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Abstract
The antiprogestin mifepristone has been used for more than 20 years as a medical alternative for early pregnancy termination.
After mifepristone administration, significant changes have been observed in the endometrial vessels, with cell injury and cell death
in capillary endothelial cells. In this study, the effect of mifepristone on human endometrial endothelial cells (HEECs) in vitro was
evaluated using proliferation and viability assays, quantitative polymerase chain reaction of markers important for the regulation of
angiogenesis, and by tube formation assay. There were no detectable effects of mifepristone on HEECs messenger RNA
expression of the studied markers. Exposure to mifepristone did not alter tube formation. However, mifepristone exposure to
HEECs cocultured with endometrial stromal cells significantly reduced the activity in the tube formation assay compared with
mifepristone exposure of HEECs in monoculture. This implies that mifepristone causes changes in HEEC-associated angiogenic
activity and that this effect is mediated through stromal cells via paracrine mechanisms.
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Introduction

The human endometrium is a dynamic tissue that undergoes

cyclic changes in preparation for embryo implantation. These

include changes in endometrial angiogenic activity and endome-

trial vasculature. These processes are probably under the control

of sex steroid hormones. Besides endometrial angiogenesis and

angiogenesis during corpus luteum formation, there is rarely any

physiological angiogenesis in adulthood. Endometrial angiogen-

esis is initiated during menstruation to repair the vascular bed

and continues during the proliferative phase with endometrial

regrowth and during the secretory phase when spiral arteries

grow and coil and the subepithelial capillary network is formed.1

Endometrial angiogenesis mainly occurs through vessel elonga-

tion, intussusceptions, and expansion of preexisting blood

vessels, while vascular sprouting is less common.1 Endothelial

cells cover the luminal surface of all blood vessels. These cells

control vascular morphology through angiogenesis and vascular

remodeling and they control other functional changes such as the

regulation of vascular tone. Human endometrial endothelial cells

(HEECs) differ to some extent from other endothelial cells, since

their activities are regulated by changes in estrogen and proges-

terone levels during the menstrual cycle. It has also been shown

that HEEC has a higher vascular endothelial growth factor

(VEGF)-binding capacity than a number of other endothelial cell

types such as human coronary endothelial cells, human umbili-

cal vein endothelial cells, and human dermal endothelial cells,

suggesting that HEECs are more sensitive to VEGF compared

to other endothelial cells.2 There are several studies in which the

expression of sex steroid receptors in HEEC has been investi-

gated,2-8 but up to now estrogen receptor b (ER-b) is the only

one proven to be present. Results regarding the expression of

other steroid receptors are conflicting, but there are some reports

that progesterone receptor (PR) is probably present.2,6 Although

the regulation of endometrial growth and regression by estrogen

and progesterone has been well studied, the direct and indirect

roles of these steroids in angiogenesis and in HEECs are not

clear. It has been suggested that ovarian steroids are capable

of inducing genes involved in endometrial differentiation of

human uterine microvascular endothelial cells.9 The progester-

one and the PR antagonist mifepristone (RU-486) have been

shown to affect the expression of PR-A in HUVECs.10 The

PR antagonists or antiprogestins, such as mifepristone, can be

used in fertility regulation by blocking the action of progester-

one. In the presence of progesterone, mifepristone acts as an

antagonist, but mifepristone alone exhibits endometrial proges-

tational effects at low doses and antiproliferative (antiestrogenic)
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effects at higher doses.11 Being the first available antiprogestin,

mifepristone has been successfully used for early pregnancy ter-

mination for many years. At low doses, it is also suitable for

emergency contraception through inhibition of ovulation and

alteration of endometrial function.12 In women and nonhuman

primates, administration of mifepristone is associated with

reduction in menstrual bleeding, or even amenorrhea, possibly

due to effects on the endometrial vasculature.13-15

Johannisson et al observed significant changes in the endo-

metrial vessels after mifepristone administration, seen as cell

injury and cell death in capillary endothelial cells.16 This vas-

cular damage has been proposed to compromise the embryo

survival.17 Mifepristone has also been previously reported to

affect the endometrial receptivity markers in a coculture

system of human endometrial epithelial and stromal cells.18

Levonorgestrel is a progestin used in hormonal contraceptives;

it is mainly a PR agonist and was therefore included in this

study for comparisons with the PR antagonist mifepristone.

