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Dendritic cells derived from preeclampsia patients  
influence Th1/Th17 cell differentiation in vitro
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Abstract: Immune regulation plays important but as-yet-unclear roles in the development of preeclampsia. This 
study explored potential contributions to immune regulation by dendritic cells (DCs) derived from peripheral blood of 
preeclampsia patients on the differentiation of Th1 and Th17 cells. Pregnant women with preeclampsia (n = 73) and 
healthy pregnant women (n = 80) were included in the study. Peripheral blood samples were collected from each 
participant, and DCs were derived from peripheral blood mononuclear cells in vitro. The phenotypes of DCs, identi-
fied by CD14, CD80, CD83, and CD86 expression, were detected by flow cytometry, and secretion of interleukin-23 
(IL-23) into the culture medium by DCs was measured by ELISA. CD4 + T cells were separated by the magnetic beads 
and subjected to flow cytometry to determine their ability to differentiate to Th1 or Th17 cells. Compared with DCs 
derived from healthy pregnant women, DCs derived from preeclampsia patients expressed higher levels of CD83, 
CD80, and CD86 (P < 0.05). Additionally, secretion of IL-23 was higher in DCs derived from the preeclampsia group 
than from the control group (P < 0.001). DCs derived from preeclampsia patients also had a stronger ability to pro-
mote the differentiation of CD4 + T cells into Th1/Th17 cells when cultured with different cytokines (P < 0.01). Thus, 
altered phenotypes and functions of DCs may promote the abnormal balance of Th1 and Th17 in the development 
of preeclampsia.
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Introduction 

Preeclampsia (PE) is a condition in which 
women whose blood pressure is normal before 
pregnancy present with hypertension and pro-
teinuria after 20 weeks of gestation [1]. It is an 
idiopathic disorder that affects the systemic 
small arteries. One of the five hypertensive dis-
orders in pregnancy, preeclampsia can be life-
threatening for both mothers and fetuses due 
to risks of cerebral hemorrhage, coma, and pla-
cental abruption. Preeclampsia occurs in 
approximately 3%-5% of pregnancies [2, 3]. In 
developing countries, preeclampsia is contrib-
uting factor to preterm labor; although, medi-
cally, this is generally beneficial to mothers, it 
affects the health of babies [3]. Despite its 
global impacts, the causes of preeclampsia 
remain unknown, leading to a paucity of effec-
tive preventive methods. 

In 1976, James proposed the immune malad-
aptation hypothesis, leading to many studies 

uncovering the important role of the immune 
system in the etiology of preeclampsia [4]. With 
the development of molecular biology, newer 
hypotheses have emerged to describe its ori-
gins: immunological, abnormalities of vascular 
regulatory substances, placental ischemia, 
insulin resistance, nutritional deficiency, and 
heredity. Current concepts in reproductive 
immunology describe pregnancy as a success-
ful natural semiallograft, depending on the 
dynamic balance between the maternal 
immune system and the fetal immune system 
[5]. Since embryos are developed from fertil-
ized eggs with matrilineal and patrilineal tissue-
specific antigens, preeclampsia may be a dis-
ease of incompatibility between maternal 
immunity and fetal immunity. Normal pregnan-
cy is not rejected by the maternal body, which 
shows that a dynamic balance is maintained 
between the maternal immune system and the 
fetal immune system. In other words, there is a 
completely tolerant immune system; however, 
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once the balance is disrupted, immune rejec-
tion can result in adverse events like miscar-
riage and preeclampsia. Thus, the symptoms of 
the immune rejection will improve following the 
discharge of the fetus from the mother. This 
immunological hypothesis has been bolstered 
by recent studies uncovering a correlation 
between preeclampsia and the balance of Th1/
Th17 T-cell subsets [6, 7]. Th1 and Th17 cells 
produce cytokines that are correlated with the 
pathophysiological process of hypertensive dis-
orders in pregnancy [8, 9]. 

