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The migration of leukocytes into the human endometrium is a normal occurrence that appears to be
linked to the hormonal events of the ovarian cycle. In addition, the appearance of large numbers of
leukocytes in decidua accompanies normal human pregnancy and puerperal endometrial repair during
uterine involution. These leukocytic investments in endometrial-decidual function are also affected by
external stimuli, e.g. infection. The formation of cytokines and the response of the uterine
endometrium and decidua to cytokines is likely to be an important function of this tissue before, during
and soon after pregnancy. Because interleukin-8 (IL-8) is a chemo-attractant activating factor for
neutrophils and T cells, the possibility was considered that IL-8 may participate in endometrial
leukocytic infiltration in a manner that is hormonally regulated. Previously, we found that IL-8 mRNA
is present in the endometrium and decidual tissues; and, using human endometrial stromal cells in
monolayer culture as a model system, we found that IL-1 and tumor necrosis factor-z act in a time-
and concentration-dependent manner to increase IL-8 mRNA and the accumulation of immuno-
reactive (ir)IL-8 protein. In this study, we found that progesterone and a synthetic progestin,
medroxyprogesterone acetate (MPA) act to enhance the action of IL-1 to increase the level of IL-8
mRNA; this action of progesterone/MPA appears to be affected principally by the stabilization of IL-8
mRNA, together with a small increase in IL-8 gene transcription. Copyright © 1996 Published by
Elsevier Science Ltd.
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INTRODUCTION leukocytes in endometrium/decidua is not known,
potential functions include participation in the remod-
eling of the endometrium during various stages of the
cycle and in the interactions of fetal and maternal
tissues during pregnancy; possibly participating in local
immunosuppression to protect against embryo rejec-
tion. The pattern of appearance suggests that hormonal
factors are involved in regulating this trafficking pattern
of leukocyte entry. A possible explanation for this
phenomenon is that the production of leukocyte
chemo-attractant proteins in endometrial cells is
modulated by estrogen or progesterone, or both. One
candidate for the recruitment of leukocytes to
endometrium is interleukin-8 (IL-8), a polypeptide with
neutrophil chemotactic/activating and T cell chemotac-
tic activity both in wvitro and in vive [2]. Previously, it
*Correspondence to M. L. Casey. was found that IL-8 is produced by endometrial stromal
Received 13 Jul. 1995; accepted 12 Dec. 1995. cells [3]. The present study was undertaken to
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The endometrium of ovulatory women undergoes
morphological and functional changes in response to
ovarian steroid hormones. These changes in the
endometrium are directed towards preparation of the
tissue for blastocyst apposition and implantation. In the
case of an infertile cycle, there is a decline in ovarian
(corpus luteum) estrogen and progesterone production,
which is followed by endometrial shedding, i.e.
menstruation. During this ovarian-hormone-induced
endometrial cycle, there are characteristic changes in
the endometrial glands and stroma and an influx of
bone marrow-derived cells into the endometrium/de-
cidua [1]. Although the precise function of the
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determine whether I1.-8 gene expression in endometrial
cells is regulated by progesterone.

MATERIALS AND METHODS

Isolation and culture of human endometrial stromal cells

Endometrial tissue was obtained from the uteri of
women after hysterectomy conducted for reasons other
than endometrial disease. Informed consent in writing
for the use of these tissues was obtained from each
woman prior to surgery. The consent forms and
protocols used were approved by the Institutional
Review Board of this University. Endometrial tissues,
removed from the uterus within 1 h of hysterectomy,
were placed in culture medium and transported to the
laboratory. Endometrial glands and stromal cells were
separated as decribed previously [4]. Briefly, the tissue
was finely minced ( ~ 1 mm’ pieces) and cells were
dispersed by incubation in Hank’s balanced salt
solution that contained Hepes (25 mM), penicillin
(200 U/ml), streptomycin (200 ug/ml), collagenase
(1 mg/ml, 15 U/mg), and DNAse (0.1 mg/ml, 1500 U/
mg) for 20-30 min at 37°C with agitation. The
dispersed endometrial cells were separated by filtration
through a wire sieve (73 um diameter pore). The
endometrial glands were retained by the sieve whereas
the dispersed stromal cells passed through the sieve into
the filtrate. The stromal cells were pelleted (and washed
twice) by centrifugation at 500xg for 10 min and
suspended in Ham F12:Dulbecco minimal essential
medium (1:1, v/v) that contained antibiotics-antimy-
cotics (1%, v/v) and fetal bovine serum (10%, v/v). The
stromal cells were plated in plastic flasks (75 cm?),
maintained at 37°C in a humidified atmosphere (5%
CO, in air), and allowed to replicate to confluence.
Thereafter, the cells were passed by standard methods
of trypsinization and plated in culture dishes (100 mm
diameter or 24-well plates).