Levonorgestrel binds to PR and also to several other human

steroid hormone receptors such as the androgen receptor

(AR), the glucocorticoid receptor (GR), and to a very limited

extent also ER.19

In this study, the effects of the PR antagonist mifepristone and

2 PR agonists progesterone and levonorgestrel on HEECs in

vitro were investigated using coculture and monoculture models.

This was done to provide in vitro insights into the effects of the

PR antagonist on human endometrial angiogenesis.

Materials and Methods

The study was approved by the Regional Ethics Committee,

Uppsala, Sweden. Informed consent was obtained from all

women included in the study.

Cell Cultures

Endometrial biopsy samples from 4 premenopausal women

undergoing hysterectomy for benign medical conditions at

Uppsala University Hospital were obtained for quantitative

polymerase chain reaction (qPCR). Biopsies from 5 additional

women were collected to be used in tube formation assay. None

of the women had endometriosis or submucous fibroids, and all

were nonsmokers. According to several previous in vitro stud-

ies, cultured endometrial endothelial cells behave the same in

vitro regardless of the phase of the menstrual cycle in which

they were collected.20-22

The endometrial biopsies were immediately put into cold

sterile phosphate-buffered saline (PBS; Invitrogen, Carlsbad,

California) and transferred to the laboratory. The samples were

washed in sterile PBS, followed by a series of brief washings in

iodine solution (Apoteket AB, Stockholm, Sweden), and

finally 3 times in PBS. They were then cut into 1-mm pieces

and thereafter exposed to a sterile-filtered solution of digesting

enzymes (2.5 mg/mL collagenase type II [Invitrogen], 50 mg/

mL deoxyribonuclease II [Sigma-Aldrich, St Louis, Missouri],

200 mg/mL hyaluronidase [Sigma-Aldrich], and gentamicin 4

mg/mL [Invitrogen]) in PBS for 1 hour in an atmosphere of

5% CO2 in humidified air at 37�C in a Forma Scientific CO2

incubator (AB Nino Lab, Upplands Väsby, Sweden). After 1

hour, the cell suspension was poured through a 40-mm nylon

cell strainer (BD Sciences, Franklin Lakes, New Jersey) into

a sterile centrifugation tube containing PBS, and the undigested

tissue was reincubated in fresh enzyme solution for an addi-

tional hour. The remaining cell suspension was thereafter

poured through the cell strainer into the centrifugation tube,

and the cell suspension was centrifuged at 400g for 10 minutes.

The supernatant was discarded, and the cell pellet was

dissolved in 1 to 2 mL of sterile PBS containing 0.1% bovine

serum albumin (BSA; Sigma-Aldrich). The dissolved cell

pellet was transferred into a smaller sterile tube, and 25 mL

of Dynabeads CD31 Endothelial Cell (Dynal Biotech ASA,

Oslo, Norway) was added to per mL of the cell suspension. The

tube was placed on a rocker for 30 minutes at 2�C to 8�C after

which the suspension was split into 2 tubes, and 2 to 3 times the

suspension volume of sterile 0.1% BSA-PBS was added. By

placing the tubes in a magnetic holder for 2 minutes, the

Dynabead-attached endothelial cells were attracted by the mag-

net and stuck to the test tube wall, while the stromal cells in the

supernatant were poured into a separate tube. The tube contain-

ing endothelial cells was removed from the magnetic holder,

endothelial cells were resuspended in fresh 0.1% BSA-PBS,

and the procedure with the magnetic holder was repeated 2 to

3 times. Both stromal and endothelial cells were suspended and

seeded in endothelial cell medium (ECM) containing 5% fetal

bovine serum and endothelial cell growth supplement (Scien-

Cell Research Laboratories Carlsbad, California). Endothelial

cells were seeded into 25-cm2 flasks and stromal cells into75-

cm2 flasks (Fischer Scientific GTF, Västra Frölunda, Sweden)

