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a b s t r a c t

Neutrophil granulocytes and monocytes have been intensively studied, but there is no
scientific data on one of their most important functions, namely the phagocyte func-
tion in pregnancy and preeclampsia. The aim of this study was to examine this function.
Twenty-five healthy pregnant, 25 preeclamptic pregnant, and 20 healthy, non-pregnant
women were enrolled into our study. Cells were isolated from peripheral blood samples,
marked and evaluated for the phagocytic index with an immunofluorescent microscope
after phagocytosing the zymosan molecules. The phagocytic function of monocytes and
neutrophil granulocytes decreased significantly in healthy pregnancy compared with non-
pregnant women and in preeclampsia, and it decreased significantly compared with healthy
pregnancy. Decreased phagocytic function in healthy pregnancy can be a part of the mater-
nal immunosuppression, which is essential for the protection of the hemiallograft fetus.
Further reduction of phagocytic function may be one of the immunoregulatory abnormal-
ities found in preeclampsia.

© 2014 Published by Elsevier Ireland Ltd.

1. Introduction22

For an ongoing healthy pregnancy it is essential that23

the maternal immune system tolerates the ‘hemiallo-24

graft’ fetus (half of its genetic material is of paternal25

origin) and at the same time, protect the mother against26

infections. This seemingly contradictory behavior of the27

immune system has been intensively studied. Failure of28

the adaptation of the maternal immune system may lead29

to pathological pregnancies such as preeclampsia. It is30

known that in healthy pregnancy the level of biomark-31

ers of systemic inflammation is increased compared with32

∗ Corresponding author. Tel.: +36 52 255705; fax: +36 52 255705.
E-mail address: rudolflampe@msn.com (R. Lampé).

non-pregnant status, and this elevation is more pro- 33

nounced in pathological pregnancies (Sacks et al., 1998; 34

Calleja-Agius et al., 2012). Preeclampsia is one of the most 35

severe complications of pregnancy that can be character- 36

ized as an increased systemic inflammatory response and 37

endothelial dysfunction (Eastabrook et al., 2011). Clinical 38

manifestation of preeclampsia is hypertension and pro- 39

teinuria developing after the 20th week of pregnancy, and 40

in untreated cases it can lead to multi-organ failure. The 41

public health importance of preeclampsia is significant 42

as it is the leading cause of maternal and fetal mor- 43

bidity and mortality worldwide (Sibai et al., 2005). The 44

etiology of preeclampsia is unknown, but placental ori- 45

gin is an accepted explanation of its pathophysiology. In 46

normal pregnancy, placental trophoblast cells invade the 47

myometrium and the uterine spiral arteries, and at the 48

http://dx.doi.org/10.1016/j.jri.2014.11.001
0165-0378/© 2014 Published by Elsevier Ireland Ltd.
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end of the process, syncytiotrophoblast cells are in con-49

