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Endocrine and paracrine controls regulate the
endometrium during the luteal phase of the cycle to
permit implantation. Part of this differentiation process

is the production of a specific secretion which fills the
intrauterine cavity and glandular lumen. Its molecular
composition originates from the gland secretion, from
transudations from stroma, from the endometrial blood
vessels, and last, but not least, from cellular components
of apoptotic and exfoliated cells. We have studied the
secretions of all phases during the menstrual cycle using
patterns evaluated by SDS—PAGE, by laser densi-
tometry or Western blots. Uterine secretion electro-
phoresis (USE) permits detailed analyses of the
intrauterine micromilieu and allows clinical assessment
of the receptive stage of endometrium during the luteal
phase. Several individual protein bands have been
defined as characteristic markers for such receptive
pattern. We have isolated and identified the molecular
structure of several of these proteins, e.g. histones,
cyclophilin, transthyretin, haptoglobin and uteroglobin.
Investigations on the endocrine regulation of these
proteins, were carried out on the uterine secretions of
patients treated with progesterone antagonists

1To whom correspondence should be addressed. Fax: 49-241-888-8508;

(mifepristone and onapristone). The results demonstrate
how progesterone-dependent components produce a
receptive pattern, which can serve as a useful and precise
marker in the clinical diagnosis of the luteal phase.
Essential progesterone-dependent components different-
iating during the luteal phase may provide new targets
for contraceptive interventions by preventing the
physiological changes typical of receptivity.

Key words:endometrial contraception/endometrial proteins/
electrophoretic assessment/progesterone antagonism/
receptivity

Introduction

There are still no widely accepted criteria for evaluating
endometrial receptivity. Novel methodological approaches
include classical means such as light and electron
microscopy, cell and tissue culture, and biochemical and
physicochemical analysis. However, the most promising
means are available using molecular biology and gene
technology, to resolve cell physiology, including the
switching-on and -off of specific genes. The final
confirmation of receptivity will be indicated by the
blastocyst itself rather than by the results of any
polymerase chain reaction (PCR) investigations. It is this
crucial phenomenon of receptivity which will be the
decisive question for any clinical investigation on the
newly envisaged ‘endometrial contraception’, which is
based on the strategic concept of inhibiting or preventing a
receptive stage of the endometrium. This, in turn, should
prevent the early establishment of pregnancy and act as a
locally restricted contraceptive mechanism.

The endometrium: a complex organ, not just a
simple tissue

The endometrium represents the mucosa which lines the
uterine cavity. The common description that this mucosa
consists of two main cell populations, namely ‘epithelial’
and ‘stromal’ cells, is a simplification which is no longer
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Figure 1. Morphological aspects of endometrial differentiation and maturation during the luteal phase of the human menstrajgHestce. (
logical diagram of human endometrium during the luteal phase of the cycle. Stroma is filled with fibroblasts, predecidndlrogiterous

blood vessels. Immunohistochemistry provides a more detailed view than textbook versions, allowing new insights interitiatdiffeell
populations of the stroma [se&)), (Reproduced with permission from Breckwoldtal, 1994, Medical Service Munich b) Histological
cross-section from the luteal phase, day 24 of the cycle, showing abundant immunocompetent cells (blue staining). A largé numbe
CD56-bright cells are evenly distributed, some in closer contact to spiral arteries and endometrial glands. Counted}aifringryeells by

MIB-1 antibodies against Ki-67 as proliferation marker. Cryosection; original magnificatiof, (Original illustration by Joachim Alfer and
Irmgard Classen-Linke, Dept of Anatomy and Reproductive Biology, Aachen.)

justified. The epithelial cell population is comprised of thesessels into the compartment of the ‘stroma’ (Figure 1b),
surface epithelium and of the various glandular epitheliurand this is also the source of all endocrine signals for
cells, which are found in the tubular glands of the stratuendometrial proliferation and transformation.

functionale and stratum basale (Figure 1a), while the

‘stroma’ c_ontains the reticqlar connective tissue of the, o specializations: the pinopodes

