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Abstract: In pregnancy, the immunologic system plays an important role that ensures normal pregnancy develop-
ment and can as well promote the development of complications. Pregnancy success appears to rely on a discrete 
balance between the Th cytokines, which are involved in fetal growth and development. Preeclampsia and gestation-
al diabetes are known complications associated with pregnancy. However, the source of the increased IL-17 cytokine 
in preeclampsia and other pregnancy associated diseases still remains unclear amidst numerous inconsistencies. 
The recent identification of innate lymphoid cells (ILC) has raised more doubts about the sources of most of the Th 
associated cytokines. We investigated the source of peripheral IL-17 levels in preeclamptic, gestational diabetics 
and chronic diabetics compared to healthy pregnancy subjects. To evaluate the source of the increased IL-17 cyto-
kine among preeclampsia, chronic diabetic and gestational diabetic patients we investigated the proportion of Th17 
cell populations in peripheral blood mononuclear cells using flow cytometry as well as analyzing levels of IFN-γ, IL-17, 
IL-1β and HMGB1. This study found that the Th17 cell populations in peripheral blood of preeclamptic, gestational 
nor chronic diabetes during pregnancy did not correlate with the increased IL-17. We report that the increased IL-17 
levels observed in patients with preeclampsia, gestational diabetes and chronic diabetes are associated with innate 
lymphoid cells 3 (ILC3) and may pose threats to the fetus if disregulated.
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Introduction 

Pregnancy is a state of immune tolerance that 
prevents maternal rejection of the fetus. 
Preeclampsia and gestational diabetes are the 
most common major medical complications of 
pregnancy. Preeclampsia represents the lead-
ing cause of both fetal and maternal morbidity 
and mortality, affecting 5-10% of all pregnan-
cies and can result in a variety of maternal and 
fetal complications, including seizures, stroke, 
hepatic failure, renal failure, intrauterine growth 
retardation, fetal distress, premature delivery, 
and death [1]. Even though the cause of  
preeclampsia remains a mystery, it is vastly 
becoming associated with chronic immune 
activation [2, 3]. Gestational diabetes on the 
other hand affects 3-5 percent of pregnancies, 
resulting in a variety of complications that pri-

marily affect the fetus, including macrosomia, 
stillbirth, jaundice, and respiratory distress syn-
drome [4]. The maternal immune system plays 
a vital role in the establishment and mainte-
nance of pregnancy and successful birth [5, 6]. 
It is been established that gestational diabetes 
[7] preeclampsia and preterm birth are all asso-
ciated with altered maternal immune parame-
ters, and there is a compelling body of evidence 
that immunological factors play a major role in 
the causal pathways underlying these diseases 
[5, 8]. 

It has been previously speculated that the 
increased IL-17 in pregnancy associated dis-
eases sources from CD4+ T cells [9]. While 
CD4(+) and CD8(+) T cells are important sourc-
es of IL-17 cytokine, recent evidence has sug-
gested that γδ T cells and a number of families 
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of innate lymphoid cells (ILCs) can secrete IL-17 
and related cytokines [10]. The ILCs are a group 
of hematopoietic cells devoid of antigen recep-
tors that have important functions in lymphoid 
organogenesis, in the defense against extracel-
lular pathogens, and in the maintenance of the 
epithelial barrier [11]. The importance of these 
cells previously unappreciated ILCs lie in their 
ability to produce many TH cell-associated 
cytokines. On the basis of their functional and 
developmental characteristics, three main 
groups of ILC have been identified: ILC1, ILC2 
and ILC3 [12, 13]. The group 1 ILCs express the 
transcription factor T-bet and secrete T helper 
type-1- (Th1-) related cytokines, notably IFNγ 
and tumor necrosis factor (TNF). The group 2 
ILCs is dependent on the transcription factor 
RORα, expresses Gata-3 and the chemokine 
receptor homologous molecule (CRTH2) and 
produce Th2-related cytokines IL-5, IL-9, IL-13. 
The ILC3 express the transcription factor RORγt 
and synthesize interleukin- (IL-) 17, IL-22, and 
under specific stimuli, interferon-γ [11, 14]. 
Evidence is emerging that these newly recog-
nized ILCs have been detected in disease mod-
els. Human ILCs have been found at inflamma-
tory sites such as the nasal tissue in rhinosi-
nusitis [15], the gastrointestinal tract in Crohn’s 
disease [16] and the skin in atopic dermatitis 
[17]. This family of innate cells has also been 
identified in human tissues [15] and peripheral 
blood of asthmatics [18] as well as human cord 
blood.