All experiments were commenced with cells after first
passage within 1-5 days after confluence was attained,
and all were conducted in F12:DMEM (1:1, v/v)
medium with fetal bovine serum (10%, v/v). The cells
were treated with test agents or appropriate vehicle [e.g.
ethanol as a vehicle for progesterone and medrox-
yprogesterone acetate (MPA); final concentration
0.1%, v/v). At the end of experiments, the culture
media (from 24-well plates) were collected and frozen
at =70°C (for subsequent quantification of IL-8 by
ELISA); cells (in 100-mm diameter plates) were used
for quantification of total protein or for isolation of total
RNA. Experiments were performed three or more
times.

Preparation of total RNA and northern analysis

Total RNA was prepared by the method of Chirgwin
et al. [5], size-fractionated by electrophoresis on 1%
formaldehyde-agarose gels (5 ug/lane), transferred

electrophoretically to Hybond-N* membrane (Amer-
sham, Arlington Heights, IL), and linked to the
membrane by heating in vacuo. Prehybridization was
conducted for 16 h at 65°C in buffer comprised of
NaCl (0.9 M), Tris—-HCl (90 mM, pH 8.3), EDTA
(6 mM), Denhardt solution (5 x), SDS (0.1%), sodium
pyrophosphate (0.1%, w/v), and salmon sperm DNA
(0.2 mg/ml). Hybridization was conducted for 16 h at
65°C in the same buffer exactly as described previously
[3] using an IL-8-specific oligonucleotide probe
(5-TGT TGG CGC AGT GTG GTC CAC TCT
CAA TCA-3") end-labeled with [y-*P]ATP, which
corresponds to a portion of exon 2 in the coding region
of the IL-8 gene [6]. Blots were washed with 6 x SSC
and SDS (0.1%, w/v) for 15 min at room temperature,
twice with 2 x SSC and SDS (0.1%, w/v) for 15 min at
room temperature, and once for 20 min at 65°C.
Autoradiography of the membranes was performed at
- 70°C using Kodak X-Omat AR film. The presence of
equal amounts of RNA in each lane was verified by
visualization of ethidium bromide-stained 28S and 18S
ribosomal RNA subunits or by analysis of glyceralde-
hyde-3-phosphate dehydrogenase (G3PDH) mRNA,
using a specific 24-mer oligonucleotide probe (5'-TCT
AGA CGG CAG GTC AGG TCC ACC-3 [7D
end-labeled with [y-*P]ATP. Radioactivity that corre-
sponded to specific hybridization with IL-8 and
G3PDH mRNAs was quantified by use of an Ambis
radioanalytic imaging system and radioactivity in IL-8
mRNA is normalized to that in G3PDH mRNA.