mucosa, filled abundantly with lymphocytes and granulo-

cytes during the luteal phase of the menstrual cyclehe initial step of blastocyst attachment to the endometrial
(Classen-Linkeet al., 1995). This reticular connective surface is thought to involve extraction of fluid from the
tissue is comprised of a very special population afiterine lumen by specialized cellular apical protrusions
fibroblasts which can be transformed rapidly into(Figure 2). These specialized bulging surface membranes
decidualized cells, if an embryo has begun to attach andwere described as ‘pinopodes’ (Parr and Parr, 1974;
implant. These specialized cells are found in any menstrudsychoyos, 1994; Nikast al, 1995). However, despite
cycle as predecidualized cells, which are locatethese descriptions, which postulate that pinopodes are
preferentially within the perivascular compartments of therogesterone-dependent cellular organelles appearing for
stratum functionale. The abundantly proliferating blooanly 2 or 3 days between days 19 and 21 of the normal
vessels seem to play an extremely important role within thmenstrual cycle, there is no conclusive evidence available
mucosa. Basal anastomosing arteries branch into thet these structures have any clear-cut predictive value as
terminal ‘spiral’ arteries, which sprout into capillaries thatmarkers of the ‘implantation window'. We have shown by
drain the periglandular and subepithelial compartmentcanning electron microscopy (SEM) that these apical
into venous sinuses. An enormous number of lymphocytgsotrusions are seen preferentially at the funnel-shaped
granulocytes and macrophages migrate from the bloagpenings of the glands and that they are membrane



450 H.M.Beier and K.Beier-Hellwig

Figure 2. Scanning electron micrograph showing the apical surface

of the luminal uterine epithelium in an endometrial sample obtained Figure 3. Scanning electron micrograph showing larger magnifica-

from a patient at day 11 of the cycle after clomiphene treatment (100tions of pinopodes in various stages of their morphological develop-

mg each day from days 5-9 of the cycle). Fully developed pinopodesment (same patient as in Figure 2). Extended apical protrusions

appear at the edge of a funnel-shaped gland opening. Original magare shown in the centre, whereas at the left almost completely

nification, x3600. wrinkled structures are seen, possibly undergoing a process of
shrinking. This indicates that pinopodes more frequently shrink than

ializati ibly f ier t b . become pinched off (arrows at right)) A fully extended pinopode
Specializations, possibly 1or easier transmembrane Carmed sy, n in the centre of the illustration. Pinopodes on the left are at

processes, perhaps in both directions. Occasionally, theggious stages of shrinking. (a, b) Original magnificaticy, 000.
pinopodes may be pinched off (Figure 3a and b), probably

releasing more fluid than they may have taken up. cytokines participate in the modulation of oestrogen and
progesterone control of endometrial differentiation and
transformation, as well as in the stepwise achievement of
receptivity that enables the embryo to implant.

Modern cell biology has unravelled those molecules Cytokines such as interleukin (IL)-1, tumour necrosis
responsible for the fine-tuning of endocrine regulationfactor-a (TNF-a), transforming growth factan-(TGF-0),
Many functions of endometrial cells are regulated by potemindothelial growth factor (EGF) and colony stimulating
intercellular signals, the cytokines. These molecules act &tor-1 [CSF-1 (M-CSF)] are obviously involved in
paracrine or even autocrine factors from cell to cell, or fromestablishing regional specific distribution of various cell
cell via extracellular pathways back on the same celhopulations and their differential proliferative activity
Although cytokines were initially recognized as factorawithin the endometrium. Particular microenvironmental
involved in immune reactions, recent research clearlgonditions may be created by the assembly of
indicates that they represent the network of polypeptideytokine-responsive cells which are attracted around cells
signals which cell populations of complex tissues, such #isat produce membrane-bound cytokines. On the other
the endometrium, require for local and for immediatdnand, cytokines may be released by certain cells and attract
cell—cell communication. There is ample evidence thaither responsive cells. Consequently, local production and

Paracrine modulation of endometrial function
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paracrine effects of cytokines may be decisive modulatol - - — ~

events to polarize tissue compartments, such as the bas wio TN ﬁt G

and functionalis of the human endometrium. From thes =« .= ;-”‘-"# !P.Jfﬂf#‘;
stromal compartments—and in particular from lymphoic M e . i?‘ b8 L;-#?é"ﬂ*&z)e,’
cell aggregates—major modulations of glandular an ' ‘f,{,"* g 4 “"*;,g

luminal epithelium, on epithelial cell differentiation and | *ﬁ* gl e
function may be initiated by cytokines, e.g. as has bee | " P “‘ ST ‘w
shown for interferory (IFN-y) and TGFe. Further = & & PRI RS g, i g
influences on epithelial cell cycles and on preparations fc %‘2%&:‘;3—, égq K -
menstrual processes are shown by IL-1 and b A T ”?{)"
IL-1-mediated effects through the elaboration of IL-6 == = g
(Tabibzadeh and Sun, 1992; Simetral, 1995). e
Individual molecules of the cytokine family may be seen
as characters of an alphabet or a code. In this wayigure 4. Endometrial section from the Iuteal phase on day 24 of the
information transmitted to target cells may be the productycle, showing the immunoreaction of leukaemia inhibitory factor
of several cytokines, or the net effects of a battery ofLIF) (red staining). This section demonstrates a strong response for
regulatory peptides, rather than just being composed of orjg 'ocated in the apical cytoplasm and apical protrusions of glandu-
LT . . lar epithelial cells. Paraffin section, original magnificatisBp0.
individual Cyto_kme (Tabibzadeh, 19_94)' . (Original illustration by Joachim Alfer and Irmgard Classen-Linke,
The expression of genes for cytokines and their receptotsept of Anatomy and Reproductive Biology, Aachen.)
has gained particular attention in research on early
mammalian development, which appears in synchrony wit