Even though the function, peripheral blood 
expression, and physiologic importance of IL-17 
is not well established in pregnancy and preg-
nancy associated diseases, it has been found 
that IL-17 can play both pathological and 
protective roles in pregnancy associated dis-
eases [10]. Many researchers have reported 
that the IL-17 produced during pregnancy is 
known to induce hypertension [19] by stimulat-
ing oxidative stress [20]. The study was aimed 
at identifying the source of the increased IL-17 

in preeclampsia and other pregnancy associat-
ed diseases. This paper reports for the first 
time that the increased IL-17 detected in pre-
eclamptic, gestational diabetics and chronic 
diabetics may not be produced by TH17 cells as 
have been previously reported but by ILC3.

Materials and methods

Patients 

Informed written consent was obtained from all 
patients included in this study. Sixty-three (63) 
pregnant Chinese women at 38 week gestation 
period receiving ante natal care from the Fourth 
Affiliated People’s Hospital of Jiangsu University 
consisting of 15 chronic diabetics, 14 gesta-
tional diabetics and 17 preeclampsia patients 
whose age ranged from 19 to 41 years con-
sented to be included in this study. Preeclampsia 
was defined as the onset of new hypertension 
in the second half of pregnancy (blood pressure 
> 140/90 mm Hg) and new proteinuria (> 300 
mg in a 24-h urine collection in the proven 
absence of a urinary tract infection) with a 
return to normal postnatally [21].

Gestational diabetes as defined by World 
Health Organization is hyperglycaemia with 
blood glucose values above normal but below 
those diagnostic of diabetes, occurring only 
during pregnancy. Chronic diabetes was defined 
as having fasting blood glucose level of 7 
mmol/l or higher, and on medication for raised 
blood glucose or with a history of diagnosis of 
diabetes for three months and more. Seventeen 
[17] healthy pregnant women without any clini-
cal signs of diabetes and high blood pressure 
were simultaneously included as control was 
recruited into this study. Control group women 
had no history of any still birth, preterm and 
post-term labor, gestational and chronic diabe-
tes, ectopic pregnancy, preeclampsia and 
abnormal pregnancy. The characteristics of 
these pregnant women are summarized in 
Table 1. Enrollment took place between August 
2013 and November 2014. This study was 
approved by the ethical committee of Jiangsu 
University.

Cell preparation

Peripheral blood samples were collected from 
the study subjects and healthy pregnant volun-
teers. Peripheral blood mononuclear cells 

Table 1. The demographic characteristics of 
the patients are summarized below
Groups N Age
Control 17 25.01 ± 3.20 
PE 17 26.12 ± 5.82
CD 15 29.34 ± 6.01
GD 14 31.04 ± 3.62
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(PBMCs) were isolated by Ficoll-Hypaque densi-
ty-gradient centrifugation. Cells at the interface 
were harvested, washed twice, and resuspend-
ed in phosphate buffered saline (PBS). Viable 
cells were counted by the trypan blue staining 
method. More than 95% of the cells were via-
ble. The cell suspensions were divided into two 
equal aliquots; one was immediately used for 
the experiments. The other was cryopreserved 
at -80°C and thawed for testing at a later date.