The antigen-presenting cells known as dendrit-
ic cells (DCs) are present in the blood and 
exposed to the tissues. Their role is to regulate 
the innate and acquired immune responses to 
environmental stimuli. As antigen-presenting 
cells, DCs can activate initial T cells to become 
the antigen-presenting cells of effector cells. 
The expressions of their mature state and sur-
face costimulatory molecules are a key link to 
producing immune responses in the body [10, 
11]. Initial CD4+ T lymphocytes are activated by 
antigen-presenting cells to differentiate into 
four cell subgroups-Treg, Th1, Th2, and Th17 
cells-with different biological functions [12]. 
These cells can be transformed into other types 
under certain conditions, thereby keeping the 
immune regulation in a dynamic balance [13]. 
Only DCs can activate initial T lymphocytes 
[14]. Although DCs play a key role in regulating 
the immune system, they can induce both 
immune tolerance and immune rejection. DCs 
are present during both pregnancy and decidu-
alization, which indicates that DCs may play an 
important role in immune regulation at the 
maternal-fetal interface [15, 16].

This study sought to uncover a contribution of 
DCs in the pathogenesis of preeclampsia. DCs 
differentiated from mononuclear cells in the 
peripheral blood were co-cultured with CD4+ T 
lymphocytes from preeclampsia patients and 
healthy pregnant women. The influence of DCs 
on the production of cytokines by CD4+ T lym-
phocytes was measured.

Participants and methods

Participants

This prospective study recruited 73 preeclamp-
sia patients from the Department of Obstetrics 
of Nantong Women and Children Health Care 

Hospital (Nantong, Jiangsu Province, China), 
who received treatment between June 2013 
and December 2013. Their mean age was 
27.11 ± 2.49 years and mean gestational age 
was 33.95 ± 1.94 weeks. As a control group, 
80 healthy pregnant women were selected 
from the department during the same period. 
Their mean age was 27.98 ± 3.74 years and 
mean gestational age was 34.15 ± 1.48 weeks. 
The diagnostic criteria for preeclampsia were 
used according to the definition published in 
2006 by the Royal College of Obstetricians and 
Gynecologists [17]. The differences in mean 
age and gestational age between groups were 
not statistically significant (P > 0.05), and both 
groups were free of complications in internal 
medicine, history of autoimmune diseases, and 
other obstetric complications. This study was 
approved by the Hospital Ethics Committee, 
and informed consent was obtained from the 
patients.

Reagents and apparatus

rhGM-CSF was purchased from United 
Pharmaceutical Co (Beijing Medical University, 
China). LPS, rhIL-4, and RPMI1640 culture 
medium were purchased from GIBCO (under 
Applied Biosystems; Grand Island, New York, 
USA). FITC-labeled anti-human CD80 and CD86 
antibodies, PE-labeled anti-human IFN-γ anti-
body, and Percp-labeled anti-human CD8 anti-
body were purchased from eBioscience (San 
Diego, California, USA). FITC-labeled anti-
human CD14, CD83, and IL-17 antibodies were 
purchased from Caltag Laboratories (California, 
USA). Recombinant human interleukin (IL)-2 
was purchased from Kingsley Pharmaceutical 
(Jiangsu, China). The IL-23 assay kit was pur-
chased from R&D Systems (Minneapolis, 
Minnesota, USA). FACSCalibur flow cytometer 
and immunomagnetic beads coupled with an 
anti-human CD4 were from BD (New Jersey, 
USA).

Culture of dendritic cells

Peripheral blood (10 mL) was collected from 
each participant into heparin-coated tubes. 
Peripheral blood mononuclear cells (PBMCs) 
were separated by the density-gradient centrif-
ugation method, washed 3 times using 
Complete RPMI 1640 medium, and placed in a 
6-well plate at a density of 5 × 109 cells /L. 
Cells were cultured at 37°C in 50 mL/L CO2 for 
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2 hours. Suspended cells were removed, and 
adherent cells were obtained after the wells 
were rinsed with RPMI 1640. Medium was 
added to adherent cells, which were then sup-
plemented with cytokines (100 g/L rhIL-4 and 
100 g/L rhGM-CSF) to induce DC differentia-
tion. On the 3rd day of culture, cytokines were 
added again after half of the medium was 
renewed. On the 6th day, half of the medium 
was renewed, and 1 mg/L LPS was added. On 
the 8th day, suspended cells were collected.