tact with the maternal circulation. In preeclampsia this50

process is damaged and the placentation will be abnormal51

(Khong et al., 1986). Because of this abnormality, syncy-52

tiotrophoblast microparticles (STBMs) are released from53

the hypoxic placenta in a significantly higher amount than54

in healthy pregnancy. STBMs have immunomodulatory55

effects and play a role in endothelial dysfunction (Redman56

et al., 2012). The maternal innate immune system is impor-57

tant in the elimination of these microparticles as well58

as the pathogenic microorganism. Two representatives of59

the innate immune system are the neutrophil granulo-60

cytes and monocytes, which are “professional phagocytes”.61

The phagocytic function of these cells is to take part in62

the destruction of apoptotic, necrotic, and tumor cells63

(Galli et al., 2011). The behavior of neutrophils and mono-64

cytes in healthy and preeclamptic pregnancy has been65

the subject of several experimental investigations (Gervasi66

et al., 2001; Kauma et al., 2002; Walsh, 2009). Based on67

this research it has been generally accepted that both68

neutrophils and monocytes are activated during healthy69

pregnancy and that this activated state is even more pro-70

nounced in preeclampsia. Transendothelial migration and71

the production of inflammatory cytokines of these cells72

are increased in preeclampsia. Previously, we have pub-73

lished that superoxide anion production of granulocytes74

is decreased in healthy pregnancy compared with non-75

pregnant controls, but in preeclampsia this decrease is76

absent (Lampé et al., 2011).77

To our knowledge, the phagocytic function of neutrophil78

granulocytes and monocytes in healthy pregnancy and79

preeclampsia has not yet been examined. Our aim was to80

examine and describe the phagocytic function of granu-81

locytes and monocytes for a better understanding of the82

physiology of healthy pregnancy and the pathophysiology83

of preeclampsia.84

2. Materials and methods85

2.1. Study population86

After obtaining informed consent with the permission87

of the Institutional Ethics Committee, peripheral blood88

was collected in vacutainer test tubes containing EDTA89

(Becton-Dickinson, Le Pont de Claix, France) from 25 nor-90

mal and 25 preeclamptic pregnant women in the third91

trimester of their pregnancy (gestational weeks 35–38). A92

group of 20 age-matched, non-pregnant, healthy women93

served as controls. Preeclampsia was defined as develop-94

ment of hypertension after the 20th week of pregnancy95

(≥140/90 mmHg measured on two consecutive occasions96

6 h apart) and proteinuria of higher than 300 mg/day97

confirmed by 24-h urine collection (ACOG Committee98

on Obstetric Practice, 2002). Patients with active labor99

were excluded from the study. None of the patients100

with preeclampsia was on any medication, had a his-101

tory of diabetes mellitus, or lacked major medical disease102

or prior surgical intervention. None of the control sub-103

jects was taking oral contraceptives or any other form of104

pharmaceuticals.105

2.2. Preparation of FITC labeled and opsonized zymosan 106

particles 107

Zymosan particles were labeled with fluorescein iso- 108

thiocyanate (FITC), as described previously (Hed et al., 109

1987). Briefly, the particles (1 × 108 ml−1) were incubated 110

in carbonate buffer, pH 9.6, containing FITC at a final 111

concentration of 0.01 mg/ml for 60 min at 37 ◦C. Then 112

they were washed three times and opsonized in Hanks’ 113

solution containing 50% human AB serum at 37 ◦C for 114

30 min. The labeled and opsonized particles (FITC-OZ) were 115

washed three times and stored at −20 ◦C in Hanks’ solution 116

(3 × 107 ml−1) until the phagocytosis assay. 117

2.3. Separation and examination of the phagocytic 118

function of granulocytes and monocytes 119

Mononuclear cells and granulocytes were separated as 120

described previously (Böyum, 1968; English and Andersen, 121

1974). Blood samples were mixed with an equal vol- 122

ume of Hanks’ solution, pH 7.4, and layered on top of a 123

discontinuous Ficoll gradient (1.077 and 1.119 g/ml) and 124

centrifuged at 400 × g at 20 ◦C for 30 min. Mononuclear 125

and polymorphonuclear cells were collected from the top 126

and interface of the Ficoll layers, respectively. Then the cells 127

were washed twice with Hanks’ solution. Their viability 128

was determined using the trypan blue exclusion test and 129

found to be 96–98%. The purity of granulocyte suspensions 130

varied between 95% and 98%, as judged by morphology. 131

In the phagocytosis assay, phagocytosis of FITC-OZ was 132

determined as described previously (Forslid and Hed, 1982; 133

Vrsalovic et al., 2007). Briefly, 1 × 105 granulocytes and 134

mononuclear cells in 300-!l aliquots of Hanks’ solution 135

containing 5% heat inactivated human AB serum were 136

placed into the wells of chamber slides to allow the cells 137

to adhere for 30 min at room temperature. Subsequently, 138