Flow cytometry

For analysis of Th17 cells, PBMC (2×106 cells/
ml) were suspended in complete culture medi-
um that contained RPMI 1640 with L gluta-
mine, penicillin (100 U/ml), streptomycin (10 
mg/ml) and 10% fetal bovine serum (FBS). This 
cell suspension (2×106 cells/ml) was trans-
ferred to the 24-well plates. Phorbol 12-myri- 
state 13-acetate (PMA, 150 ng/ml) and iono-
mycin (1 μM) were added to each well in the 
presence of monensin (500 ng/ml) for 12 
hours (all purchased from Sigma, USA). Then, 
cells were incubated at 37°C in a humidified 5% 

CO2 atmosphere. After 12 hours, cells were 
washed with PBS at 1500 rpm for 5 minutes. 
After stimulation of PBMC in vitro, the cells 
were incubated with fluorescein isothiocyanate 
(FITC) anti-human CD4 at 4°C for 30 minutes. 
After surface staining, the cells were fixed and 
permeabilized with BD Cytofix/Cytoperm solu-
tion and stained with phycoerythrin (PE) anti-
human IL-17A. The isotype control antibody was 
used in all cases. Data acquisition and analysis 
were performed on FACSCalibur flow cytometer 
(Becton Dickinson, CA, USA) using CellQuest 
software (Becton Dickinson, CA, USA).

Lymphocyte cell counts

Maternal venous blood was collected before 
delivery. Blood samples were processed within 
2 hours after collection. Whole blood (EDTA as 
anticoagulant) was used to perform hemato-
logic studies. Blood serum and plasma were 
separated from blood cells and aliquots were 
stored at -80°C until assayed.

Enzyme-linked immunosorbent assay (ELISA)

For quantitative detection of IFN-γ, IL-17, IL-1β 
and high mobility group box 1 (HMGB1) in  
plasma, commercially available ELISA kits were 
used according to manufacturer’s instruction 
(Biovender). All samples were run in batches to 
minimize inter-assay variability. All samples 
were measured in triplicates and the mean  
concentration was calculated from the stan-
dard curve.

Statistical analysis

The statistical analysis was performed with 
GraphPad Prism, Version 5.0, software (San 
Diego, CA, USA). Correlations between vari-
ables were determined by Spearman’s correla-
tion coefficient. The rest of the data were  
analyzed by the independent Student’s t test 
and Anova was used to compare differences 
between the groups. Differences were consid-
ered statistically significant when the P-value 
<0.05. 

Results

Characteristics of pregnant women enrolled 
for the study

Patients recruited for this study had all attained 
at least 38 weeks of gestation. No significant 
difference was observed in the ages of the 

Figure 1. Percentage Lymphocyte cell counts in pa-
tients and healthy controls. Lymphocyte cell counts 
were determined by the blood count analyzer and 
calculated as % lymphocyte count. Data were ana-
lyzed by independent Student’s t-test and one way 
Anova to compare the three groups. *P<0.05, vs. 
control group. Healthy pregnant controls C; PE,  
Preeclampsia; GD, Gestational diabetes; CD, Chronic 
diabetes.
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study participants. Data presented as means ± 
SE. PE: Preeclampsia, CD: Chronic diabetes, 
GD: Gestational diabetes.

Elevated lymphocyte counts among the PE, CD 
and GD patients

Maternal venous blood was collected before 
delivery. Blood samples were processed within 
2 hours after collection. Lymphocyte cell counts 
were determined by the blood count analyzer 
and calculated as % lymphocyte count. The 
level of individual lymphocyte counts was sig-
nificantly elevated in preeclampsia patients as 
compared to healthy pregnant controls (P< 
0.05; Figure 1). As shown in Figure 1, the pro-
portion of lymphocyte cell counts in patients 
with gestational diabetes was also significantly 
higher compared to patients with chronic dia-
betes (P<0.05). Moreover, the proportion of 
lymphocyte cell counts in patients with pre-
eclampsia and gestational diabetes showed 
significant difference (P<0.001). There were 
significant differences between the proportions 

and GD patients compared to the control sub-
jects (P<0.05). In addition, there were signifi-
cant differences in IFN-γ and IL-1β concentra-
tions between the PE and CD patients.