Purified CD4+ T cells

PBMCs were separated by Ficoll gradient cen-
trifugation to produce a cell suspension, and 
cells were counted. Fifty μL of immunomagnet-
ic beads coupled with an anti-human CD4 anti-
body were added with mixing. The mixture was 
incubated at a room temperature for 30 min, 
then resuspended to 1 mL using BD IMag buf-
fer. The new mixture was incubated at room 
temperature for 10 min, then the supernatant 
was removed, and the pellet was resuspended 
to a final volume of 1 mL using BD IMag buffer. 
Following a 4-min incubation at room tempera-
ture, the supernatant was removed to obtain 
purified CD4+ T cells.

Cell expansion induced in vitro

The density of purified CD4+ T cells was adjust-
ed to 1 × 109 cells/L. Then, 1 mL/well culture 
solution containing the adjusted cells were 
added to a 24-well plate for culture in 4 ways as 
follows: 1) with 500,000 U/L IL-2 and P-DC 
(1:100 for CD4+ T); 2) with 500,000 U/L IL-2 
and N-DC (1:100 for CD4+ T); 3) with 15 µg/L 

IL-1β, 20 µg/L IL-6, and P-DC (1:100 for CD4+ 
T); 4) with 15 µg/L IL-1β as well as 20 µg/L IL-6 
and N-DC (1:100 for CD4+ T). On the 3rd day of 
culture, all cell solutions were supplemented 
with 500,000 U/L IL-2. After the cells were 
expanded, on the 2nd day, half of each medium 
was renewed, and 500,000 U/L IL-2 were again 
added to maintain cell growth. On the 6th day, 
expanded cells were collected.

Detection of IL-23 with ELISA method

The supernatant of DCs that were cultured to 
day 8 was obtained, centrifuged at 2000-3000 
x g for 20 min, and detected according to the kit 
instructions.

Detection of dendritic cell phenotypes

RMPI was used to adjust the density of mono-
cyte-derived DCs to 1 × 109 cells/L. FITC-
labelled anti-human CD14, CD83, CD80, and 
CD86 antibodies as well as FITC-labeled IgG (as 
an isotype control) were added to each tube. 
Cells were incubated away from light for 30 min 
and washed with PBS 3 times. Cells were fixed 
with 300 µL of 20 g/L paraformaldehyde, and 
flow cytometry was used to detect the mature 
phenotypes of DCs. Cellquest Software (BD 
Biosceinces, Shanghai, China) was used to 
analyze the data.

Detection of intracellular cytokines

PBMCs were cultured in a 96-well plate (200 µL 
and 2 × 106 cells/mL per well) and treated with 
ionomycin and phorbol 12-myristate 13-ace-
tate (PMA). Next, cells were incubated at 37°C 

Figure 1. Monocyte-derived 
dendritic cell cytokine ex-
pression in healthy preg-
nant women (n = 80) and 
pregnant women with pre-
eclampsia (n = 73) (

_
x  ± s). 

Note: #P < 0.05 vs healthy 
pregnancy.
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expression of CD83, CD86, and CD80 
marked mature DCs. DCs derived from 
preeclampsia patients had significantly 
higher expression of CD83, CD80, and 
CD86 than DCs derived from healthy 
pregnant women (each P value < 0.05; 
Figure 1). 