and incubated in an atmosphere of 5% CO2 in humidified air

at 37�C. The culture medium was changed 2 to 3 times per week,

and the cells were regularly checked using an inverted phase-

contrast microscope (Nikon Diaphot 300; TeknoOptik AB,

Skärholmen, Sweden). At subconfluency in passages 0 and 1,

subcultivation of cells was performed by trypsination with

trypsin-EDTA (Gibco; Invitrogen) according to the standard

procedures.

The method of isolation is a standard procedure at our

laboratory, and we have previously characterized the isolated

endothelial cells.23 Each biopsy sample gave rise to 1 individ-

ual monoculture and 1 coculture; cells from different women

were not pooled. The HEECs in passages 1 to 3 were grown

as monocultures or as cocultures with stromal cells and

exposed to mifepristone, progesterone, levonorgestrel, or vehi-

cle (ethanol). In cocultures, the HEECs were grown together

with stromal cells growing in inserts, allowing communication

but no direct contact between the 2 cell types.

Exposure to Test Substances

The HEEC were exposed to the test substance mifepristone,

progesterone, levonorgestrel (Sigma-Aldrich), or vehicle for 48

hours. Stock solutions were prepared in ethanol. Mifepristone
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stock solution was diluted in ECM (ScienCell Research Labora-

tories) to final concentrations of 0.01, 0.1, 1, 10, and 100 mmol/

L. Progesterone and levonorgestrel were diluted in cell culture

medium to final concentrations of 0.01 and 1 mmol/L, respec-

tively. The final ethanol concentration was 0.1% (v/v) in all the

treatment groups and the vehicle-only groups. A common clini-

cally used dose of mifepristone is a single dose of 600 mg orally.

This means a plasma concentration of approximately 5 mmol/L

after about 1.3 hours.

Proliferation and Viability Assays

Cell proliferation (BrdU) enzyme-linked immunosorbent

assays and cell viability WST-1 assays (Roche Diagnostics

Scandinavia AB, Bromma, Sweden) were carried out using 6

replicates from 4 individual women according to the manufactur-

er’s instructions, as described previously.7 Briefly in proliferation

assays, the treated HEECs were exposed to BrdU-labeling

solution for the last 24 hours of the 48-hour incubation. Labeling

was visualized using a peroxidase reagent, and absorbance was

measured at 450 nm. Viability was assessed using a WST-1 kit,

where 10 mL of WST-1 solution was added to the test

substance-treated HEECs for the last hour of a 48-hour incuba-

tion. After 1 hour of incubation at 37�C, the absorbance was

measured at 450 nm.

Tube Formation Assay

Endothelial tube formation assays were performed as described

previously.24 The HEECs from 5 women were cultured in 6-

well plates either as monocultures or as cocultures with stromal

cells and treated with 0.01, 0.1, 1, or 10 mmol/L mifepristone,

0.01 mmol/L progesterone, 1 mmol/L levonorgestrel, or vehicle

for 48 hours. The wells of a 96-well cell culture plate were

loaded with 70 mL Geltrex-reduced growth factor extracellular

matrix membrane (Invitrogen Life Sciences, Paisley, United

Kingdom) and incubated for 30 minutes at 37�C until it gelled.

Thereafter, the HEECs were detached by trypsinization and

held as single-cell suspensions in the cell culture medium con-

taining mifepristone, progesterone, levonorgestrel, or vehicle.