the non-adherent cells were removed by washing, the 139

adherent cells and FITC-OZ (3 × 106 well−1) were incu- 140

bated in 300-!l aliquots of Hanks’ solution at 37 ◦C in 141

5% CO2/95% humidified air for 60 min. Following incuba- 142

tion, the fluorescence of non-ingested zymosan particles 143

was quenched by trypan blue solution (Busetto et al., 144

2004; Chaka et al., 1995). Monocytes were identified using 145

the indirect immunofluorescent method. The cells were 146

labeled with anti-CD14 monoclonal antibody and then 147

with immunoglobulin G-conjugated Dylight 594 fluores- 148

cent dye. The nuclei of the granulocytes and monocytes 149

were stained with 4′,6-diamidino-2-phenylindole (DAPI) 150

and the slide was then removed from the chamber for 151

microscopic evaluation. The number of FITC-OZ/cell was 152

determined using an Axioplan fluorescent microscope 153

(Zeiss Oberkochen, Germany) by examining 2 × 100 cells in 154

randomly selected microscopic fields. Then the phagocytic 155

index (PI), the average number of ingested particles/cell, 156

was calculated and presented as mean ± SD. 157

2.4. Statistical analysis 158

The Shapiro–Wilk test was used to verify normal distri- 159

bution of the data. For comparison of the average values of 160

dx.doi.org/10.1016/j.jri.2014.11.001
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Fig. 1. Phagocytic index of neutrophil granulocytes separated from non-
pregnant, healthy pregnant, and preeclamptic pregnant women. Mean
values ± SD are shown. * p < 0.001 healthy pregnant versus non-pregnant
women. # p < 0.001 preeclamptic pregnant versus healthy pregnant and
non-pregnant women.

continuous variables Student’s t-test was used. Values of161

p < 0.05 were considered statistically significant.162

3. Results163

The clinical characteristics of the study population164

are presented in Table 1. As shown, there were signifi-165

cant differences in systolic and diastolic blood pressures166

(p < 0.001), body mass index (BMI, p < 0.05), gestational167

age at delivery (p < 0.01), proteinuria at the time of blood168

sampling (p < 0.001), and birth weight (p < 0.01) between169

normal and preeclamptic pregnant women.170

3.1. Phagocytic function of neutrophil granulocytes171

The PI of neutrophils from healthy non-pregnant,172

normal, and preeclamptic pregnant women is illus-173

trated in Fig. 1. As shown, granulocytes from healthy174

pregnant women demonstrated a significantly decreased175

PI (3.76 ± 0.52; p < 0.001) compared with non-pregnant176

controls (4.67 ± 0.31). Neutrophils from preeclamptic177

pregnant women show a significantly decreased PI178

(2.73 ± 0.43) compared with healthy pregnant controls179

(p < 0.001) and non-pregnant controls (p < 0.001).180
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Fig. 2. Phagocytic index of monocytes separated from non-pregnant,
healthy pregnant, and preeclamptic pregnant women. Mean values ± SD
are shown. * p < 0.001 healthy pregnant versus non-pregnant women.
# p < 0.001 preeclamptic pregnant versus healthy pregnant and non-
pregnant women.

3.2. Phagocytic function of monocytes 181

The PI of monocytes from healthy non-pregnant, 182

normal, and preeclamptic pregnant women is illus- 183

trated in Fig. 2. As shown, monocytes from healthy 184

pregnant women demonstrated a significantly decreased PI 185

(3.33 ± 0.64, p < 0.001) compared with non-pregnant con- 186

trols (3.96 ± 0.33). Monocytes from preeclamptic pregnant 187

women revealed a significantly decreased PI (2.32 ± 0.66) 188

compared with healthy pregnant controls (p < 0.001) and 189

non-pregnant patients (p < 0.001). 190

4. Discussion 191

The main representatives of the innate immune sys- 192

tem are the monocytes (mononuclear phagocytes) and 193

neutrophil granulocytes (polymorphonuclear phagocytes). 194

These cells play an important role in the correspondence 195

with the adaptive immune system, mainly with cytokine 196

(interleukins, tumor necrosis factor, interferon) produc- 197

tion and this relationship is true vice versa (Beutler, 2004). 198

Clinical and experimental results confirm that cellular 199

and humoral components of the innate immune system 200

are activated during pregnancy (Sacks et al., 1999). As 201

a part of the activation, white blood cell count is ele- 202

vated significantly in normal pregnancy (Efrati et al., 1964). 203

Table 1
Clinical characteristics of non-pregnant (NP), healthy pregnant (HP), and preeclamptic pregnant (PE) women.

Clinical data NP women (n = 20) HP women (n = 25) PE women (n = 25) p Value

Age (years) 29.1 ± 3.2 29 ± 5.2 29.3 ± 3.4 NS
Systolic blood pressure at blood sampling (mmHg) 106.5 ± 6.1 108.9 ± 7.4 148.9 ± 7.9 p < 0.05*

Diastolic blood pressure at blood sampling (mmHg) 66.9 ± 5.4 70.9 ± 7.3 100.7 ± 7.4 p < 0.05*

Proteinuria at blood sampling, urine dipsticka 0 (0–0) 0 (0–0) 2 (1–3) p < 0.05*

Gestational age at blood sampling (weeks) N/A 36.4 ± 1.2 36.1 ± 0.9 NS
BMI at blood samplingb (kg/m2) 21.2 ± 2.5 24.9 ± 1.5 29.8 ± 1.3 p < 0.05*

