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Objective: To investigate the influence of ethinyl estradiol and cyproterone acetate in oral contraceptives on
leukocyte migration through endothelial cell monolayers.

Design: Experimental in vitro prospective study.

Setting: An academic research laboratory.

Intervention(s): Endothelial cells were cultured on microporous membranes to produce monolayers. Poly-
morphonuclear leukocytes were used in a previously described migration assay (n5 7). The amount of
untreated polymorphonuclear leukocytes that migrated through untreated endothelial cell monolayers was
used as a control and set at 100%. In addition, a leukocyte adhesion assay was used.

Main Outcome Measure(s): Leukocyte adhesion to and transmigration through endothelial cell monolayers.

Result(s): Ethinyl estradiol and cyproterone acetate inhibited the migration of polymorphonuclear leukocytes
through endothelial cell monolayers significantly (67%6 6.4%) when both cell types were treated to simulate
in vivo conditions. The adhesion assay produced similar results.

Conclusion(s): Ethinyl estradiol and cyproterone acetate were identified as potent inhibitors of leukocyte
migration through endothelial cell monolayers. (Fertil Sterilt 1999;72:652–6. ©1999 by American Society for
Reproductive Medicine.)
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Examination of the interactions between en-
dothelial cells and blood components is essen-
tial for understanding various pathophysiologic
processes, including atherosclerosis and in-
flammation. The interactions of leukocytes and
endothelial cells play a tremendous role in var-
ious inflammatory processes (1, 2). The contact
of leukocytes with vascular endothelium is an
important early event in atherosclerosis (3).
Leukocytes attach to endothelial cells, adhere
firmly, and roll against endothelial cell walls,
and then migrate into the subendothelial space,
where monocytes can convert into macro-
phages (3, 4).

Macrophages can release various growth

factors for smooth muscle cells and can trans-
form into foam cells, resulting in atheroscle-
rotic plaques. The influence of many endoge-
nous substances, including arachidonic acid
metabolites and various hormones, has been
investigated with the use of an in vitro double-
chamber migration assay that includes endo-
thelial cell monolayers (ECMs) (4, 5).

Little is known about the influence of ethi-
nyl estradiol and cyproterone acetate as com-
ponents of oral contraceptives on leukocyte
adhesion and transmigration in a coculture sys-
tem. Various groups recently have described an
inhibitory effect of estradiols on leukocyte che-
motaxis, without using a second cell system
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(6–8). These results are significant in that there are known
untoward effects related to oral contraceptives, as well as
numerous pathophysiologic processes. Therefore, the
present study was undertaken to investigate and better clarify
the role of ethinyl estradiol and cyproterone acetate in me-
diating or modulating the migration of leukocytes through
ECMs and the adhesion of leukocytes to endothelial cells.

MATERIALS AND METHODS

Volunteers (n5 7) gave their informed consent to blood
withdrawal. Mothers of newborn infants gave their informed
consent to the collection of umbilical cords. The study was
approved by the institutional review board of the University
of Vienna.

Isolation of Polymorphonuclear Leukocytes
Polymorphonuclear leukocytes (PMNLs) were isolated

with 40 mL of heparinized (10mL/mL) whole blood, which
was obtained from seven healthy female (n5 4) and male
(n 5 3) volunteers. Polymorphonuclear leukocytes were
isolated using a Percoll-Ficoll method described by Metcalf
et al. (9). The freshly isolated neutrophils were washed twice
in phosphate-buffered saline (GIBCO, Gaithersburg, MD)
and resuspended in medium M199 (GIBCO). The cells were
counted in a cell counter (Sysmex, Tokyo, Japan). Cell
viability was measured using Trypan blue (Merck, Darm-
stadt, Germany) exclusion staining. A concentration of 5
million PMNLs per milliliter was used in 200-mL aliquots (1
million PMNLs) in the migration assay.

