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SUMMARY

 

The aim of our study was to estimate the populations of peripheral blood myeloid and lymphoid den-
dritic cells (CD1c

 

+

 

, BDCA-2

 

+

 

) and the CD1c

 

+

 

 : BDCA-2

 

+

 

 ratio in normal pregnant women and in
patients with pre-eclampsia. Fifteen women in the first, second and third trimesters of normal preg-
nancy, and 25 patients with pre-eclampsia were included in the study. The dendritic cells were isolated
from peripheral blood, stained with monoclonal antibodies against blood dendritic cell antigens (anti-
CD1c, anti-BDCA-2) and estimated using the flow cytometric method. CD1c

 

+

 

 and BDCA-2

 

+

 

 dendritic
cells were present in women during all trimesters of physiological pregnancy and in pre-eclamptic
patients. It was observed that the numbers of dendritic cells were significantly lower in the second tri-
mester when compared with the first and third trimesters of normal pregnancy. Furthermore, in the sec-
ond trimester, CD1c

 

+

 

 : BDCA-2

 

+

 

 ratio was higher than in the other trimesters of physiological
pregnancy. All populations of dendritic cells and CD1c

 

+

 

 : BDCA-2

 

+

 

 ratio did not differ in the first and
third trimesters of normal pregnancy. The percentage of BDCA-2

 

+

 

 dendritic cells was significantly lower
in pre-eclampsia in comparison with healthy women in the third trimester of physiological pregnancy,
while CD1c

 

+

 

 : BDCA-2

 

+

 

 ratio was significantly higher in pre-eclamptic patients when compared with
control groups. We concluded that dendritic cells may be involved in the immune regulation during
physiological pregnancy. CD1c

 

+

 

 and BDCA-2

 

+

 

 cells can influence the Th2 phenomenon which is
observed during physiological pregnancy. Furthermore, it seems possible that lower BDCA-2

 

+

 

 cells per-
centage and higher CD1c

 

+

 

 : BDCA-2

 

+

 

 ratio can be associated with increased Th1-type immunity in
patients with pre-eclampsia.
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INTRODUCTION

 

Pre-eclampsia is a common obstetric syndrome affecting about 7–
10% of pregnant women. The symptoms of this syndrome appear
during the second and third trimesters of pregnancy. It is known
that pre-eclampsia is a placental disorder developing in two stages
[1,2]. The first consists in poor transformation of the spiral arteries
and the impaired cytotrophobast differentiation. Pre-eclampsia is
characterized by shallow cytotrophoblast invasion and decreased
blood flow to the placenta. It has been shown lately that invasive
cytotrophoblast fails to properly modulate their integrin expres-
sions in pre-eclampsia [3–5]. Furthermore, widespread apoptosis
of placental cytotrophoblasts within the uterine wall has been

observed in pre-eclampsia [6,7]. The second stage of the disease
comprises the consequences of placental ischaemia.

It seems that abnormal activation of the immune system may
play a role in the aetiology of pre-eclampsia. Many authors have
found a number of changes in the adaptive immune system which
may contribute to the development of pre-eclampsia [8–10].
Recent data suggest that pre-eclampsia is a T-helper 1/T-helper 2
immunity disorder with predominant Th1 type immunity [9,10].
Furthermore, there is evidence regarding the activation of the
innate immune system in pre-eclampsia [11]. It has been shown
recently that normal third trimester pregnancy is characterized by
the activation of peripheral blood leucocytes, which is further
increased in pre-eclampsia [11]. Interestingly, the changes in
innate immunity can influence T-helper 1/T-helper 2 cytokine bal-
ance; for example, endotoxin administration can cause the shift of
T-cell immunity response towards Th2 cell type response [12].