A Bürker chamber was used to determine cell number and to

assure cell viability. The HEECs were placed on top of the

extracellular matrix membrane (9000 cells in 100 mL cell cul-

ture medium per well) and incubated for 6 hours at 37�C. In

total, 4 replicates from 5 individual women were used for each

treatment, and VEGF (CAS: 127464-60-2; Sigma-Aldrich) was

added to 2 of the 4 replicates for each treatment to a final

concentration of 100 ng/mL. Tube formation was analyzed

using a Zeiss Axiovert S100 and A 5�/0.16 objective (Carl

Zeiss AG, Germany). The settings for the microscope, camera,

and software were the same for all images. The images were

analyzed using the Wimtube formation module in WIMASIS

Image Analysis (Munich, Germany). This online software

module identifies cellular tubes on a multiparametric basis.

Wimtube was compared with other methods for quantification

of tube formation, and the conclusion was that it was easy to

use and accurately quantified angiogenesis.25

The following parameters were determined: covered area

(%), total numbers of tubes, total tube length, total branching

points, total loops (loops are defined as the closed areas inside

the tubular structure), and total nets (are the different tubular

structures on the image that are not connected to each other.).

RNA Isolation, Complementary DNA Synthesis,
and qPCR

RNA from mono- and cocultured HEECs from 4 women was

isolated for messenger RNA (mRNA) expression analysis of

some angiogenesis-associated genes.

At subconfluency in passage 2, HEECs seeded in sterile 6-

well cell culture plates were exposed to 0.01, 0.1, 1, or 10

mmol/L mifepristone, 0.01 mmol/L progesterone, 1 mmol/L

levonorgestrel, or vehicle for 48 hours. Stromal cells were

seeded into inserts in the same well as the HEECs (Nunc CC

Inserts—Anopore membrane; Thermo Fisher Scientific Inc,

Waltham, Massachusetts). After exposure, the HEECs were

washed with PBS before being harvested in the lysis buffer.

Total RNA was isolated according to the RNeasy Mini Kit spin

protocol (Qiagen AB, Solna, Sweden). The concentration of the

isolated RNA was determined with the Qubit fluorometer

(Invitrogen), and the quality was determined with the Agilent

RNA Pico Kit in the Agilent 2100 Bioanalyzer (Agilent Tech-

nologies, Sweden AB, Kista, Sweden). Only high-quality RNA

with no signs of degradation was used for further experiments.

Isolated RNA was frozen in aliquots at �70�C until used.

The analyzed mRNA expressions of interest were PR-A þ B

NM_000926.4 forward: 50AGCCCTAAGCCAGAGATTCA 30,
reverse: 50 AGGATCTCCATCCTAGACC 30; GR NM_

001204258.1 forward: 50 GCGATGGTCTCAGAAACCAAAC

30, reverse: 50CAGAGGATAACTTCCTCTGTAATCTC 30; and

AR NM_001011645.2 forward: 50 CCAGGAGACCTGCCT-

GATCTG 30, reverse: 50 CCTCCTGTAGTTTCAGATTACC

30, and ERa and b, hypoxia-inducible factor (HIF), von Willeb-

rand factor (VWF), VEGF, placental growth factor (PLGF), and

VEGF receptors 1 and 2 (VEGFR1 and VEGFR2) primer

sequences.7

Statistical Analysis

Significance within and between the groups regarding prolifera-

tion, viability, qPCR, and tube formation assays were analyzed

using the Mann-Whitney U test. Values of P� .05 were consid-

ered to denote a statistically significant difference. The means of

6 replicates from each individual were used in the statistical

analysis of data on proliferation and viability of HEEC exposed

to the chemicals or the vehicle. The means of 2 replicates from

each individual were used in the analysis of tube formation of

HEECs. The 2 replicates that were exposed to VEGF were ana-

lyzed separately in the same way. Mean normalized expression,

based on the ratio between mean of triplicate Ct-values of target

and reference genes and the efficiency of the PCR reactions, was
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calculated as a measure of target gene transcription as described

by Muller and coworkers.26 Differences between mono- and

cocultures concerning proliferation, viability, qPCR, and tube

formation were analyzed using Kruskal-Wallis 1-way analysis

of variance. All statistical analyses were carried out using the

Statistical Package for the Social Sciences (SPSS (version 20).