Table 1. Concentration of IL-23 secreted by dendritic 
cells derived from healthy pregnant women and women 
with preeclampsia (

_
x  ± s)

Group IL-23 (ng/L) t P
Healthy pregnancy (n = 80) 96.13 ± 33.21 -7.57 < 0.001
Preeclampsia (n = 73) 134.18 ± 28.53

in 50 mL/L CO2 for 3 hours, then treated with 
monensin (eBioscience), and cultured again for 
2 hours. The supernatant was removed by cen-
trifugation, and 50 µL of the remaining liquid 
was aliquoted into four test tubes. CD8-Percp 
was added to each tube and cells were incubat-
ed away from light at 4°C for 30 minutes. Each 
sample was washed 2 times using 1 mL of 
staining buffer; the cells in each tube were then 
fixed in 500 µL of 40 g/L paraformaldehyde at 
4°C for 30 minutes. After washing 2 times using 
1 mL of staining buffer, each tube received 500 
µL of 1 g/L saponin-PBS, and after cell mem-
brane permeation at 4°C for 15 minutes, the 
supernatant was removed by centrifugation. 
Cells were sealed with 20 µL of 100 mL/L 
bovine serum albumin (Sigma); IFN-γ-PE and 
IL-17-FITC were added to the tubes to perform 
intracellular cytokine staining. Meanwhile, iso-
type control tubes were prepared. After washing 
with PBS, samples were fixed with 300 µL of 40 
g/L paraformaldehyde, and detected with flow 
cytometry. Cellquest Software was used to ana-
lyze the data. Region 1 (R1) for lymphocytes 
was set in the bitmap of side scattered light 
(SSC) versus forward light scatter (FSC). Gate 
1(G1) = R1 was set to select CD4 + T cell zone, 
thereby analyzing the percentages of IL-17 and 
IFN-γ + in CD4 + T cells.

Statistical analysis

SAS9.2 was used to analyze data by Student’s 
t-test. P < 0.05 was considered to indicate a 
statistically significant difference.

Results

Phenotypes of dendritic cells derived from 
preeclampsia patients and healthy pregnant 
women

To identify potential differences in dendritic 
cells, PBMCs from healthy pregnant women and 
women with preeclampsia were induced to form 
DC by stimulation with LPS, GM-CSF, and IL-4. 
Flow cytometry detected cells from both groups 
that weakly expressed CD14. Cells with strong 

Secretion of IL-23 by derived DCs

Activated DCs and macrophages can produce 
the cytokine IL-23 [18]. IL-23 acts on CD4 + T 
lymphocytes to promote differentiation of Th17 
cells, which produce IL-17 and induce the pro-
duction of IFN-γ and the differentiation of Th1 
cells [19]. Thus, secretion of IL-23 by cultured 
DCs was measured in the culture medium. The 
concentration of IL-23 in the medium of DCs 
derived from preeclampsia patients was signifi-
cantly higher than the concentration secreted 
by DCs derived from healthy pregnant women 
(P < 0.001; Table 1). 

Detection of the percentages of CD4+IL-
17+Th17 and CD4+IFN-γ+Th1 cells by flow cy-
tometry

To determine whether the differences in DC 
marker expression and secretion of IL-23 could 
alter the profile of Th17/Th1 cells in preeclamp-
sia, CD4 + T cells were separated by immuno-
magnetic beads. Before separation, the purity 
of CD4 + T cells was 48.05 ± 11.31%; after 
separation, the purity improved significantly, to 
96.07 ± 3.69% (P < 0.05).

Flow cytometry was used to identify IL-17 + 
(Th17) and IFN-γ + (Th1) subsets of CD4 + T 
cells (Figure 2). Four different culture supple-
ments were tested (Figure 3). CD4 + cells that 
secreted IFN-γ+ were treated with IL-2 and 
N-DC; their purity reached 19.98 ± 4.51%. 
Following supplementation with IL-2 and P-DC, 
their purity reached 34.04 ± 3.97%; this differ-
ence was statistically significant (P < 0.01). In 
comparison, addition of IL-6, P-DC, and IL-1β 
resulted in a purity of 11.19 ± 2.70%, while 
addition of IL-6, N-DC, and IL-1β resulted in a 
purity of 10.99 ± 2.79%. However, for CD4 + 
cells that secreted IL-17, supplementation with 
IL-6, P-DC, and IL-1β or IL-6, N-DC, and IL-1β 
resulted in purities of 12.01 ± 2.69% and 26.03 
± 6.51%, respectively; this difference was sta-
tistically significant (P < 0.01). In contrast, sup-
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Figure 2. Typical results for CD4+IFN-γ+Th1 and CD4+IL-17+Th17 cell subsets detected by flow cytometry. Note: A: 
Purified CD4+ T + N-DC + IL-2, B: Purified CD4+ T + P-DC + IL-2, C: Purified CD4+ T + N-DC + IL-1β + IL-6, D: Purified 
CD4+ T + P-DC + IL-1β + IL-6.