endometrial differentiation to achieve receptivity. Variouséhange' Oestrogens control the permeability of capillary

cytokines (growth factors) including insulin-like growth faC_endothellaand thus transudation; progesterone is responsible

tor (IGF)-l and -Il, EGF, TGR, platelet derived growth for the secretory activity and the control of apoptosis of

A endometrial epithelia (Teradat al, 1989; Rotelloet al,
factor (PDGF)-A, CSF-1 and leukaemia inhibitory factor, 991; von Ranget al, 1998). Physicochemically, oestrogen

(LIF) (Figure 4) are expressed in temporal and spati . . . ) .
. . ecreases the viscosity of uterine secretion, while
variables to serve a most sophisticated pattern of events

o . ) . progesterone stimulates an increase in viscosity.
which finally accomplishes embryonic and trophoblasti ,
. . More than two decades ago, we presented the first
development. Thus, paracrine modulations may enable, a

: iochemical analyses of proteins in human uterine
molecular cross-talk between endometrial cells an : . o . )
- . Secretions (Beieet al, 1970; Beier and Beier-Hellwig,
blastocyst cells, contributing locally to the endocrin

. 973). At that time, uterine fluid containing distinct

embryo—maternal dialogue. The molecular network o R <
, ) : . . _amounts of protein in amounts sufficient for
cytokines involved in cellular control of this complex tissue

does not reguire any departure from the traditional view (?jlectrophoretlc resolution was obtained by gently flushing

&

steroids being the main forces that ‘pull the strings’ o e uterine lumen after hysterectomy. Today, methodo-

. . : “logical improvements in the analysis of min flui
endometrial function. Cytokines broaden our understandln\%] cal improvements the analysis © ute fiuid

of the intricate cellular operations which establish receptivi%r
and immunological tolerance in the endometrium.

lumes have made it possible to investigate samples of
otein of as little as 60—-8{y. SDS treatment of proteins
further permits useful resolution of protein patterns.
Consequently, among patients from infertility clinics,
systematic and comparative analysis has revealed
In the uterus, the fluid layer on the inner surface of the lumetwmerous characteristic variations and changes in the
contains a considerable amount of protein. These proteipeotein patterns of uterine secretion, the definition of which
are transudates of serum origin, leakage products bés led to a greater accuracy in diagnosing either normal or
apoptotic and sloughed-off cells, and products of the releadeficient endometrial performance.

of local glandular secretion (Beier, 1974). All components of
transudate, leakage and secretion material vary E
composition and amount during the menstrual cycle
depending on ovarian hormonal control. Due to steroi
hormone influence, the viscosity and biochemicalfter SDS treatment of the protein samples, a considerable
composition in terms of electrolyte concentration, and glucaxumber of protein bands appear in polyacrylamide gel
saminoglycan, glycogen, peptide and protein contentdectrophoresis, particularly among the lower-molecular

Composition of endometrial secretion

iochemical analysis of the uterine secretion
roteins
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ﬂ The protein patterns, as demonstrated in Figure 5,
. represent a dynamic spectrum of bands which appear and
ﬂd disappear in the course of endometrial differentiation,

\ ' reaching a maximum of individual bands, together with the
' most intensely staining fractions, between days 15 and 24 of
the ideal 28-day cycle. All protein patterns analysed for the