Analysis of transcription

IL-8 gene transcription was assessed (in three
separate experiments) using a modification of the
“nuclear run-on” procedure described by Sasaki er al.,
[8] exactly as we have done previously in these cells [3].
Briefly, cells were treated for 8 h with test agents, then
homogenized using a Dounce homogenizer in buffer
comprised of sucrose (0.25 M), Hepes (10 mM,
pH 8.0), MgCl, (10 mM), dithiothreitol (2 mM), and
Triton X-100 (0.1%, v/v). The nuclei were pelleted
(and washed) by centrifugation at 600 x g for 5 min,
layered over sucrose (1.3 M in lysis buffer). After
centrifugation at 10 000 xg for 10 min, the pelleted
nuclei were suspended in buffer that consisted of Hepes
(50 mM, pH 8.0), MgCl, (5 mM), EDTA (0.1 mM),
dithiothreitol (2 mM) and glycerol (40%, v/v). For
transcription assays, nuclei were incubated at 26°C for
20 min in transcription buffer comprised of Hepes
(20 mM, pH 8.0), MgCl, (5 mM), NH,CIl (90 mM),
MnCl, (0.5 mM), glycerol (16%, v/v), EDTA
(0.04 mM), dithiothreitol (2 mM), ATP, CTP and
GTP (0.4 mM each), and [«-*P]JUTP (0.25 mCi,
3000 Ci/mmol); the reaction was terminated by the
addition of RNase-free DNase 1 (Boehringer
Mannheim, Indianapolis, IN). After treatment with
proteinase K, RNA was extracted into phenol/chloro-
form (1:1, v/v), was precipitated by the addition of
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ammonium acetate (2.5 M) and ethanol (2 vols), then
pelleted by centrifugation and dissolved in Tris—Cl
(1 mM, pH 7.5), EDTA (0.5 mM), and SDS (0.1%,
wiv). IL-8 cDNA (294 bp; 2 ug/dot; prepared by
polymerase chain reaction (PCR) using sense (5'-ACT
TCC AAG CTG GCC GTG GCT CTC TTG
GCA-3") and antisense (5'-TGA ATT CTC AGC CCT
CTT CAA AAA CTT CTC-3") primers corresponding
to a translated portion of IL-8 mRNA [6]] or ~ DNA
(EcoRI digest; 2 pg/dot) was transferred to nylon
membrane using a dot-blot apparatus and linked by
heating the membrane at 80°C in vacuo. Prehybridiza-
tion was conducted with salmon sperm DNA;
hybridization was conducted with equal amounts of
newly-transcribed [**P]RNA for 36 h at 45°C. At the
end of the hybridization procedure, the membranes
were washed with 2x SSC and SDS (0.1%, w/v) for
30 min at 65°C then incubated in 2 x SSC containing
RNase A (10 pg/ml) and RNase T (1 pug/ml) at 37°C
for 30 min. Membranes then were incubated in 2x
SSC and SDS (0.1% w/v) containing proteinase K
(100 ug/ml) at 37°C for 20 min, and washed in 2x
SSC and SDS (0.1%, w/v) at 65°C for 30 min.
DNA-RNA hybridization was evaluated by autoradiog-
raphy and quantified by the use of an Ambis
radioanalytical imaging system or by scintillation
counting.

IL-8 ELISA
Immunoreactive IL-8 in culture media of endo-
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metrial stromal cells was quantified using an ELISA
from R & D Systems (Minneapolis, MN). There is no
detectable crossreactivity with other known cytokines
(e.g. IL-1%, IL-18, IL-2, IL-6, TNF-x) in this assay.
The sensitivity for IL-8 was 0.47 ug/100 ul sample. The
intra-assay coefficient of variation was 7.95%.

Reagents

Human recombinant IL-1« was from Collaborative
Research Corp. (Bedford, MA) and Amgen Biologicals
(Thousand QOaks, CA), respectively. Actinomycin-D,
progesterone and MPA were purchased from Sigma
Chemical Co. (St Louis, MO).