Dendritic cells (DCs) are antigen-presenting cells with an
ability to induce primary immune responses. They capture and
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transfer information from the outside world to the cells of the
adaptive immune system. DCs are not only critical for the induc-
tion of primary immune responses, but may also be important for
the induction of immunological tolerance, as well as for the reg-
ulation of the type of T-cell mediated immune responses. Two dis-
tinct lineages of DCs have been described in humans. Myeloid
dendritic cells are a major subpopulation of human blood den-
dritic cells which are CD4

 

+

 

, Lin

 

–

 

, CD11c

 

bright

 

, CD123

 

dim

 

, CD45RO

 

+

 

and CD2

 

+

 

. They express myeloid markers (CD13, CD33) as well
as Fc receptors (CD32, CD64, Fc

 

Œ

 

RI) and are of monocytoid
morphology. Myeloid dendritic cells (DC-1) also have the expres-
sion of BDCA-2 (CD1c) antigen which is characteristic of periph-
eral blood DC-1 cells. Plasmocytoid (lymphoid) dendritic cells
(DC-2) have been recently described in human peripheral blood
and lymphoid tissue. Peripheral blood DC-2 cells express a spe-
cific BDCA-2 marker. Phenotyping of BDCA-2

 

+

 

 dendritic cells in
peripheral blood characterizes these cells as being CD4

 

+

 

, Lin

 

–

 

,
CD11c

 

–

 

, CD123

 

bright

 

, CD45RA

 

+

 

, CD2

 

–

 

 and expressing neither
myeloid lineage markers like CD13 and CD33, nor Fc receptors
like CD32, CD64 or Fc

 

Œ

 

RI. After appropriate activation, DC-2
cells induce T-cell differentiation into Th2 cells [13–15].

The aim of our study was to investigate the populations of
myeloid DC-1 dendritic cells (CD1c

 

+

 

) and lymphoid DC-2 den-
dritic cells (BDCA-2

 

+

 

) and CD1c

 

+

 

 : BDCA-2

 

+

 

 ratio in peripheral
blood of pregnant women in the first, second and third trimesters
of physiological pregnancy, and in patients with pre-eclampsia.

 

MATERIALS AND METHODS

 

Patients

 

The patients participating in the study were admitted to the
Department of Obstetrics and Perinatology of the University
School of Medicine in Lublin. The study group comprised 25
patients with pre-eclampsia at 34–40 weeks of gestation. Patients
with pre-eclampsia were admitted to the hospital because of the
symptoms of the disease and not because of signs of labour. Fif-
teen healthy women with uncomplicated pregnancies were the
control group. We have taken blood samples from 15 women
throughout their pregnancies (in the first, second and third tri-
mesters) to minimize patient variance. The gestational age was
similar in each control group. The gestational age of women in the
third trimester of normal pregnancy was matched to the pre-
eclamptic group. Patients in the third trimester were not in active
labour. The study design was accepted by the local Ethics Com-
mittee. Informed consent from the patients for peripheral blood
sampling was obtained. Pre-eclamptic patients were classified
according to the International Society for the Study of Hyperten-
sion in Pregnancy [16]. Pre-eclampsia was characterized on the
basis of the following symptoms: blood pressure of at least 140/
90 mmHg and proteinuria above 0·3 g/24 h. None of the pre-
eclamptic patients was affected by pre-existing clinical disorders
such as chronic hypertension or renal diseases before pregnancy,
and none of the pregnancies was complicated by preterm labour
or chorioamnionitis. All pregnancies in the study and control
groups were single.

 

Blood sampling and cell preparation

 

Blood samples from pre-eclamptic patients were taken at the
moment of admission to the hospital. Blood (20 ml) was taken by
venipuncture from each patient and each woman from the control
group and collected in sterile heparinized tubes.

 

Isolation of peripheral blood mononuclear cells

 

Peripheral blood mononuclear cells (PBMCs) were separated by
gradient centrifugation on the lymphocyte separation medium,
Lymphoprep (Nycomed, Torshov, Norway). They were centri-
fuged for 30 min at 250 

 

g

 

 at 4

 

∞

 

C, collected from the interface with
a Pasteur pipette and washed twice by centrifugation for 5 min at
250 

 

g

 

 at 4

 

∞

 

C in the buffer containing phosphate buffered saline
(PBS, Serum and Vaccine Factory, Biomed, Lublin, Poland) with-
out Ca

 

2

 

+

 

 and Mg

 

2

 

+

 

, with 0·5% bovine serum albumin (BSA,
Sigma, St Louis, MO, USA) and 2 m

 

M

 

 EDTA (Sigma).