Pre-pregnancy BMI (kg/m2) N/A 23.3 ± 1.2 24.2 ± 1.7 NS
Paritya N/A 0 (0–2) 0 (0–2) NS
Graviditya N/A 2 (1–3) 2 (1–4) NS

Mean values ± SD are presented. NA: not applicable. NS: not significant.
a Values are expressed as median (range).
b BMI: body mass index.
* Significant differences are indicated as follows: p < 0.05 healthy pregnant versus preeclamptic pregnant women.

dx.doi.org/10.1016/j.jri.2014.11.001
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In healthy pregnancy the maternal serum level of acute204

phase proteins (fibrinogen, factor VIII, several elements of205

complement system) is elevated (Comeglio et al., 1996).206

Nevertheless, pregnant women are more susceptible to207

infections than non-pregnant women, and these infections208

are usually more severe (Cunningham et al., 1984). Many209

aspects of the immunological background of preeclamp-210

sia have been examined. One of the generally accepted211

views is that because of placental hypoxia caused by212

abnormal placentation, STBMs break off from the placenta.213

These microparticles reach the maternal blood stream214

and play an important role in the creation of endothelial215

dysfunction and in the activation of maternal leukocytes216

(Laresgoiti-Servitje, 2013). It has been shown that some217

of the phagocytes play a role in the elimination of the218

STBMs (Abumaree et al., 2012). Syncytiotrophoblast does219

not express human leukocyte antigens (either class I or II),220

but does express several polymorph proteins and minor221

histocompatibility antigens that are responsible for the222

HLA-matched organ graft rejection (Holland et al., 2012).223

Owing to these results, we speculate that the monocytes224

and neutrophil granulocytes might play a role in the elim-225

ination of STBMs. The aim of this study was to evaluate226

the phagocytic function of these leukocytes in pregnancy.227

We have found that in healthy pregnancy, the phago-228

cytic function of neutrophil granulocytes and monocytes is229

significantly decreased compared with non-pregnant con-230

trols. We assume that this decrease may be part of the231

maternal immunosuppression for the protection of the232

fetus, a ‘hemiallograft’. STBMs reach the maternal blood-233

stream even in healthy pregnancy, but in a much lower234

amount than in preeclampsia, and these microparticles235

can activate the maternal immune system. This may be236

one explanation for the elevated number of inflamma-237

tory cells and for the proinflammatory status in healthy238

pregnancy. Decreased phagocytic function in healthy preg-239

nancy is still enough to eliminate enough STBMs that240

they do not cause endothelial dysfunction, but it is less241

effective against infections. In preeclampsia, the phago-242

cytic function of neutrophil granulocytes and monocytes243

is significantly decreased compared with healthy preg-244

nancy. This decrease can be part of an “immunoregulatory245

confusion” that may occur in preeclampsia. The numbers246

of STBMs are elevated in preeclampsia and phagocytes247

with remarkably decreased phagocytic function eliminate248

them with much lower efficiency. Thus, the decreased249

phagocytic function may contribute to the generation of250

endothelial dysfunction in preeclampsia. Decreased phago-251

cytic function may even play a role in the defense against252

microorganisms. However, it is not known whether infec-253

tion is partly a cause or a consequence of preeclampsia. Our254

results suggest that abnormal placentation, which is typical255

for preeclampsia, might happen in the very early phase of256

pregnancy. Although BMI was significantly elevated in our257

preeclamptic group, the pre-pregnancy BMI was normal258

for both the healthy pregnant and preeclamptic women.259

Higher average BMI found in the preeclamptic group was260

most likely due to maternal edema, which can be a sign of261

preeclampsia.262

In summary, our findings revealed that in healthy preg-263

nancies the phagocytic function of neutrophil granulocytes264

and monocytes is decreased compared with non-pregnant 265

women. The decline in phagocytic function may play a 266

role in natural maternal immunosuppression for the pro- 267

tection of the fetus. In preeclampsia phagocytic function 268

declines further, which may be a part of the immunoregula- 269

tory abnormalities characteristic of preeclampsia. Further 270

research is needed to define the factors that regulate 271

phagocytic function. Our current results may contribute to 272

a better understanding of the physiology of pregnancy and 273

the pathophysiology of preeclampsia. 274
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