IL-17 producing ILCs 3 not Th17 cells might be 
a potential danger factor for PE, CD and GD 
patients

Th17 cells were determined by flow cytometry 
and calculated as % PBMC. The level of individ-
ual Th17 cells was not significantly elevated in 
preeclampsia patients as compared to healthy 
pregnant controls (P > 0.05; Figure 3B). The 
proportion of Th17 cells in patients with gesta-
tional diabetes was not significantly higher 
compared to patients with chronic diabetes 
(2.30 ± 0.51 vs. 1.93 ± 0.34%; P > 0.05). 
Moreover, the proportion of Th17 cells in 
patients with preeclampsia and gestational  
diabetes showed no significant difference (1.80 
± 0.45% vs. 2.30 ± 0.51%; P=0.2430). There 
were no significant differences between the 
proportion of Th17 cells among the various 
study groups (P > 0.05).

Figure 2. Plasma concentrations of cytokines in patients and healthy con-
trols. Plasma concentrations of IFN-γ, IL-17, IL-1β and HMGB1 in Preeclamp-
tic, Chronic diabetic, Gestational diabetic patients and healthy controls were 
determined by ELISA. Data were analyzed by independent Student’s t-test and 
one way Anova to compare the three groups. *P<0.05 vs. control group. ELISA, 
Enzyme linked immunosorbent assay; IFN, Interferon; IL, Interleukin. HMGB1: 
High Mobility Group Box 1. Healthy pregnant controls C; PE, Preeclampsia; GD, 
Gestational diabetes; CD, Chronic diabetes.

of lymphocytes among the 
various study groups (P< 
0.0438).

Increased IFN-γ, IL-17, IL-
1β  and HMGB1 in plasma 
from PE, CD and GD pa-
tients

Plasma IFN-γ, IL-17, IL-1β  
and HMGB1 were deter-
mined by ELISA. As shown 
in Figure 2A, HMGB1 con-
centrations were signifi-
cantly higher in the PE, CD 
and GD patients compared 
to the control subjects 
(P<0.05). From Figure 2B, 
IL-17 concentrations were 
significantly higher in the 
PE, CD and GD patients 
compared to the control 
subjects (P<0.05). In Figure 
2C. IFN-γ concentrations 
were significantly higher in 
the PE, CD and GD patients 
compared to the control 
subjects (P<0.05). Figure 
2D shows that IL-1b con-
centrations were signifi-
cantly higher in the PE, CD 
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Figure 3. A. Representative diagram of flow cytome-
try analysis for circulating Th17 cells. Th17 cells from 
the study groups: Healthy pregnant controls C; PE, 
Preeclampsia; GD, Gestational diabetes; CD, Chronic 
diabetes; IL-17 PE: IL-interleukin phycoerythrin. B. 
Circulating Th17 cell frequencies. The frequency of 
Th17 cells in PBMC was analyzed by flow cytometry 
from the patients and healthy controls used in this 
experiment. Data were analyzed by independent Stu-
dent’s t-test and one way Anova to compare the three 
groups. Data presented as mean ± SE. *P<0.05 vs. 
control group. Healthy pregnant controls C; PE, Pre-
eclampsia; GD, Gestational diabetes; CD, Chronic 
diabetes; NS: Non significant.

Discussion

Innate lymphoid cells (ILCs) have recently 
gained much attention as important mediators 

of tissue homeostasis and inflammation [12]. 
ILCs may contribute to intestinal inflamma- 
tion through cytokine production, lymphocyte 
recruitment, and organization of the inflamma-



IL-17 producing ILC3 cells might be the potential danger for preeclampsia

11105 Int J Clin Exp Pathol 2015;8(9):11100-11107

tory tissue. ILCs are known to exhibit protective 
and pathologic functions either during the 
steady state, or following infection, inflamma-
tion or tissue damage [22]. However, the rele-
vance of ILC populations in human health and 
disease especially in pregnancy associated dis-
eases is currently poorly understood. Although 
a contribution of conventional αβ T cells to 
IL-17 and IL-22 cytokine production is well-
established [23], the contribution of innate 
immune cell subsets is less well understood. 
Recent data in both mouse experimental  
models [24] and in human immune-mediated 
pathologies, such as Crohn’s disease [25], have 
established a potential role of innate lymphoid 
cells (ILCs) as key sources of IL-17 and IL-22 
production in epithelial inflammatory disease. 
ILC3 have been shown to produce IL-17 in the 
gut of inflammatory bowel disease patients 
[16], suggesting a potential role in immune-
mediated diseases such as colitis and psoria-
sis. Despite the growing interest about innate 
sources of these proinflammatory cytokines, 
the ILC populations and roles in pregnancy 
associated diseases remains to be elucidated. 
The NKp44+ ILC3 subset of ILCs, previously 
demonstrated to produce IL-17 and IL-22 [16], 
is increased in frequency in both the peripheral 
blood and skin of psoriasis patients.