' f\ \ } | normal cycle were obtained from patients without hormonal
1 N | stimulation (Beier-Hellwiget al, 1988, 1989).
"f WM j"._ ﬁ’ql | H . . . .
) il /M \ 1l Lﬂ J It is obvious that a humber of bands are missing, while
A0 NS I, weow g others are only very weakly expressed (except albumin and
: ™ : \Vasy the a-/B-globin fractions) during the beginning of the
Group A Group B | Grm?.f{; ik W

menstrual cycle, i.e. days 1-5, and also at the end of the
cycle, at days 25-28. In particular, groups A and C lack
various bands during the phase of quiescence, which
represents a type of intermediate phase between the end of
the secretory phase and the start of the next proliferative
phase. This reinforces the interpretation that, for diagnostic
reasons, the physiological menstrual cycle may be divided
into three functional states rather than two. During the period
of endometrial proliferation, several more intensely staining
bands appear. At days 12—14, the pattern of proliferation is
completed. Groups A and B are now strongly expressed,
whereas group C awaits its completion at 24-48 h post
ovulation. Particular attention must be paid to the three
Figure 5. Protein patterns of human uterine secretion at variousintensely staining protein bands within group C inthe
stages of the menstrual cycle. For comparison, a protein pattern aange 15-18 kDa. The 12.5-kDa protein fraction decreases
human blood serum (HSP) is shown. The patterns demonstrated afg width and staining intensity during the periovulatory

from the quiescent phase (QUP) and luteal phase (LUP). MO'ecu'aPeriod and remains less prominent for the entire luteal phase.
weight ranges are indicated between HSP and QUP. Particular fami

lies of protein bands are indicated by the areas of groups A, B and CA.‘S early as 24-48 h post OVUI_atlon’ physiological C}/CI?S.
Albumin (Alb), immunoglobulin (IgG), histones (H2A, H2B, H3 reveal a stable pattern over a period of up to 9-10 days; this is

and H4), cyclophilin (Cyp), transthyretin (Tty), haptoglobin (Hpg) defined as the luteal phase pattern. It appears as though
and both chains af-globin (@-gl) andB-globin @-gl) are indicated.  during these 9-10 days of an ideal menstrual cycle, there is
Sodium dodecyl sulphate—polyacrylamide gel electrophore5|sn0 decrease or disappearance of components of protein

(SDS—-PAGE) was performed in a polyacrylamide gradient of .
8.3-16.6%, with Coomassie blue staining. Theupperpartofthefigpattems' Such a pattern reflects adequate endometrial

ure shows the laser densitometric tracing of the LUP protein patterrperfprmar_]?& anq may b_e considered as the ‘receptive’
at the electrophoretic segment from 60.0 to 6.5 kDa, and particulatiterine milieu (Beier-Hellwiget al, 1989, 1994, 1995).
profiles of groups A, B and C are indicated within boxes.

, , . . . Identification of significant protein bands
weight fractions (Figure 5). This area is represented by the eat 'gnim protel

bands betweead, 68 kDa (marker: albumin) amd, 6.5 kDa The most obvious changes occurring during the luteal
(marker: trypsin inhibitor from the lung). The totally phase involve individual protein bands in group C, with an
expressed electrophoretic pattern under these conditiokls range of 12.0-18.0 kDa. After SDS—PAGE, using 15%
comprises some 60—-70 protein bands, the most pronoungealyacrylamide gels, the resolved proteins were
and heavy staining of which are the albumin fraction at 68ansferred to a Millipore Immobilon-P membrane using
kDa and those of the- and3-chains of haemoglobin, close the discontinuous semidry blotting method for 45 min at
to a position of 12.5 kDa. Bands below 68 kDa which forn® mA/cn? at 15C. After staining with Coomassie brilliant
three groups of very similarly sized, partly faintly stainingblue G250, the three bands between 14.0-18.0 kDa were
bands are the focus of our investigation. Group A isxcised and frozen at —ZD. These samples were
represented by bands between 45 and 34 kDa, grouppBcessed for amino acid sequencing using the Applied
between 29 and 25 kDa, and group C between 18 aBibsystems 477A pulsed liquid protein sequencer. The
12 kDa. sequence P-E-P-A-K-(X)-A-P-A-P, clearly identified