 

Phenotyping of cells

 

The cell surface antigens in each case were determined on the
fresh cells at the time of the sample submission. The cells were
labelled by direct staining with monoclonal antibodies. The fol-
lowing directly conjugated monoclonal antibodies (mAbs) were
used: mouse anti-human CD1c-FITC (Miltenyi-Biotec, Bergisch
Gladbach Germany), BDCA-2-FITC (Miltenyi-Biotec), CD123-
PE (Becton Dickinson, Franklin Lakes, NJ, USA), CD19-
CyChrome (Pharmingen, San Diego, CA, USA). Mouse
anti-human IgG

 

2a

 

 isotype control was used for anti-CD1c staining.
Mouse anti-human IgG

 

1

 

 isotype control was used for anti BDCA-
2 staining. After washing, 20 

 

m

 

l of FcR Blocking Reagent
(Miltenyi-Biotec) were added to every 10

 

7

 

 cells resuspended in
80 

 

m

 

l of the buffer. Monoclonal antibodies were added according
to the manufacturer’s protocol and incubated with the cells for
10 min in the dark at 4

 

∞

 

C. After incubation, the cells were washed
in 10 volumes of the buffer and centrifuged for 10 min at 300 

 

g

 

and 4

 

∞

 

C. Next, the cells were collected using a FACSCalibur flow
cytometer equipped with 488-nm argon laser (Becton Dickinson)
and analysed with CellQuest Software. We collected 300 000 of
events in total. Cell debris and dead cells were excluded from the
analysis based on scatter signals. CD1c marker is expressed on a
subpopulation of CD19

 

+

 

 small resting B-lymphocytes. The mono-
nuclear cell analysis region was analysed for CD1c and CD19
staining. CD1c

 

+

 

 B cells were excluded from CD1c

 

+

 

 blood den-
dritic cells by counter-staining for CD19. CD1c

 

+

 

 CD19

 

–

 

 cells were
counted as circulating myeloid DCs. Next, the mononuclear cell
analysis region was analysed for BDCA-2 and CD123 antigens.
BDCA-2

 

+

 

CD123

 

+

 

 cells are counted as circulating lymphoid DCs.
The identification of circulating DCs by flow cytometry in periph-
eral blood is presented in Fig. 1.

 

Statistical analysis

 

Statistical differences between groups were estimated using a
standard non-parametric test (Mann–Whitney 

 

U

 

-test). The results
were presented as median with the interquartile ranges. Differ-
ences at 

 

P

 

 

 

<

 

 0·05 were considered as statistically significant. Com-
mercially available software Statistica 5·0 PL was applied to
statistical analysis.

 

RESULTS

 

CD1c

 

+

 

 and BDCA-2

 

+

 

 cells were present in women during all tri-
mesters of normal pregnancy and in pre-eclamptic patients. The
absolute numbers of myeloid and lymphoid dendritic cells in the
study and control groups are presented in Table 1. It was observed
that the percentages of dendritic cells were significantly lower in
the second trimester when compared with the first and third tri-
mesters of pregnancy (II trimester – CD1c

 

+

 

: median, 0·085%,
interquartile ranges, 0·05% to 0·2%; BDCA-2

 

+

 

: median, 0·07%,
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interquartile ranges, 0·03% to 0·115%; I trimester – CD1c

 

+

 

:
median, 0·35%, interquartile ranges, 0·235 to 0·44%; BDCA-2

 

+

 

:
median, 0·36%, interquartile ranges, 0·145% to 0·485%; III tri-
mester – CD1c

 

+

 

: median, 0·29%, interquartile ranges, 0·1% to
0·45%; BDCA-2

 

+

 

: median, 0·24%, interquartile ranges, 0·11% to
0·37%). The results are presented in Fig. 2(a and b). Furthermore,
in the second trimester, CD1c

 

+

 

 : BDCA-2

 

+

 

 ratio was higher than
in the other trimesters of normal pregnancy (II trimester
CD1c

 

+

 

 : BDCA-2

 

+

 

 ratio – median, 1·83, interquartile ranges, 1·237
to 2·416; I trimester CD1c

 

+

 

 : BDCA-2

 

+

 

 ratio – median, 1·083,
interquartile ranges, 0·753 to 1·917; III trimester CD1c

 

