, high 
BMI, hyperglycemia and low HDL may be involved in the 
endothelial injury that is associated with the pathogenesis of 
DPE. In addition, positive correlations of the DBP with the 
BMI, TG and IL-17 levels were observed. There were also 
positive correlations between IL-17 levels and BMI, as well 
as between IL-17 levels and proteinuria. These results suggest 
that systemic inflammation and endothelial dysfunction may 
be involved in the pathogenesis of DPE. Further studies are 
required to link systemic inflammation and endothelial 
dysfunction with the mechanisms of DPE.
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