Isolation of Human Endothelial Cells
Human umbilical vein endothelial cells were freshly iso-

lated from the umbilical cords of newborn infants using a
modification of the method of Jaffe et al. (10) and cultured
on fibronectin-coated microporous membranes (polyethyl-
ene terephthalate membranes, 3-mm pore size; Becton Dick-
inson, San Jose, CA) to produce ECMs (11). The quality of
the ECMs was controlled using an inverted microscope
(IMT-100TM; Olympus, Tokyo, Japan).

Leukocyte Transmigration Assay
Cultured ECMs and freshly isolated PMNLs were prein-

cubated for 30 minutes with ethinyl estradiol (0.035 mg) and
cyproterone acetate (2 mg) (Schering, Berlin, Germany) to
simulate a relevant plasma concentration (150 pg/mL), as
well as with lower (15 pg/mL) and higher (1,500 pg/mL)
concentrations (12, 13). A control group received no ethinyl
estradiol or cyproterone acetate. After preincubation, the
PMNLs were placed on the ECMs, which were situated on
microporous filters of the double-chamber 24-well system.
Then, the PMNLs were incubated at 37°C in 5% CO2 at 95%
humidity for 3 hours in the presence of the chemoattractant,
formyl-methionyl-leucyl-phenylalanine (1027 M), which
was placed in the lower chamber.

The assay is a modification of a previously described

chemotaxis assay (14–17) and has been described as a
migration assay (5, 18). The chemoattractant was placed into
the lower chamber of the double-chamber system under the
microporous filter. After 3 hours, the rate of leukocyte mi-
gration (untreated PMNLs through treated ECMs, treated
PMNLs through untreated ECMs, treated PMNLs through
treated ECMs, and control [untreated] PMNLs through un-
treated ECMs) was measured with the fluorescent dye,
calcein-acetomethylester (5 mmol/L; Molecular Probes, Eu-
gene, OR) (19–21), using a fluorometer (Perseptive Biosys-
tems, Hamburg, Germany) and calculated as a percentage of
the control value. Figure 1 illustrates the principle of the
transmigration assay.

Adhesion Assay
Leukocyte adhesion (n5 7) was measured using an assay

reported by De Clerk et al. (22). In brief, endothelial cells
were grown to monolayers on 24-well plates (Costar, Cam-
bridge, MA). Polymorphonuclear leukocytes treated with
various concentrations of ethinyl estradiol and cyproterone
acetate for 30 minutes or untreated PMNLs were stained
with the fluorescent dye, calcein-acetomethylester (10mmol/
L), and then washed twice in phosphate-buffered saline.
Polymorphonuclear leukocytes were seeded by gentle pipet-
ting at the top of ECMs treated with ethinyl estradiol and
cyproterone acetate or of untreated ECMs. Then, PMNLs
were incubated for 3 hours at 37°C. Nonadherent PMNLs
were removed, and PMNLs that were adherent to endo-

F I G U R E 1

The principle of the double-chamber assay. One well of a
24-well plate and the double-chamber migration system are
illustrated. A microporous membrane filter (pore size, 3 mm)
with a confluent monolayer divides the upper and lower
chambers. The chemoattractant formyl-methionyl-leucyl-
phenylalanine (f-MLP) is placed in the lower chamber. After
incubation, the filter containing the nontransmigrated cells is
removed and the amount of transmigrated cells is measured.
PMNL 5 polymorphonuclear leukocyte.
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thelial cells were measured using a fluorometer (Persep-
tive Biosystems).

Statistical Analysis
Student’st-test was used for comparisons between the

different study groups and the control group (GraphPAD
InStat, version 1.14; GraphPAD Software Inc., San Diego,
CA). Analysis of variance was used for comparisons be-
tween the different concentrations of ethinyl estradiol and
cyproterone acetate within the groups and between the
groups. The values of seven independent experiments are
expressed as means6 SD. P,.05 was considered statisti-
cally significant.

RESULTS

Transmigration of Leukocytes Through
ECMs

The influence of ethinyl estradiol and cyproterone acetate
on the transmigration of leukocytes through ECMs is shown
in Figure 2. The migration of untreated leukocytes through
the untreated ECMs that were used as a control in each
experiment was set at 100%.