Amidst the inconsistencies about the Th17 cell 
populations, recent data suggest that the pro-
portion of Th17 cells might be decreased  
during pregnancy to prevent rejection [26, 27]. 
On the other hand, works by two research 
groups have proven that Th17 levels might not 
change in preeclampsia, although Th1 type 
immunity is predominantly observed in pre-
eclampsia [28, 29]. This is again consistent 
with our findings. Our data found no statistical 
significant difference between the populations 
of Th17 cells among our study group. This 
therefore supports the fact that they have no 
association with the observed increase IL-17 
cytokine. However, our data found statistically 
significant difference between the IL-17 levels 
among the study groups. This is consistent with 
findings from two independent groups which 
previously reported significantly higher levels of 
IL-17 in preeclamptic women than healthy preg-
nant women [30, 31]. This therefore suggests 
that there could be another group of cells 
responsible for this observed increase of IL-17 
levels detected in the preeclampsia and gesta-
tional diabetes. We confidently report that the 

IL-17 may be associated with the selective 
accumulation of a phenotypically distinct ILC 
population characterized by inflammatory cyto-
kine expression. This implies that Th17 cells 
may not have promoted the increase in IL-17 
levels observed in our study. ILCs have also 
been found to be the source of IL-17 in periph-
eral blood of Inflammatory Bowel Disease 
patients [25] as well as in the eye of experimen-
tal choroidal neovascularization disease [32]. 
Both studies showed that ILC3 were responsi-
ble for the increased IL-17 but not Th17 cells. 
Furthermore, it has been documented that 
ILC3 produce IL-17A following stimulation [33] 
and HMGB1/IFN-gamma axis have been report-
ed to stimulate the ILC-3 to produce IL-17 [32]. 
Furthermore, ILC3 respond to IL-1β and IL-23 to 
produce IL-17 and IL-22 [22]. Our study again 
found increased HMGB1 and IFN gamma levels 
in preeclampstic, gestational and chronic dia-
betics. This suggests that their increased levels 
promoted the observed increased IL-17 among 
the study groups. In pregnancy associated  
diseases, increased IL-17 therefore means 
increased ILC3 cell population and available 
data suggest that dysregulation or expansion of 
proinflammatory ILC populations may directly 
promote disease through the production of 
cytokines IL-17, IL-22, TNF-α and IFN-γ [22]. 
Emerging evidence suggest that there is the 
possibility of shift from protective to pathologic 
ILC responses in disease models which may 
involve lineage plasticity, altered expression of 
transcriptional regulators, or engagement of 
alternative activation pathways [16, 34]. Incr- 
eased IL-17A is an inflammatory cytokine [35] 
and has been reported to play a major role in 
the pathogenesis of preterm delivery [36] and 
again high levels of IL-17 have been recorded in 
spontaneous abortion cases [37]. In humans, it 
has been suggested that IL-17 can increase the 
invasive capacity of JEG-3 cells (a trophoblast-
like human choriocarcinoma cell line) and 
increase progesterone secretion significantly in 
in vitro coculture models [38]. This therefore 
means that dysregulated ILC3 in pregnant 
associated diseases may threaten the life of 
both the mother and fetus through excessive 
production of IL-17.

In conclusion, we demonstrated a higher pos-
sibility that the increased plasma HMGB1 in 
pregnancy associated diseases can lead to 
ILCs differentiation and subsequently produc-
tion of IL-17. Again the increased IL-17 in pr- 
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egnancy associated diseases including pre-
eclampsia and gestational diabetes may be 
produced by ILC3 and may pose a threat to 
fetus leading to spontaneous abortions if they 
are triggered to elicit uncontrolled inflammato-
ry responses.
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