Figure 3. The proportion of CD4+IFN-γ+Th1, CD4+IL-17+Th17 cell subsets by four different culture methods. Note: A: 
Purified CD4+ T + N-DC + IL-2, B: Purified CD4+ T + P-DC + IL-2, C: Purified CD4+ T + N-DC + IL-1β + IL-6, D: Purified 
CD4+ T + P-DC + IL-1β + IL-6. Note: #P < 0.01, B vs A; ##P < 0.01, D vs C.
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plementation with L-2 and N-DC resulted in a 
purity of 1.99 ± 0.78%, and supplementation 
with IL-2 and P-DC resulted in a purity of 3.01 ± 
0.98%. 

Discussion

Pregnancy is a successful natural semial-
lograft, and healthy pregnancy depends on the 
dynamic balance between the maternal 
immune system and the fetal immune system. 
In particular, the dynamic balance between 
various subtypes of CD4+ T lymphocytes and 
their cytokines plays an important role in 
healthy pregnancy. 

In this study, we induced differentiation of 
mononuclear cells from peripheral blood of 
women with preeclampsia and healthy preg-
nant women to study DCs. We found that the 
phenotypes of DCs derived from preeclampsia 
patients differed from those derived from 
healthy pregnant women. The expression of 
CD80, CD83, and CD86 costimulatory mole-
cules on the cell surface of DCs from pre-
eclampsia patients were higher than those 
from healthy pregnant women. The actions of 
various cytokines stimulated the reproductive 
activity of allogeneic lymphocytes, indicating 
that the DCs derived from healthy pregnant 
women were kept at an immunosuppressive 
state, while those of preeclampsia patients 
were kept at an active state of inflammation. In 
preeclampsia patients, the DC-produced IL-12 
could be embryotoxic, and also can induce T 
lymphocytes to differentiate into Th1 cells. 
IL-12 has been demonstrated to be toxic to tro-
phocytes [20].

The concentration of IL-23 secreted by derived 
DCs into the culture medium was higher in the 
preeclampsia group than in the control group. 
Further, the DC-stimulated reproductive activity 
of allogeneic lymphocytes was assessed. When 
DCs, IL-1β, and IL-6 jointly acted on CD4 + T 
lymphocytes, more IL-17 + cells were produced, 
which shows that IL-23 alone cannot induce T 
cells to differentiate into Th17 cells, consistent 
with the findings of Duhen et al. [21]. In this 
study, under the same culture conditions, the 
capacity of DCs derived from preeclampsia 
patients to produce inflammatory cytokines 
was higher than that of DCs derived from 
healthy pregnant women. Furthermore, the DCs 
in the preeclampsia patients were differentiat-
ed into Th1 and Th17 cells. CD4 + T lympho-

cytes are closely related with pregnancy out-
comes [22, 23]. In patients with preeclampsia, 
the dynamic balance of T-cell subgroups is dis-
turbed, and there is an increase in the Th1- and 
Th17-derived inflammatory cytokines. Thus, 
this process can promote pregnancy pathology 
with the potential for miscarriage. In healthy 
pregnant women, the T-cell subgroups are 
maintained at a state of balance. Therefore, the 
key to preventing or treating preeclampsia may 
be in understanding the biological changes of 
DCs in preeclampsia and use the characteris-
tics of DCs to maintain the immune balance in 
pregnant women.

In summary, the pathogenesis of preeclampsia 
is complex. Immune regulation functions 
throughout pregnancy, and the manifestations 
of Th1/Th17 cells may be only a part of immune 
imbalance. Further investigation into the 
changes and roles of Th1/Th17 cells in pre-
eclampsia is needed to open new prospects for 
the prevention, diagnosis, and treatment of 
preeclampsia. 
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