Human endometrial receptivity 453

histone H2B. The identity was 90% in an overlap of the 1Binding sites for thyroxine are located. Less than 1% of
amino acids. these protein molecules are normally involved in thyroxine
Subsequent investigations using co-migration ofransport. About 40% of the transthyretin circulates in a
histones H2A, H2B, H3 and H4 (purchased fromight protein—protein complex with the plasma retinol
Boehringer Mannheim, Germany) in SDS-PAGEbinding protein (RBP), the specific transport protein for
provided convincing evidence that all of these histones haitamin A. Stoichiometry and polarization data suggest
corresponding protein bands in samples of the uterirfieur binding sites and a molecular mass of 54 980 Da; the
secretion (Hilmeet al, 1993). Finally, we could present monomeric subunit migrates in PAGE at approximately the
definitive proof of molecular identity by immunological 15 kDa position.
identification using polyclonal rabbit antibodies directed The sequence V-D-S-G-N-D-V-T-D-I-A-D-D-G led to the
specifically to histones H2A, H2B, H3 and H4. There werddentification of haptoglobin 1. This analysis represents a
no cross-reactions with human blood serum samples, nbB0% identity in the overlap of these 14 amino acids. The
with uterine secretion samples from the follicular phasearotein has a signal peptide of 18 amino acids and a total of
Clear evidence was obtained by Northern blot and in-sit847 amino acids. The peptide content of the native molecule
hybridization that histones H2A, H2B and H3 areis 84%; consequently, 16% of the carbohydrates form part of
controlled by ovarian steroid hormones during thehe molecule. Haptoglobin normally binds free plasma
menstrual cycle. By contrast, histone H4 is not regulated taemoglobin, normally as a dimer of anehain and one
steroids, but represents rather a constitutive component@globin chain. In all body tissues, haptoglobin is found in
uterine secretion (Hilmest al, 1995, 1996; von Rango extracellular compartments, the molecule forming a tetramer
et al, 1998). of two aj- and two3-chains. Although the haptoglobin
Further identification of lower-molecular size proteinf3-chain is clearly related to serine proteases, haptoglobin has
bands of USE patterns revealed that another interesting agdl enzymatic activity. A common haptoglobin allele codes
protein migrates in two isoforms of approximately 17 andor a variation with different amino acid positions in the
18 kDa. The first 10 amino acids of the isolated protein-chain, resulting in aoy-chain.
were sequenced as V-N-P-T-V-F-F-D-I-A, which Further, from the USE protein pattern, we identified the

acids and identifies this protein as cyclophilin A, théhaemoglobing-globin). There was a 100% identity in the
synonym of which is peptidyl-prolydis-transisomerase overlap of the 12 amino acids. Our minisequence
A (EC 5.2.1.8). This protein is composed of a total of 16depresents the first 12 amino acids from a total of 141 in this
amino acids (Harding, 1991). Cyclophilins are receivingnolecule. Another sequence from a USE protein band
increasing attention because they are involved in thesulted in 12 amino acids, V-H-L-T-P-E-E-K-S-A-V-T,
conformation of steroid hormone receptors bound twhich was clearly identified as tBechain of haemoglobin
non-activated receptor molecules, together with the heg-globin). There was a 100% identity in the overlap of
shock proteins hsp70 and hsp90. These proteins belonghese 12 amino acids. This molecule comprises a total of
the important components of the receptor complex thd#6é amino acids, with an approximate molecular size of 15
accomplish their specific functions only after protein000 Da, very similar to that af-globin. Both chains,
folding. There is evidence that this cyclophilin is involveda-globin andB-globin, migrate in PAGE separation close
in the biochemical activity of the oestrogen receptoto the 12.5 kDa position.
(Ratajczaket al, 1993) and the progesterone receptor Among these proteins, we detected the human equivalent
(Lebeau and Baulieu, 1994; Fischer, 1994). of the rabbit uteroglobin. The isolation and molecular
In another identification, we defined two serum proteinglentification of human uteroglobin was described recently
as being part of the USE pattern, where subunits migragaoki et al, 1996). This unique protein was also detected as
as bands in the group C region. The sequeng®rt of the human uterine secretion by ELISA (Table I) and
S-P-T-G-T-G-E-S-K, which represents an 88.9% identityvas found in only small amounts within the intrauterine
in the overlap of these nine amino acids, identified theicroenvironment, suggesting that its significance in
protein as transthyretin (prealbumin). This serum proteihumans may differ from that in rabbit or rat (Figure 6).
comprises 147 amino acids, of which 21 form the signal Further identification of USE pattern protein bands is
peptide. Transthyretin is a binding protein for thyroxine, itgurrently under investigation in our laboratory. Protein
subunits being arranged as a homotetramer. Two pairstinds identified to date by isolation, sequencing and
loops form an internal molecular channel where twammunological reactions are listed in Table I.
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can be inadequate, despite a normal progesterone output
during the luteal phase. Rarely, an atrophic endometrium
can occur, together with normal ovarian function. Jones
(1949, 1976) was the first to discuss a defective
endometrial response to hormonal stimulation as a cause of
luteal inadequacy. As mentioned previously, endometrial
transformation is, as arule, absolutely dependent on steroid
hormone control of the ovary. The dynamic process of
transformation is paralleled by a remarkable and
characteristic secretory activity. Circumstantially, the
endometrial reaction can be dissociated from hormonal
control. Under such conditions, the physiological
dependency is broken down, and the endometrium turns
out to be completely refractory or provides only a partial
response in that proliferation and/or transformation are
A o started, but not completed. Thus, the endometrium loses its
WMAOD:  WEEPA MoeVE MCLUs STUEE TAIOM 1783 DeCME capacity of building up the necessary full composition of
PRRENLC AR AR ATRAA DA Eebes Dare protein patterns in uterine secretion that seems to be a
prerequisite for the support of implantation. The

t GOl ssdICPg FlqVl EaLLL GasSn YRAAL EpFaP asbDlg

huran Ok UHGP:{; uuu:- nﬂ.l:ol] Sep'ElB: unL; r.ara:: s-l.c?n.'l phySIOloglcaI CyC|e appears as a dynamlc Sequence Of a