+

 

 : BDCA-
2

 

+

 

 ratio – median, 1·074, interquartile ranges, 0·97 to 1·454) but
when compared with the first trimester of pregnancy the differ-
ences were not statistically significant. The results are presented in
Fig. 3. The population of CD1c

 

+

 

 cells did not differ in the group of
pre-eclamptic patients when compared with the third trimester of
normal pregnancy (CD1c

 

+

 

: median, 0·21%, interquartile ranges,
0·14% to 0·305 vs. 0·29%, interquartile ranges, 0·1% to 0·45%; NS,
not statistically significant). The percentage of BDCA-2

 

+

 

 cells was
significantly lower in pre-eclampsia in comparison with healthy
women in the third trimester of pregnancy, while CD1c

 

+

 

 : BDCA-
2

 

+

 

 ratio was significantly higher in pre-eclamptic patients when
compared with the control group in III trimester (BDCA-2

 

+

 

:
median, 0·12%, interquartile ranges, 0·055% to 0·215% vs. 0·24%,
interquartile ranges, 0·11% to 0·37%; 

 

P

 

 

 

<

 

 0·05; CD1c

 

+

 

 : BDCA-2

 

+

 

ratio – 2·48, interquartile ranges, 1·229 to 3·0 vs. 1·074, interquar-
tile ranges, 0·97 to 1·454, 

 

P

 

 

 

<

 

 0·005). The results are presented in
Fig. 2(a and b) and Fig. 3.

 

DISCUSSION

 

There are many changes in the immunological state during phys-
iological pregnancy. According to Wegmann’s hypothesis, a suc-
cessful pregnancy is a ‘Th2 phenomenon’ [17]. Several authors
observed Th1/Th2 immunity alterations with a shift to predomi-
nant Th2-type immunity during normal pregnancy [18,19]. It is
not known what factors can influence the Th2 predominance in
normal pregnancy. It has been shown lately that IL-4 rather than
other Th1 or Th2 cytokines is produced by cytotrophoblast cells.
These findings can suggest that in human pregnancy placental
cytotrophoblast cells can modulate a Th2 bias [20]. Alternatively,
newly discovered cytokines do not fit into the classical Th1/Th2
dichotomy. The cytokines, such as: IL-11, IL-12, IL-13, IL-15,
IL-16, IL-17 and IL-18, were detected in the uterus, the peri-
implantaion embryo, and in decidual and placental tissues
throughout pregnancy [21]. It can suggest their important regula-
tory role, especially during implantation. They can be engaged in
the materno-foetal relationship through the influence on the
activation of NK cells, on the action of adhesion molecules and on
the process of vascularization [21].

Predominant Th1-type immunity is correlated with spontane-
ous abortions or intrauterine growth retardation [22,23]. It was
shown that spontaneous abortions in pregnant women might be
associated with Th1-type immunity to trophoblast [22,23]. Fur-
thermore, it has been recently proposed  that pre-eclampsia is
Th1/Th2 immunity disorder with predominant Th1-type immunity
[10,11].

T-helper CD4

 

+

 

 lymphocytes are divided into three subsets,
according to the type of produced cytokines [24,25]. T-helper 1
(Th1) lymphocytes produce interleukin-2 and IFN-

 

g

 

 and induce

 

Fig. 1.

 

The identification of circulating DCs by flow cytometry in periph-
eral blood of one patient with pre-eclampsia. (a) The mononuclear cell
analysis region (R1) applied to light scatters. (b) The R1-gated events were
analysed for BDCA-1 and CD19 staining and BDCA-1

 

+

 

CD19

 

–

 

 cells were
counted as circulating myeloid DCs. (c) The R1-gated events were then
analysed for BDCA-2 and CD 123 and BDCA-2

 

+

 

CD123

 

+

 

 cells were
counted as circulating lymphoid DCs.
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cell-mediated immunity. T-helper 2 (Th2) lymphocytes produce
IL-4, IL-5, IL-10 and IL-13 and enhance B-lymphocyte prolifer-
ation and differentiation (in general humoral-mediated immu-
nity). These subpopulations of T-helper lymphocytes originate
from the third subset of T-helper lymphocytes, T-helper 0 (Th0)
lymphocytes, which produce both types of cytokines [24–29].

