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ABSTRACT

Objective: To examine whether the previously reported neutrophil acti-
vation which occurs in the maternal circulation of women with preeclampsia is
due to a factor(s) in plasma/serum which increases neutrophil locomotion.

Methods: The locomotory responses of human neutrophils to plasma/
serum of women with preeclampsia were compared with normal, pregnant
women matched for maternal age and gestational age at blood sampling.
Twelve patients from each group were studied. Preeclampsia was defined as
persistent diastolic blood pressure > 90 mm Hg, with proteinuria > 0.3 g/24 h,
in patients who were normotensive before 20 weeks gestation. A simple
microcomputer-based system for real-time analysis of neutrophil behavior in
vitro was used to measure the dynamic parameters of locomotion. Locomotion
of human neutrophils in response to plasma, serum (20%), and heat-inactivated
serum from both groups of patients was measured. Serum was heat inactivated
to destroy complement-derived chemotactic activity.
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Main Outcome Measures: Speed, persistence, and diffusion coefficient to
describe the behavior of randomly moving cells.

Results: A significant stimulation of neutrophil locomotion in response to
plasma, serum (20%), and heat-inactivated serum occurred in both groups
compared with control cells incubated with phosphate-buffered saline; how-
ever, no significant differences were found in response to these three stimuli
between the two groups of patients.

Conclusions: These studies found no evidence of a humoral factor in the
plasma/serum of women with preeclampsia which alters the locomotion of
human neutrophils. The existence of such a potential factor may be revealed,
however, upon examination of subsequent stages of neutrophil activation,
namely adhesion to endothelial cells and/or neutrophil metabolic activation.
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INTRODUCTION

Preeclampsia complicates up to 15% of pregnancies (1) and is associated with
an increased incidence of intrauterine growth retardation (IUGR). Infants who
survive IUGR have an increased risk of both physical and mental handicap, and an
increased risk of mortality in adult life from cardiovascular disease (2). Pre-
eclampsia and IUGR share common pathophysiological processes, and may be two
end points of the same disease spectrum in which organ perfusion is compromised.
In TUGR this process is confined to the utero- and fetoplacental circulations, while
in preeclampsia it extends throughout the maternal circulation.

The common pathological feature of preeclampsia is endothelial damage and
dysfunction (3). It is unclear what triggers this endothelial disturbance in pre-
eclampsia, but neutrophil activation can result in similar vascular damage in the
nonpregnant state (4). When neutrophils are activated, they synthesize and release
proteases, such as a specific neutrophil elastase, capable of mediating vascular
damage by destroying the integrity of endothelial cells, the vascular basement
membrane, and the subendothelial matrix (4). Toxic oxygen species and leuko-
trienes are also released and can produce membrane lipid peroxidation, lysis of
endothelial cells, and increased vascular permeability and reactivity (4,5).

We have previously shown that concentrations of neutrophil elastase, a
specific marker for neutrophil activation in vivo, are elevated in the peripheral
circulation of women with preeclampsia (6) and [TUGR (7), and that this activation
is confined to the maternal circulation (8). Furthermore, we have shown increased
numbers of elastase-positive neutrophils in the decidua of the placenta in pre-
eclampsia (9), the site where the characteristic vascular lesion, acute atherosis, is
seen. We have also reported a significant correlation between plasma neutrophil
elastase and von Willebrand factor, a marker of endothelial damage, which sug-
gests that neutrophil activity may contribute to the endothelial damage seen in this
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condition (10). Hence, activated neutrophils may provoke the maternal endothelial
damage and dysfunction seen in preeclampsia which underlies local tissue isch-
emia and vascular damage as occurs in the placenta, liver, and kidneys.

Although these data clearly indicate that neutrophil activation occurs in
preeclampsia, the mechanism underlying this activation remains to be explained.
Before neutrophils penetrate the endothelium and degranulate causing tissue/
vascular damage, they must be selectively recruited to the endothelium, and adhere
to and move over the luminal surface of the endothelial cells (11). The attachment
and extravasation of leukocytes is controlled by the expression of cell surface
adhesion molecules on both the circulating cells and the vascular endothelium (11).
We recently showed that concentrations of the vascular cell adhesion molecule
(VCAM)-1 and E-Selectin are elevated in the peripheral circulation of women with
preeclampsia (12,13). Increased expression of adhesion molecules by the endo-
thelium could be partly responsible for the neutrophil activation which occurs in
preeclampsia. Furthermore, candidate cytokines could be responsible for many
features of endothelial dysfunction. They could trigger neutrophil activation and
cell adhesion molecule expression on the endothelium, with resultant vascular
damage. Indeed, we and others have recently shown increased concentrations of
the cytokine interleukin (IL)-6 in the peripheral circulation of women with pre-
eclampsia (14,15). Furthermore, we have also shown that IL-6 can increase cell
adhesion molecule expression on endothelial cells in culture (16), suggesting that
IL-6 may, at least in part, be responsible for the increased cell adhesion molecule
expression and neutrophil activation which occurs in this disorder.

The early stages of neutrophil recruitment require not only changes in cell
adhesion, but also motor capacity, while the late stages are marked by a dramatic
activation of the metabolism of the cell. Thus, to further increase our understanding
of the mechanisms through which neutrophil activation contributes to the patho-
physiology of preeclampsia, the aim of this study was to examine the early events
of neutrophil activation using a simple microcomputer-based system for real-time
analysis of neutrophil behavior in vitro. In particular, the study was designed to
determine whether there is a humoral factor in plasma/serum from women with
preeclampsia which alters neutrophil locomotion.