Results

Proliferation and Viability

Proliferation and viability were not altered by any treatment,

with the exception of 100 mmol/L mifepristone, which signifi-

cantly decreased these parameters (Figure 1).

Tube Formation

There was no change in tube formation when monocultures of

HEEC were exposed to mifepristone, progesterone, or levonor-

gestrel. But, at a group level when HEEC were grown in

coculture with stromal cells and exposed to mifepristone, they

displayed significantly lower ‘‘total covered areas’’ (P ¼ .049)

and fewer ‘‘total loops’’ (P¼ .023) compared to HEECs grown

in monocultures (Figures 2 and 3). The HEECs grown in cocul-

tures and exposed to mifepristone also showed tendencies

toward reduced ‘‘total branching points’’ (P ¼ .068), ‘‘total

tube length’’ (P ¼ .072), and ‘‘total nets’’ (P ¼ .063) compared

to monocultured HEECs. The addition of VEGF at 100 ng/mL

did not affect HEECs tube formation. The HEECs exposed to

mifepristone in combination with VEGF showed no significant

differences between mono- and cocultures. There were also no

differences between mono- and cocultured HEECs after expo-

sure to progesterone or levonorgestrel.

Quantitative PCR of Angiogenesis-Related Genes
in HEECs

The HEECs exposed to 0.01, 0.1, 1, or 10 mmol/L mifepristone,

0.01 mmol/L progesterone, or 1 mmol/L levonorgestrel did not

Figure 1. Effects of mifepristone, progesterone, and levonorgestrel on monocultured and cocultured HEECs. Mifepristone of 100 mmol/L sig-
nificantly decreased both viability and proliferation of monocultured and cocultured HEECs from 4 patients. * P < .05. Data presented as mean
+ SEM. HEECs indicates human endometrial endothelial cells; SEM, standard error of the mean.
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show any significant changes in the gene expression of any of

the investigated mRNAs (ER-b, HIF, VWF, GR, AR, VEGF,

PLGF, VEGFR1, and VEGFR2). The ER-a and PR-A þ B

expression were too low to be further analyzed. There were

no differences between HEECs grown in monocultures and

cocultures.

Discussion

The HEECs exposed to mifepristone showed significantly

reduced tube formation activity when grown in cocultures with

stromal cells compared to HEECs grown in monocultures,with-

out any changes in the expression of the evaluated angiogenesis-

related genes. The presence of stromal cells thus seems to have

influenced the effect of mifepristone on HEECs’ angiogenic

activity. It is known that mifepristone, progesterone, and

levonorgestrel influence the endometrial bleeding pattern,13,16

probably by inducing changes in angiogenic activity and causing

functional and morphological changes in the endometrial vascu-

lature.13 In a previous study, in which the effects of ovarian

steroids on HEEC monocultures were investigated, it was shown

that estrogen and progesterone increased cell proliferation.5 In

the same study, when HEECs were grown on extracellular

matrix and exposed to estrogen and/or progesterone, there was

no significant difference in tube formation compared to con-

trols,5 which is in line with our results. Endometrial stromal cells

express ER-a, ER-b, PR-A, and PR-B,27,28 while the expression

in HEECs is uncertain except for ER-b.5 It has been proposed

that downregulation of paracrine/autocrine stromal growth fac-

tors are related to blockade of progesterone action on the spiral

arteries.14 In women, progesterone acts on the estradiol-primed

endometrium to initiate the transformation of stromal cells to

decidual cells around the spiral arterioles. Decline in serum pro-

gesterone contributes to menstrual shedding, which is initiated by

vasoconstriction. In primates, the only cells expressing the PR at

that time is the stromal and myometrial cells, which indicates that

Figure 2. HEECs from 5 patients exposed to mifepristone and grown in cocultures displayed significantly lower covered areas and total num-
bers of loops compared to mifepristone exposed HEEC in monoculture. Whiskers represent maximum and minimum values. HEEC indicates
human endometrial endothelial cells.