/st 10l dAGmQ mKXv1 DaLPQ LTREN IaKLT EKIvk SPLCR continuously changing protein release that in turn can be

AU naGto LKCLY DELPQ oTRAN TvELT BRIt SPLCe qdlrv analysed by the sequentially changing protein patterns seen
in PAGE.

Figure 6. Uteroglobin (UGL) in human endometrium and human We have evidence that densitometric tracinas of
uterine secretion. The dimeric structure shows the design of an ex- 9

tremely globular molecule, displaying the centrally located binding SDS-PAGE samples of USE protein patterns will serve as a
pouch for progesterone and other lipophilic molecules. This com-Promising means for clinical evaluation and eventually may
puter design was drawn using the coordinates published by Morize lead to new approaches for luteal phase management. Even
al. (1987). The lower part of the figure shows the alignment of aminoyithin a cycle of conception, assessment of USE protein

acids of human, rabbit and rat UGL. Capital letters indicate residue ; ; ; : ;
. ’ - ; atterns is possible. Diagnostic analyses of samples obtained
which are conserved within the UGL family. The homology of hu- ?) P 9 Y P

man to rabbit UGL reaches 57.4%. The sequence homology of rabb®" day 2 a}fter the |L1Jte|n|Z|ng hormone (LH) peak express
and rat UGL is very similar, with an overlap of 39 within 68 amino Patterns of ‘adequate’ luteal phases. Moreover, these samples
acids. Rat UGL shows slightly lower homology to human UGL by an were taken from patients in conception cycles that went on to

overlap of 37 within 68 residues (Aoki al, 1996). normal clinical pregnancies (Figure 7).

Progesterone regulates endometrial receptivity
Assessment of USE patterns and the expression of proteins

To date, monitoring of the menstrual cycle in the clinicalnitially, progesterone antagonists were studied in our rab-
procedure lacks any reliable and significant assessmenthif model, utilizing uteroglobin synthesis and release as
the so-called ‘endometrial factor’ that might serve as a usefolarkers (Beieret al, 1987, 1991, 1994). Based on these
predictive parameter for a receptive endometrium or theavestigations, we used competitive receptor antagonists to
implantation window. The endometrium regularly reacts agrogesterone for more detailed studies of the effects of
the target tissue of the ovarian hormones. Consequentiypgesterone on human endometrial proteins. Since mife-
histological dating proved to be a sensitive indicator gbristone (RU 486) is the only registered progesterone an-
ovarian function, reflecting perturbations of thetagonist permitted for clinical application (e.g. in France,
physiological balances of ovarian steroids. ConverselyK and Sweden), this compound was the first to be studied
however, the assumption that normal or rather sufficierfitr its effects on the human luteal phase. Earlier investiga-
steroid hormone concentrations measured in blood plasriians at the Karolinska Hospital (Swagtral, 1990, 1991)
would guarantee a normal endometrial development is falsn dose ranging and classical clinical parameters had
There are many reports in the literature which indicatshown that a single dose of 200 mg of mifepristone given
that the histological transformation of the endometriunorally on day 2 after the LH peak inhibited the establish-
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ment of pregnancy and allowed an undisturbed menstruattagonists, particularly in the partial or total inhibition of the
bleeding. Also, with this protocol, mifepristone was foundappearance of several single endometrial proteins.
to be ineffective in decreasing epithelial progesterone re-Fertility-regulating approaches using progesterone
ceptor concentrations in the endometrium and, in turn, rentagonists have been numerous, although only the
tarding endometrial maturation; however, it did not altepost-ovulatory or early luteal phase applications have yet
the serum concentration of follicle stimulating hormongyroved effective in preventing pregnancies (Glasie,
(FSH), oestradiol and progesterone. 1992; Gemzell-Danielssaet al, 1993). Such treatments
Following the same protocol, we investigated the effect quring the early luteal phase have offered a successful
single administration of 200 mg mifepristone on the Uteri”@ontraceptive strategy, and we could demonstrate
secretion protein pattern assessed by USE. In the first fayphificant changes in protein patterns within the uterine
patients, each uterine secretion sample was obtained at d@retions in these patients. We may therefore deduce that
after LH peak in a non-treated control cycle. The followingy,e b oteins under investigation can serve as markers for