Dendritic cells (DCs) are the only antigen-presenting cells
that can prime naive T cell to a new antigen. Peripheral blood
myeloid dendritic cells (CD1c

 

+

 

) express myeloid antigens CD11c,

CD13 and CD 33, they originate from myeloid bone marrow
precursors and require the presence of GM-CSF for their sur-
vival. In humans, peripheral blood CD1c

 

+

 

 cells are identified as
negative for lymphoid and myeloid cell-specific markers (lin

 

–

 

) and
are HLA-DR

 

+

 

/CD11c

 

+

 

. CD1c

 

+

 

 cells produce high levels of IL-12
when stimulated with tumour necrosis factor-

 

a

 

 (TNF-

 

a

 

) or ligand
for CD40 and drive T-cell differentiation into Th1 lymphocytes.
Lymphoid dendritic cells (BDCA-2

 

+

 

) have recently been
described in human peripheral blood and lymphoid tissue as
HLA-DR

 

+

 

/lin

 

–

 

/CD11c

 

–

 

/CD4

 

+

 

IL-3R

 

a

 

+

 

 plasmacytoid cells. After
appropriate activation, BDCA-2

 

+

 

 cells induce T-cell differentia-
tion into Th2 cells [13–15,30,31].

For that reason we have made an effort to estimate the pop-
ulations of myeloid (CD1c

 

+

 

) and lymphoid (BDCA-2

 

+

 

) blood
dendritic cells in women during physiological pregnancy, which is
called a ‘Th2 phenomenon’, and in patients with pre-eclampsia,
which is thought to be Th1-type immunity disease.

It has been recently proposed that pre-eclampsia is associated
with Th1/Th2 imbalance and predominant Th1-type immunity
[9,10]. It has been found that serum IL-2 concentrations are ele-
vated in women with pre-eclampsia [32]. Recent Japanese studies
demonstrated that serum IL-2 and TNF-

 

a

 

 concentrations were
higher in the first trimester of pregnancy in women who later
developed pre-eclampsia [33]. These findings can suggest that
impairment of immune regulation occurs in early pregnancy
before the clinical manifestation of pre-eclampsia. Futhermore,
the expression of interleukin-2 has been found in the decidual
cells of pre-eclamptic patients [34]. Many authors observed
increased interleukin-12 concentrations in patients with pre-
eclampsia and HELLP syndrome [35–37]. Furthermore, it has

 

Table 1.

 

The absolute numbers of CD1c

 

+

 

 and BDCA-2

 

+

 

 cells (cells/mm

 

3

 

 of blood) in the group of patients with pre-eclampsia (

 

n

 

 

 

=

 

 25) and in normal 
pregnant women (

 

n

 

 

 

=

 

 15)

I trimester median
(interquartile ranges)

II trimester median
(interquartile ranges)

III trimester median
interquartile ranges)

Pre-eclampsia median
(interquartile ranges)

CD1c

 

+ 520 (261–1152) 367 (176–501)* 656 (267–1103)* 600 (401–791)
BDCA-2+ 420 (256–1262) 183 (100–272)** 617 (292–933)*** 365 (128–527)*

n, number of patients; *P < 0·05, BDCA-2+ cells between pre-eclamptic group and third trimester group; CD1c+ cells between first and second trimester
groups; CD1c+ cells between second and third trimester groups; **P < 0·01, BDCA-2+ cells between first and second trimester groups; ***P < 0·005, BDCA-
2+ cells between second and third trimester groups.

Fig. 2. (a) The percentages of BDCA-1+ cells in pre-eclampsia (n = 25)
and in the first, second and third trimesters of physiological pregnancy
(n = 15). (b) The percentages of BDCA-2+ cells in pre-eclampsia (n = 25)
and in the first, second and third trimesters of physiological pregnancy
(n = 15).
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recently been observed that the secretion of IL-12 by peripheral
blood mononuclear cells was increased in pre-eclampsia and
decreased in normal pregnant women [38]. It seems possible that
increased interleukin-12 secretion by activated monocytes can
cause Th1 predominance in pre-eclampsia [38].