RESULTS

Modulation of IL-8 mRINA levels and IL-8 protein secretion
by progestins

To evaluate the possibility that progestin modulates
IL-8 expression in endometrial stromal cells, the cells
were pretreated with progesterone (10~7 M) for various
times before cytokine treatment. In cells pretreated with
progesterone for 14-17 days to induce decidualization
9], IL-12 (10 U/ml) treatment for 6, 18, or 24 h
induced higher levels of IL.-8 mRNA than in cells not
pretreated with progesterone (Fig. 1). Progesterone
pretreatment for shorter times (1 and 2 h) also led to
increased IL-8 mRNA levels with IL-1 stimulation
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Fig. 1. Effect of long-term progesterone pretreatment. Confluent endometrial stromal cells in culture were
pretreated with or without progesterone (107 M) for 17 days to facilitate decidualization. Then progesterone
pretreated and non-pretreated cells were incubated for 6, 18 and 24 h in culture medium containing IL-1x
(10 U/ml). At the end of the incubation period, the culture media were removed, total RNA was prepared; IL-8
mRNA was detected by northern analysis of total RNA (5 ugf/lane). C, control; PP, progesterone; I, IL-1x.
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Fig. 2. Effect of short-term progesterone pretreatment.
Confluent endometrial stromal cells in culture were pretreated
with or without progesterone (10" M) for 1 or 2 h. Then cells
were incubated for 4 h in culture medium containing IL-1x
(10 U/ml) beginning at 0 h. At the end of the incubation period,
the culture media were removed and IL-8 mRNA was detected
by northern analysis of total RNA (5 ugflane). C, control; I,
IL-1a; P, progesterone; P,, progesterone added to media at the
same time as IL-1x; P,, progesterone added to media 1 h
before IL-1a; P,, P added to media 2 h before addition of IL-14.

when compared with those not treated with progester-
one (Fig. 2). Similarly, MPA (10~7 M) pretreatment for
1 h also induced higher levels of IL.-8 mRNA than in
cells that were non-pretreated with MPA (Fig. 3).
Treatment of endometrial stromal cells with estradiol
17-8 (1-5x 10°®* M for times ranging from 4 to 48 h)
had no discernible effect on IL-8 mRNA levels.

In another experiment, endometrial stromal cells
were pretreated with progesterone (1077 M) for 2h
before IL-1a treatment (1 U/ml). Culture media were
collected at 3 h intervals for 33 h and immunoreactive
I1L.-8 was quantified by ELISA (Fig. 4). The amount of
IL-8 produced by progesterone-treated cells was not
greater than that produced by non-treated cells. If an
increase in IL-8 protein production in cells pretreated
with progesterone were to accompany the increase in
IL-8 mRNA, we would have expected to find such a
difference after ~ 9 h and for some time (possibly a
short time) thereafter. This estimate was based on the
time courses of progesterone and IL-1 action on IL-8
mRNAs. At some times, the levels of immunoreactive

IL-8 in the medium of cells pretreated with progester-
one were lower (or greater) than that in controls, but
these were not consistent time-dependent differences.
Thus, we conclude that the increase in IL.-8 mRNA in
progesterone-treated cells is not accompanied by an
increase in the amount of I1.-8 protein that is secreted
into the medium, as detected by immunoassay.

Regulation of IL-8 nuclear transcription

Nuclear run-on analysis was used to evaluate the
effects of IL-1 and progesterone on IL-8 gene
transcription. Constitutive transcription of IL-8 was
demonstrated in nuclei from unstimulated cells as we
found previously [3]. Progesterone (10~7 M) treatment
for 8 h before isolation of nuclei (2 h prior to IL-1«
treatment) was associated with a 10-20% increase in
IL-8 transcription in both IL-1-treated and non-treated
cells in the three studies conducted (Fig. 5).

Regulation of IL-8 mRNA stability by progesterone

To determine if the effect of progesterone was the
result of alterations in IL-8 mRNA stability, we
evaluated the degradation of IL-8 mRNA in cells that
were or were not pretreated with progesterone for 2 h
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Fig. 3. Effect of medroxyprogesterone acetate (MPA) pre-
treatment. Confluent endometrial stromal cells in culture were
pretreated with MPA (10-7 M) or vehicle (ethanol, 0.01%, viv)
for 1 h, then cells were incubated for 5 h in culture medium
containing IL-1a (1 U/ml). At the end of the incubation period,
the culture media were removed and IL-8 mRNA was detected
by northern analysis of total RNA (5 ug/lane). C, control; M,
medroxyprogesterone acetate; I, IL-1a.
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Fig. 4. Effect of progesterone pretreatment on immunoreactive IL-8 production. Confluent endometrial stromal

cells in culture were pretreated for 2 h with progesterone (107 M), then cells were incubated for 3-6-h intervals

up to 33 h in culture medium containing IL-1a (1 U/ml). Culture media were collected, and IL-8 was quantified
by ELISA. Data are mean + SEM for replicates of three.

prior to treatment with IL-1o (1 U/ml) for 6 h. The
half-life of II.-8 mRNA in non-pretreated cells was
approximately 45 min, whereas in progesterone-pre-
treated cells, it was 85 min (Fig. 6).

