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Rapid steroid efTects, reported inseveral cell types, hitve pointed out the possibility of non-genomic mechanisms of uction, presumably an cell surface

teceptors, Here we unalyzed the effects of untibedy-mediuted nggregation of a novel type of progesterane receptor on the plasma membrane of

human sperm cells. We report thut aggregition of hormone-receptor complexes induces Cu™ influx and 4 Ca™-dependent exocytotic event in this

system, These dutu suggest u possible mechuanizm for rapid steroid-induced events. Further resenrch is warranted to exumine if u similar meehanism
is involved in rapld stereid effects in other cell types.

Progesterone receptor aggregution: Plasmu membrane; Calelum inflox: Acroxome reuction: Sperm; Human

1. INTRODUCTION

Steroid hormone action in most cellular systems stud-
ied so far involves hormone entry into the cell and bind-
ing to nuclear receptors with subsequent modulation of
transeription, however, rapid steroid effects previously
reported in several cell types, e.y. ocoeytes [1.2]. hepato-
cytes [3}, neurons [4), and spermatozoa [5-7]. are hardly
compatible with this classical scheme. Recent studies
using human sperm cells as a model [8-10] have sug-
gested that steroids can produce rupid cellular effects by
acting at a novel type of steroid receptors on the plasma
membrane, however, no explanation of the mechanism
of function of this kind of receptor hus vet been pro-
posed.

One of the frequent mechunisiis Ly which cell surface
receptors transduce ligand-generated signals across the
plasma membrane is receptor aggregation. We thus for-
mulated a hypothesis that an aggregation mechanism is
also instrumental in the coupling of steroid receptors on
the cell surface 1c intracellular effectors of hormonc
action. In this study we tesced this hypothesis by exam-
ining if a rapid Ca®" influx followed by acrosomal ex-
acytosis, phenomena previously described to occur in
human spermatozea in response to progesterone {5-7]
or to its protein conjugates [8.10], cun be induced by
antibody-generated aggrepation of hormone-receptor
complexes on the cell surface,
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2. MATERIALS AND METHODS

2.1, Sty chsign

To study the effect of receptor aggregition on progesterone-induced
Ca® infLix. we louded xperin cells with 4 fluorescent indicator of free
eytosolic Ca™ ((Ca™"L). and exposed them, sequentially, to progester-
one und 4 monoclonal antibady recognizing both free and protein-
conjuguted progesterone {11}, This antibody was used cither intact or
ufter enzymatic digestion to produce monovalent Fub frugments. In
the latter cuse. anti-mouse Ig¢i antiserum followed the incomplete
anti-progesterone aatibody to cross-link the ltugments. Changes in
(Ca**], were recorded after individual udditions,

To study the effeet of receptor uggregation on the acrosomal exocy-
tosis, sperm cells were treated us above, fallowed by evaluution of the
ucrosome reuction frequency using a fluorochrome-lubelled acro-
somal marker.

2.2, Saurce il preperation of spermatozan

Sperm samples were abtained from 15 healthy donors with normal
spermiogramn parameters. Spermatozoi were cipacitated in vitro us
deseribed previously [12]. Briefly, spennatozea were wushed from the
seminal plasma in PBS followed by incubution for 3 h at 37°C in B2
eulture medium (Bio Mérieux, Marcy I'Etoile, Fiunce) equilibrated
with 3% curbon dioxide in air. These sperm suspensions were then
used in individual experiments.

2.3, Mceaswrement of [Ca™ ),

Sperm cells (5-10 x 10*mi) were incubated for 45 min at 37°C in
B2 medium contuining 4 #M indo 1-AM (indo: Sigma. Lu Verpilliere,
France). After washing in FM3B buffer [13], the cells were resus-
pended in the sume buffer and analyzed ina Perkin-Elmer LS-5 lumi-
nescence spectrometer, The cells (1.5 x 10* in 1.5 mi buffer) were
excited at 331 nm and emission was monitored at 410 nm. Aliquots
ol ugents (5-18 1) were added ut different times (see Results), At the
end of cach measurement, cells were lysed with 0.05% Triton followed
by chelating Ca** ions with 25 mM EGTA, ind the corresponding
values of emitted fluorescensce were used, respectively, as £, and £,
to estimate [Cu®7),. ux desaribed by Grynkiewicz et al. [14).
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24, Preparation of ami-pragesterene monoclonal wiiibody

Prog 53 monoclonul antibody [} 1] wus purified from ascite {luid by
cuprylic acid precipitation; the IgG (raction wus isoluted by ubsorp-
tion on protein-A Sephurose (Sigma). The same treatment wus used
19 purify non-relevant mouse 1gG, Fub frugments of Prog 53 untibody
were prepared us deseribed [15) using imm.obilized pupain (Sigma)
followed by scparution of Fab trugments from Fe and undigested [gG
molecules on Protein-A Sepharose (Sigma). The purily of the prepura-
tion was checked by SDS-PAGE [16].