Figure 3. Representative images of tube formation of HEECs after exposure to 1 mmol/L mifepristone. A, Tube formation assay of mono-
cultured HEECs and (B) tube formation assay of HEECs cocultured with stromal cells. HEECs indicates human endometrial endothelial cell.
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those cells secrete factors that affect spiral arteries.15 In this study,

HEECs’ tube formation was negatively affected when HEECs

had grown together with stromal cells and exposed to mifepris-

tone, indicating similar occurrence as Brenner and Slayden saw

in nonhuman primates.29

The HEECs exposed to 100 mmol/L mifepristone showed

heavily reduced proliferation and viability rates. This concen-

tration was therefore considered as cytotoxic and was not

further investigated.

Mifepristone has been shown to cause vascular changes in

the endometrium.16 Low-dose mifepristone administered as

an alternative to other estrogen-free contraceptive pills is asso-

ciated with amenorrhea, which could be related to the effects

on the endometrial vasculature.13 Amenorrhea seen after mife-

pristone treatment may however also be a consequence of

effects on ovulation.12,30 Narvekar and coworkers also showed

that stromal VEGF expression was significantly reduced fol-

lowing mifepristone treatment,13 a finding that might be in line

with our results showing reduced angiogenic activity of HEECs

cocultured with stromal cells. Whether our finding is a result of

downregulation of stromal expression or release of VEGF

remains to be shown. The VEGF may not necessarily be the

major regulator of HEECs proliferation in the complex interac-

tion between angiogenesis promoters and inhibitors in the

human endometrium.31 In addition, most studies have failed

to reveal a clear link between the expression of endometrial

angiogenic factors and angiogenesis.1 Our results show that

HEECs tube formation did not increase after adding VEGF at

100 ng/mL in spite of the fact that VEGF is generally a known

inducer of endothelial cell proliferation. This finding is proba-

bly explained by the fact that tube formation does not depend

primarily on endothelial cell proliferation.32

Mifepristone may also bind to ARs and GR, which are

expressed by human endometrial stromal cells.33,34 This

implies that the effects on HEEC caused by mifepristone via

stromal cells might be a result of binding of mifepristone to

glucocorticoid and/or ARs. In this study, AR and GR mRNA

expression was detected in HEECs, but it remained unaffected

by exposure to mifepristone, progesterone, or levonorgestrel.

When mifepristone is used for early pregnancy termination,

there are both morphological and functional changes in the

endometrium, myometrium, decidua, and cervix, changes that

might be induced partly by interaction between mifepristone

and the AR and GR.33-35 It must however be emphasized that

these mifepristone-related changes are most probably induced

by mifepristone interacting with the PRs on stromal cells, and

that effects on HEECs probably are mediated through stromal

cells via paracrine mechanisms. It is also known that androgens

play a role in the regulation of both VEGF expression and

VEGF-induced cell signaling in normal tissues and hormone-

responsive cancers,36 which further supports their possible

involvement in the control of endometrial angiogenesis.

Working with primary cells is a great advantage compared

to cell lines, since they mimic the in vivo situation better than

cell lines. However, there are disadvantages such as interindi-

vidual variations, demanding culture procedures, and small

population size. Despite these difficulties, we find it important

to use primary HEECs to study the angiogenic effects of mife-

pristone to gain knowledge on events in the in vivo situation.

In conclusion, it was found that exposure of HEECs to mife-

pristone when cocultured with endometrial stromal cells resulted

in significantly reduced angiogenic activity compared with

HEEC in monoculture. It thus seems as if mifepristone induces

changes in angiogenic activity and that these effects are probably

mediated through stromal cells via paracrine mechanisms.
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