It is not known what are the possible regulatory mechanisms
that might be involved in the alterations in the myeloid and lym-
phoid dendritic cells in pre-eclampsia. It seems possible that such
cytokines as GM-CSF, IL-4 and TNF-a, which are the growth fac-
tors for myeloid dendritic cell maturation, are engaged in
CD1c+ : BDCA-2+ shift. It has been observed recently that in
patients with pre-eclampsia there are high levels of circulating
TNF-a [39–42]. It is known that TNF-a is capable of inducing IL-
12 in CD1c+ cells. It seems possible that TNF-a can stimulate mat-
uration of myeloid dendritic cells and the production of IL-12
by mononuclear cells of pre-eclamptic patients. It has also
been observed that high levels of IL-4 are associated with pre-
eclampsia in the second half of pregancy and in puerperium
[43]. However, serum levels of GM-CSF were detected less
frequently and in lower concentrations in patients with pre-
eclampsia when compared with healthy pregnant women [44].

IL-12 is produced by antigen-presenting cells and stimulates
differentiation of T-helper 0 cells into Th1 lymphocytes. It seems
possible that one of the sources of IL-12 in pre-eclampsia is mye-
loid dendritic cells. In our study, the numbers of myeloid cells did
not differ in the group of patients with pre-eclampsia in compar-
ison with healthy women in the third trimester of pregnancy.
However, the percentages of BDCA-2+ lymphoid cells were sig-
nificantly lower in the group of pre-eclamptic patients when com-
pared with controls. Furthermore, CD1c+ : BDCA-2+ ratio was
significantly higher in the group of pre-eclamptic patients in com-
parison with normal, pregnant women in the third trimester. It is
known that lymphoid dendritic cells are responsible for stimula-
tion of Th0 cells into Th2 lymphocytes. It seems possible that
the decreased percentage of BDCA-2+ cells is associated with
the impairment of Th0 into Th2 cell differentiation in the group
of patients with pre-eclampsia. Furthermore, increased
CD1c+ : BDCA-2+ ratio in pre-eclamptic patients can favour Th1
lymphocyte differentiation in these patients. The similar changes
have been observed in rheumatoid arthritis [45]. Recently, it has
been suggested that progenitors of myeloid dendritic cells exisit-
ing in synovial fluid are participants in the rheumatoid arthritis
disease process. It has been observed that mature myeloid DCs
drived from rheumatoid arthritis synovial fluid progenitors were
potent stimulators of allogeneic T cells and Th1-type response
[45].

In our study, the percentage of CD1c+, BDCA-2+ cells and
CD1c+ : BDCA-2+ ratio did not differ in the groups of women in
the first and third trimesters of physiological pregnancy. However,
in the second trimester of normal pregnancy we observed that the
percentages of all populations of dendritic cells were significantly
decreased when compared with the other trimesters of normal
pregnancy. In reverse, CD1c+ : BDCA-2+ ratio was higher in
healthy women in the second trimester, but, when compared with
the first trimester of pregnancy, the differences were not statisti-
cally significant. It is difficult to say what the reasons for the alter-
ations during the second trimester of physiological pregnancy are,
but it seems possible that they are associated with the changes in
the pregnancy hormone concentrations. It has been suggested
recently that Th1- and Th2-type cytokines during pregnancy are
hormone controlled [19]. It also seems possible that dendritic cells

are hormone controlled during physiological pregnancy. At the
turn of the first and second trimester, corpus luteum decreases the
production of progesteron and placenta takes over this function.
A decrease in the dendritic cells population during the second tri-
mester of normal pregnancy can be associated with the change in
the source of progesteron production and with the fluctuations of
progesteron concentrations.

In conclusion, dendritic cells may be involved in the immune
regulation during physiological pregnancy. CD1c+, BDCA-2+ den-
dritic cells and CD1c+ : BDCA-2+ ratio can influence the Th2 phe-
nomenon which is observed during physiological pregnancy.
Furthermore, it seems possible that significantly lower BDCA-2+

cells percentage and higher CD1c+ : BDCA-2+ ratio are associated
with increased Th1-type immunity which is observed in patients
with pre-eclampsia.
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