cycle served as the treatment Cycle, when 200 "ibtle changes of endometrial function, and which may in

m|fepr_|stone was given at d"%y LH +2, and again the uteri ct prevent normal receptivity. An alternative approach to
secretion sample was obtained at day LH +6. The mo

o , o this post-ovulatory contraception is to administer
striking changes following mifepristone treatment occurre rogesterone antaconists during the whole cvcle. either
among the histone bands in group C of the USE pattern.l? 9 9 9 ycle,

two patients, there were significant reductions of the HZR%”y or oncg weekly. This strat_e gy had emerged from
and H3 peaks, whereas the peak in the position of H2B wRdmate studies, where pregnancies were totally abolished
only partly reduced compared with the control. SoméIShwadef[ a_l, 19,93; Chwaliszt al, 1995; .Katkam;et al,
additional protein bands of group A and group B appearé'og%)' Within this context, an extremely interesting report

markedly changed after progesterone antagonist applicatbA™m Katkam et al (1995) showed how low-dose
(Figure 8). Detailed information will be available only afteronapristone treatment (2.5 mg or 5.0 mg every third day)

more patients have been investigated. Two of the fodfr four to seven consecutive cycles prevented pregnancy
patients with a history of abnormal cycles showed without disturbing the menstrual cycle and without
relatively weak response to mifepristone, beginning with ahibiting ovulation in the majority of cycles. However,
unusually extended control cycle; consequently, mor@novulation and luteal insufficiency occurred in some
individuals must be included in this study. Howeveranimals during prolonged treatment. The contraceptive
preliminary evidence already shows thateffect in the ovulatory cycles seems primarily related to the
progesterone-dependent events in the luteal phase of tie¢ardation of endometrial development, resulting in the
human cycle can be altered significantly by progesteroniehibition of endometrial receptivity.

Table I. Proteins of human uterine secretion: identification by isolation, sequencing, Western Blot and enzyme-linked immuno-
sorbent assay (ELISA)

Protein Molecular No. ofamino  SDS-PAGE Origin and function
weight (Da) acid residues  localization of the protein

Uteroglobin (monomer) 7913 70 6.5 kDa Secretory protein (identical with Clara-cell protein CC
16)(Beier, 1982; Akoi et al., 1996)

a-Globin 15000 141 12.0 kDa Haemoglobin a-chain, serum protein

Histone H4 11236 102 12.0 kDa Cellular protein, basic nuclear protein

3-Globin 16000 146 12.5 kDa Haemoglobin -chain, serum protein

Histone H2A 13960 129 13.0 kDa Cellular protein, basic nuclear protein

Histone H2B 13775 125 15.0 kDa Cellular protein, basic nuclear protein

Transthyretin (one subunit of 13745 147 15.0 kDa Serum protein, hormone binding protein (synonymous with

homotetramer) prealbumin)

Histone H3 15273 135 16.0 kDa Cellular protein, basic nuclear protein

Haptoglobin 1 (a-chain dimer) 17686 166 17.0 kDa Serum protein, haemoglobin binding protein

Cyclophilin A 17881 164 17.0 kDa Cellular protein, protein folding enzyme
(peptidyl-prolyl-cis/trans-isomerase)

Glycodelin A 20624 180 26.0 kDa Secretory protein of endometrial glands (synonymous with
PP 14) (Huhtala et al., 1987)

IGF-BP1 27903 259 28.0/56.0 kDa Protein of fibroblasts (predecidual and decidual cells)

(synonymous with PP12) (Koistenen et al., 1986)
Albumin 66290 585 66.0 kDa Serum protein, hormone binding protein
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Figure 7. Laser densitometric assessment of human uterine secreigure 8. Laser densitometric assessment of human uterine secre-
tion electrophoretic (USE) samples from the early luteal phase (daytion electrophoretic (USE) samples from day 6 after luteinizing hor-
2 after luteinizing hormone peak). This figure demonstrates four mone (LH) peak. Treatment with the progesterone antagonist, mife-
USE resolutions within segments of the molecular weight ranges pristone (RU 486, 200 mg) was performed at day 2 after the LH peak.
from 45.0 to 6.5 kDa. The samples express the typical adequate luThe control sample was assessed equally after collection of the USE
teal phase patterns within the cycle of conception. Each patient expesample at day 6 after the LH peak of the preceding non-treated con-
rienced a normal clinical pregnancy which began in this cycle. SDS—trol cycle. Significant changes appear in the histone bands H2A,
PAGE was performed in a polyacrylamide gel gradient of H2B and H3. Further changes can be recognized in higher molecular
8.3-16.6%. Laser densitometry was performed using a helium-neonyeight ranges. SDS—PAGE was performed in a high-density gel
laser at 633 nm. Histones H2A, H2B and H3, andndB-globins (15% polyacrylamide). A segment of the laser densitometric scan is
are indicated. shown between 40.0 and 6.5 kDa.