METHODS
Patients

Twelve patients with preeclampsia and 12 patients with uncomplicated preg-
nancies were studied. None of the women had evidence of any active or potential
infective process, such as urinary tract infection or chorioamnionitis, and none was
close to labor at the time of sampling. The study was approved by the local ethics
committee. Preeclampsia was defined as persistent diastolic blood pressure above
90 mm Hg, with proteinuria greater than 0.3 g/24 h, in patients who were normoten-
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Table 1. Clinical Characteristics

NORMAL  PREECLAMPSIA

(n=12) (n=12)
No. of primigravidae 6 11
Maternal age (years) 283 £ 0.8 26313
Gestational age at blood sampling (weeks) 333 + 09 329 £ 1.0
Gestational age at delivery (weeks) 395 + 04 33.1 + 1.0*
Birthweight (kg) 348 = 0.14 2.09 * 0.28%
No. < 10th percentile 0 1

Note. Data are presented as mean + SE.
*P < 0.0005 compared with the normal, pregnant group.

sive before 20 weeks gestation. Maternal age, gestation at the time of blood
sampling, gestation at delivery, and birthweight were compared using the unpaired
Student ¢ test (Table 1). There were no significant differences between the two
groups studied in terms of maternal age or gestational age at the time of blood
sampling. However, the mean gestation at delivery was significantly shorter, and
the mean birthweight was significantly lower in the preeclamptic group.

Preparation of Plasma and Serum

Peripheral venous blood samples, obtained at similar gestational ages in both
groups, were drawn at diagnosis either into prechilled, plastic tubes containing
3.2% trisodium citrate as an anticoagulant for preparation of plasma (1 volume tri-
sodium citrate:10 volumes blood) or into glass tubes and allowed to clot for isola-
tion of serum. The blood samples were spun for 15 min at 2000 x g and 4°C.
Aliquots of plasma and serum were frozen immediately on dry ice and stored at
—70°C until use.

Isolation of Neutrophils

Neutrophils were purified by a modification of the method of Haslett et al.
(17). All reagents used were sterile and endotoxin free to prevent contaminants
prematurely activating the neutrophils. In brief, heparinized venous blood from
healthy, nonpregnant, female volunteers was mixed with 5% dextran (1 volume
dextran:10 volumes blood) and left for 60 min at room temperature for erythrocyte
sedimentation to occur. The leukocyte-rich plasma was carefully removed and
layered over an equal volume of Histopaque-1077 (Sigma Chemical Co., Dorset,
U.K.). The gradients were centrifuged for 15 min at room temperature at 750 x g.
The pellet consisted of polymorphonuclear leukocytes and some contaminating
erythrocytes. The erythrocytes were eliminated by a 15- to 20-sec hypotonic lysis,
and pure polymorphonuclear leukocytes were washed twice with phosphate-
buffered saline (PBS) pH 7.4, free of calcium and magnesium, and resuspended in
balanced salt solution (BSS) pH 7.4, at a concentration of 106 cells mL-!. Cells
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prepared by this method were >95% neutrophils, the remainder being mostly
eosinophil and basophil leukocytes. Viability was tested by Trypan Blue exclusion
(98-99% viable cells).

Automated Cell Tracking

Neutrophils were contained in a migration chamber: a stainless steel slide 76
x 38 x Imm with a 15 mm diameter circular aperture. The slide was sterilized under
flame and a 22 x 22 mm square glass coverslip was fixed over the aperture with hot
paraffin wax; the slide was turned over and 0.5% (w/v) bovine serum albumin
(BSA) was pipetted into the shallow well thus formed (0.5% BSA was used to coat
the glass coverslips, as it was found to be suitable for human neutrophils to attach
and remain rounded, not spread). After 20 min at room temperature, the solution
of BSA was discarded and the neutrophil suspension was gently added to the well
and left for a further 20 min at room temperature. The nonadherent cells were
removed by washing the well with PBS, and the adherent cells were then treated
with 0.3 mL of the sample of interest. A second coverslip was sealed over the well
with hot paraffin wax which was brushed on over the coverslip edges.

Cell tracking was automated by the method of Dow et al. (18). Migration
chambers were placed on the stage of an inverted-phase contrast microscope within
a temperature-controlled (37°C) transparent box. Locomotion was observed by
means of a video camera connected to both a monochrome monitor and an
Archimedes AS000 computer with a Watford video digitizer programmed to cap-
ture and analyze one frame every 5 sec. The displacement of randomly moving
objects determined by the least squares approximation in a measured time interval
gives an apparent speed that approaches the true speed as the measuring interval
decreases. However, the use of short time intervals reduces the signal-to-noise
ratio, and a compromise must be sought. In the present case a 5-sec time interval
was chosen as it allowed the assay progress to be assessed by eye.

The tracking program selected up to 80 cells in rank order of their distance
from the screen center. Selection was based on finding an island greater than a
threshold area composed of pixels above threshold brightness. The program dis-
play was designed to reveal the tracking status of each target cell. Firstly, the cells
were displayed in 16 gray shades, each active target cell was outlined in red, and the
line joining its center to the previous recorded position was plotted. The cells were
then unplotted, leaving the outlines of the target cells, which were then unplotted to
leave only the cell tracks. For each frame the computer stored the x and y coordi-
nates of the centers, the perimeter length, and the enclosed area of the target cells.

Target cells were lost from the tracking assay for a variety of reasons,
including (in the case of highly motile cells) moving beyond the search box,
touching the screen edge, and touching another cell. Furthermore, some stimuli
activated a reversible spreading process, resulting in large parts of the cell becom-
ing phase-dark. Such cells were lost from the tracking assay and were not recovered
as targets when they rebrightened; however, the rate of target cell loss did not