The following observations were made when a relevant
concentration of ethinyl estradiol and cyproterone acetate
(150 pg/mL) was used. When only PMNLs were treated with

ethinyl estradiol and cyproterone acetate, the migration rate
was decreased to 86%6 6.7% (P,.05 compared with
control). When only ECMs were treated with ethinyl estra-
diol and cyproterone acetate, the migration rate was de-
creased to 74%6 7.2% (P,.05 compared with control).
When both PMNLs and ECMs were pretreated with ethinyl
estradiol and cyproterone acetate, the rate of leukocyte mi-
gration through ECMs was reduced significantly to 67%6
6.4% (P,.05 compared with control).

Statistical comparison of the treated cell types showed a
significant difference (P,.05) between the group of treated
PMNLs and the group of treated PMNLs and treated ECMs,
as well as between the group of treated PMNLs and treated
ECMs using ethinyl estradiol and cyproterone acetate. The
treatment of both cell types simultaneously had an additive
effect compared with the treatment of PMNLs alone.

The influence of different doses of ethinyl estradiol and
cyproterone acetate (15, 150, and 1,500 pg/mL) on leukocyte
migration through ECMs was investigated when both cell
types, PMNLs and ECMs, were pretreated (Fig. 3). The
migration rate of treated PMNLs through treated ECMs was
measured using a lower mean (6 SD) concentration (96%6
9.4%, P 5 not significant compared with control) and a
higher mean (6 SD) concentration (52%6 5.9%, P,.05
compared with control). Statistical comparison of the differ-

F I G U R E 2

Influence of a relevant plasma concentration of ethinyl estra-
diol and cyproterone acetate (150 pg/mL) on leukocyte mi-
gration through endothelial cell monolayers (ECM). Shown
are the migration rates when only polymorphonuclear leuko-
cytes (PMNL) were treated (treat PMNL), when only ECM
were pretreated (treat ECM), and when both cell types (PMNL
and ECM) were treated with ethinyl estradiol and cyproterone
acetate (both treated). The rate of migration of untreated
PMNL through untreated ECM was used as a control and set
at 100%. *P,.05 compared with control.
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F I G U R E 3

Influence of lower (low concentration), relevant (mean con-
centration), and higher (high concentration) concentrations of
ethinyl estradiol and cyproterone acetate (15, 150, and 1,500
pg/mL) on leukocyte migration through endothelial cell
monolayers (ECM) when only one cell type (polymorphonu-
clear leukocytes [PMNL] or ECM) or both cell types were
treated with ethinyl estradiol and cyproterone acetate. Rele-
vant and higher concentrations led to a significant reduction
in leukocyte migration compared with control. The rate of
migration of untreated PMNL through untreated ECM was
used as a control and set at 100%. *P,.05 compared with
control.
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ent concentrations used in the leukocyte migration experi-
ments revealed statistically significant differences (P,.05)
between all groups (group low concentration, group mean
concentration, and group high concentration). The results
demonstrated a dose-dependent effect.

Adhesion of Leukocytes to ECMs
The influence of ethinyl estradiol and cyproterone acetate

on the adhesion assay is shown in Figure 4. Ethinyl estradiol
and cyproterone acetate reduced the adhesion of PMNLs to
ECMs when a relevant plasma concentration was used: the
treatment of both cell types reduced PMNL adhesion to 70%
6 6.3% (P,.05 compared with control), the treatment of
PMNLs only reduced it to 89%6 7.8% (P,.05 compared
with control), and the treatment of ECMs only reduced it to
80% 6 8.1% (P,.05 compared with control).