Based on several detailed studies in animal models (Beiprpgesterone antagonists, but with clearly different actions at
1986; Hegele-Hartung and Beier, 1986; Niematmal, the molecular level. Unlike mifepristone, onapristone does
1987), it has become evident that numerous cellular amat induce stable receptor dimers and inhibits the binding of
molecular steps of endometrial transformation weréhe hormone-hormone receptor complex at the
inhibited or delayed when progesterone was cut off from itsormone-responsive element of the DNA. This results in
normal triggering and regulation of luteal phase events. Thilifferent pharmacodynamics, the half-life of onapristone
inhibition of normal endometrial transformation and luteabeing only 2—3 h compared with 24-48 h for mifepristone.
function prevented the establishment of pregnancy. The assessment of USE by laser densitometry reveals

We have also investigated endometrial secretory proteingarked changes in luteal phase patterns (obtained around
in one of the first clinical studies on continuous low-doselay 5 after the LH peak) as compared with controls of the
progesterone antagonist treatment to achieve endometsaime patients and under the same clinical study conditions.
contraception. In this study, onapristone was administerécbnsiderable reductions occurred in several protein peaks,
either daily (1, 3 or 10 mg) or once weekly (10, 30 omost obviously among the low-molecular weight proteins
100 mg). Onapristone and mifepristone are both selectiygroup C of the USE pattern). Within the 30 patients of each
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treatment group (daily and once weekly), two typicalf — = suriarmmSEmga: SeiSeAn iy e e e iavesag
response categories were identified, one exhibiting "™
pronounced reductions of particular peaks of the pattern, and
the other showing a general quantitative diminution of
distinct parts of the pattern. Nevertheless, the results of
changes in the uterine protein patterns have demonstrated
that endometrial function under continuous onapristone
administration is significantly impaired (Figure 9). This
preliminary observation is strikingly in accord with a |
recently published investigation by Gemzell-Danielsson
et al (1996) who used mifepristone at low weekly doses (2.5
and 5 mg/week). In summary, there are definite beneficial
effects of low-dose applications of progesterone antagonists ,
on endometrial function, in particular the delay of cellular Tream}en{
and tissue transformation and inhibition of secretory activity gy
This treatment does not inhibit ovulation, so whether such |
effects will prove to be sufficient to prevent pregnancy undef
the daily circumstances of life awaits further clinical studieg
in unprotected cycles.

Finally, a comparative aspect of the rabbit preimplantation
model must be recalled in which a single uterine protein
alone has never been used successfully as a marker |@futrol
receptivity. Several components, forming a pattern, have
always provided the most reliable information on the
diagnosis of receptivity (Beier, 1982, 1986; Hegele-Hartunimgg
and Beier, 1986; Hegele-Hartungal, 1992).

Based on our research in animal models, we now rely ofigure 9. Laser densitometric assessment of human uterine secre-
techniques that permit protein analyses of the humation electrophoretic (USE) samples from day 5 after luteinizing hor-
uterine milieu to be achieved because this is the site whef@Pne (LH) peak. Treatment with the progesterone antagonist, ona-

attachment and implantation begin. Only by biOChemicaPriStone (ZK 98.299, 10 mg daily) was performed throughout the
’ whole cycle. The control sample was assessed equally after collec-

analyse_s of uterine proteins have we been able to diagnoge of the USE sample at day 5 after the LH peak of the preceding
and define the numerous changes in the endocrine systepan-treated control cycle. Significant changes appear in the histone

For instance, the phenomenon of delayed secretion in thh@nds H2A, H2B and H3. Further changes can be recognized in

rabbit, initiated by postcoital injection of oestrogens,higher molecular weight ranges. SDS-PAGE was performed in a

showed that the assessment of protein patterns in uterig%'y""cry'""m'de gel gradient of 8.3-16.6%. A segment of the laser
. . . o ensitometric scan is shown between 45.0 and 6.5 kDa.

secretion was areliable tool (Beier, 1974; Beier and Mootz,

1979). Indeed, this tool has now made it possible to predict

the cc_)rrect time when implantation will be successfugygdeman (Stockholm) and Max Elstein (Manchester).
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