DISCUSSION

IL-8 is a chemotactic factor for neutrophils and
lymphocytes. The local concentration of IL-8 is
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Fig. 5. Effect of IL-1« and progesterone on IL-8 transcription.

Nuclei were isolated from endometrial stromal cells in culture

after pretreatment with or without progesterone (10’ M) for

2 h, then treatment with or without IL-1« (1 U/ml) for 6 h and

transcription assays were performed. C, control; P, progester-
one; I, IL-1a.

important in determining whether neutrophils or
lymphocytes are recruited predominantly. At low
concentrations, T lymphocytes are two to ten times
more sensitive than neutrophils to the chemotactic
effect of IL-8 [2]. It is likely that chemo-attractants,
such as IL-8, are involved in regulating the proportions
and locations of large granular lymphocytes and other
leukocytes in the decidua during normal pregnancy and
in response to infection by way of the elaboration of
IL-18 and TNF-x. TNF-a production has been
demonstrated in a number of extra-embryonic fetal
tissues and in uterine decidua of normal pregnancy
[10]; and IL-1f mRNA is present in decidual tissue,
and the level of pro-IL-1§ mRNA is increased in
response to bacterial toxins or cytokines [11].
Previously [3], and again in this study, we found that
IL-1x acted in endometrial stromal cells in culture to
increase the levels of IL-8 mRNA and to increase the
level of immunoreactive (ir)IL-8 protein secreted into
the culture medium. Pretreatment of these cells with
progesterone augmented (by two-fold) the effect of IL-1
on the levels of IL.-8 mRNA in these cells. The effect
of progesterone on induction of I1.-8 gene transcription
was minimal, whereas the half-life of IL-8 mRNA was
prolonged by pretreatment with progesterone. The
amount of immunoreactive IL-8 that accumulated in
the medium, however, was not increased by progester-
one pretreatment, suggesting that the translatability of
IL-8 mRNA may be decreased or limiting under these
circumstances. We find that IL-8 mRNA is present in
decidual tissue obtained at mid-trimester and at term
[3]. It is likely that other factors are involved in the
regulation of IL-8 gene expression in the human
endometrium/decidua. Progesterone, acting to prolong
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Fig. 6. Effect of progesterone pretreatment on IL-8§ mRNA
stability. Confluent endometrial stromal cells were pretreated
with or without progesterone (10-" M) for 2 h, then cells were
incubated for 6 h in culture medium containing IL-1a«
(1 U/ml). The levels of IL-8 mRNA were determined before
(time=0) and at 30-min intervals after the addition of
actinomycin-D (10 xg/ml). Ambis radioanalytical quantifi-
cation of IL-8 mRNA after actinomycin-D treatment is also
presented (graph); data are expressed as a percentage of the
amount of IL-8 mRNA in the cells at time =0. C, control; P,
progesterone.

the half-life of IL-8 mRNA may participate in the
regulation of IL-8 production. This may provide for an
enhanced local defense mechanism against bacterial
infections in decidua of pregnancy. It has been shown
by others that neutrophil chemotactic activity in the rat
vagina is hormonally controlled [12] and that germ-free
mice have a normal vagina neutrophil response induced
by progesterone [13].

Generally, IL-8 is not produced constitutively in
significant amounts, but rather is induced in a variety
of cell types after treatment with any of a number of
cytokines or mitogens [14], [15]. Previously, we
obtained evidence from nuclear run-on analyses that
the II.-8 gene is transcribed constitutively in endo-

metrial stromal cells in culture and that IL-8 mRINA has
a short half-life [3].

The principal effect of progesterone to increase IL-8
mRNA levels appears to be by the prolongation of IL-8
mRNA half-life. Progesterone/progestins may act to
induce the production of specific ribonuclease inhibitor
proteins that limit the degradation of IL-8 mRNA.
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