DISCUSSION

Ethinyl estradiol and cyproterone acetate is a widely used
combination in oral contraceptives in Europe. In the present
study, ethinyl estradiol and cyproterone acetate were deter-
mined to be potent inhibitors of leukocyte migration through
ECMs using a double-chamber coculture assay. The results
of the present investigation also showed that higher concen-
trations of ethinyl estradiol and cyproterone acetate led to a
greater reduction in leukocyte transmigration. The treatment
of both cell types, PMNLs and ECMs, to simulate in vivo
conditions, produced an additive effect. It is not clear from

the study whether the results were due to the estrogen or the
progestin in the oral contraceptive selected.

Neutrophils play a vital role in the body’s defense against
invading microorganisms. Polymorphonuclear neutrophils
can adhere to the vascular endothelium. The PMNLs attach
firmly, rolling against the endothelial cell wall. The PMNLs
change shape from rounded to elongated cells, enabling them
to migrate into the tissue to eliminate bacteria. In the present
investigation, ethinyl estradiol and cyproterone acetate ap-
peared to influence the migration of PMNLs in the presence
of ECMs.

It is well known that arachidonic acid metabolites and the
hormones in oral contraceptives can alter the inflammatory
process. Our laboratory recently investigated the influence of
the nonsteroidal antiinflammatory drug ibuprofen (5) on the
migration of leukocytes through ECMs using the same dou-
ble-chamber migration assay. In that investigation, the treat-
ment of PMNLs and ECMs with relevant plasma concentra-
tions of ibuprofen reduced the rate of migration of PMNLs to
approximately 40%. In the current study, ethinyl estradiol
and cyproterone acetate were identified as potent inhibitors
of PMNL migration in clinically relevant doses; they
decreased the rate of migration approximately 60% when
both PMNLs and ECMs were pretreated to simulate in
vivo conditions.

In addition to the treatment of both cell types with ethinyl
estradiol and cyproterone acetate, the design of the migration
assay allows the treatment of either PMNLs or ECMs alone.
Another aim of the present study was to determine which
type of cell was affected more strongly by ethinyl estradiol
and cyproterone acetate. Endothelial cells and PMNLs were
significantly affected by relevant concentrations of ethinyl
estradiol and cyproterone acetate. The treatment of both cell
types resulted in an additive effect compared to the treatment
of PMNLs alone.

Different investigators (6–8) have studied the influence
of estradiols on PMNL chemotaxis through a filter system
without using ECMs. These groups demonstrated an atten-
uation of the chemotaxis of leukocytes. In the current study,
these findings were confirmed. Moreover, the present study
investigated the effects induced by ethinyl estradiol and
cyproterone acetate on the transmigration of neutrophils
through a monolayer of endothelial cells. With the use of this
assay, ethinyl estradiol and cyproterone acetate could be
investigated in a setting that more closely resembled in vivo
conditions. In addition, ethinyl estradiol and cyproterone
acetate affected ECMs. The treatment of both PMNLs and
ECMs produced an additive effect compared with the treat-
ment of PMNLs alone.

A reduction in leukocyte transmigration might be caused
by stronger adhesion to the endothelium or by weaker leu-
kocyte adhesion to the endothelium. In this study, ethinyl
estradiol and cyproterone acetate significantly reduced the
adhesion of human PMNLs to human ECMs.

F I G U R E 4

Influence of a relevant plasma concentration of ethinyl estra-
diol and cyproterone acetate (150 pg/mL) on leukocyte ad-
hesion to endothelial cell monolayers (ECM) when either
polymorphonuclear leukocytes (PMNL) or ECM, or both
PMNL and ECM, were treated with ethinyl estradiol and
cyproterone acetate. The adhesion of untreated PMNL to
untreated ECM was used as a control and set at 100%.
*P,.05 compared with control.
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In conclusion, the results of this investigation indicate
that ethinyl estradiol and cyproterone acetate influence hu-
man leukocyte and endothelial cell function. Ethinyl estra-
diol and cyproterone acetate were identified as potent inhib-
itors of leukocyte migration. The treatment of both cell
types, ECMs and PMNLs, produced an additive effect. The
data suggest that ethinyl estradiol and cyproterone acetate
influence inflammatory processes as well as the early stages
of atherosclerosis.
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