2.5, Cytochemical visuglization of antibody binding 1o speriv

The binding of intact Prog §3 und its Fab {raginents (o progester-
one-trented sperm, and the absence of binding to sperm not exposed
to steroids or to those exposed to |7f-cstradiol, were checked by
indirect immunofluorescence. [n these experimernts sperm were firs
Lucubated {15 min, 37°C) with steroid (3.2 4M progesterone or 3.7uM
1 78-estradiol), washed in PBS and incubited for an additional {5 min
with the antibody (300 223/ml) under the same conditions. After further
washing sperm were exposed (30 min, 4°C) to and-mouse I3G conju-
gated with fluorescein isothiocyanute (FITC) (Sigma). smedred on
micrascope slides and examined by epifluorescence microscopy. The
sterold was replaced with dimethylsulfoxide (DMSO) alone (the sol-
vent for progesterone and 178-estradiol) in cantral incubations. Some
sinears were counterstiined with unconjugated tetramethylrhodamine
isothiocyanate (TRITC) 112] to provide puired views showing sperm
cell morphology.

1.6, Evaleation of the acrosome reuction

The percentage of living acrosome-reacted spermitozoa was deter-
mined by fluorescence microscopy after double Nuorescent staining
with {luorescein-lubeled Pisian sativum agglutinin and Hoechst 33258
(17]. Both reagents were purchased from Sigmu. Two hundred sperma-
tozon were eviluated in each replicute of individual experiments.

2.1. Stutisiics

Statistical analysis was performed using StutYiew I (Abacus Con.
cepts, Berkeley, Culifornia, USA) stutistical package. Percentages of
ucrosome-reacted spermatozon in different treaiment groups were
compured, ufter arcsine transformation, by Dunnett's s-test for multi-
ple comparisons.

3. RESULTS AND DISCUSSION

As a prelude to this study, emission spectra (from 360
lu 52C nm) of indo only and of indo mixed with proges-
terone and Prog 53 antibody. at the same concentra-
tions as used in ccil suspensions, were analyscd, Neither
progesterone nor Prog 53 nor both together produced
any deteclable distortion of the spectea.

The addition of intact bivalent Prog 53 antibody to
sperm previously exposed to different concentrations of
progesterone resulted in a rapid increase in [Ca®'],
which followed that provcked by the hormone alone
(Fig. 1A,B,C). This antibody-generated increment was
dependent on the concentration of previously added
progesterone (Fig. 1A,B,C). Moreover, Prog 53 anti-
body produced an increase in [Ca?"); following the treat-
ment with a sub-threshold progesterone concentration
(3.2 nM) which did not produce any detectable effect by
itself (Fig. 1D). No response to Prog 53 was observed
following the addition of 178-estradiol instead of pro-
gesterone (Fig. 1E), and [Ca¥], was not affected by
exposure of progesterone-treated sperm to non-relevant
1gG (Fig. 1F). When progesterone (3.2 M) was mixed
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Fig. 1. Lftects of Prog §3 anti-progesterone monoclonul antibody on
{Ca®], in humun sperm measured wsing indo. The first addition was
progesterane (P)ut concentrutions of 3.2uM (punel A), 320 aM (pancl
B). 32 nM (panels C.F) and 3.2 nM (puncl D). or 178-estradiol (E;)
ataconcentration of 37 aM (panel E). This wus followed, sequentially,
by 300 ug/m! Prog 53 antibody (unti-) (punels A-E) or the same
conceniration of non-relevuat mouse IgG (NRXF), and 10 4uM iono-
mycin (leno) (punels A=F). Results of u single experiment are pre-
sented which are representative of {our independent determinations.

with Prog 53 antibody (300 ug/ml) before the addition
to sperm., or when the antibody was added first followed
by progesterone, no effects on [Ca®*); were detected. The
effect of Prog 53 on [Ca®), was entirely due to extracel-
lular Ca® influx, and not to intracellular Ca** mobiliza-
tion, since it was completely abolished by chelating ex-
tracellular Ca®* with $ mM EGTA (data not shown).

When monovalent Fab fragments of Prog 53 anti-
body were used instead of the intact bivalent antibody,
no increase in [Ca**); followed immediately the antibody
addition, but it did occur after subsequent addition of
anti-mouse 1gG antiserum (Fig. 2B). This antiserum
had no effect when added afler intact Prog 53 (Fig. 2A).
probably because all competent cells had already re-
sponded to the previous treatments. When added to
sperm suspensions that had not undergone any previous
antibody treatment, anti-mouse I1gG antiserum did not
produce any measurable change in [Ca],

The reaction of intact Prog 53 and its Fab fragments
with sperm-bound progesterone was confirmed by im-
munocytochemistry. When added to progesterone-
treated sperm, the antibody selectively bound the equa-
torial acrosoinal region of some sperm (Fig. 3.). No
antibody binding was observed when sperm had not
been pretreated with progesterone.

To evaluate the physiclogical significance of the Ca®*
influx induced by progesterone receptor aggregation,
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Fig. 2. Compatrixon of the efTects of intact bivalent Prog 53 antibody
and its monovalent Fab fragments on (Ca®), in human speem meas-
ured using indo. The firmt addition of 320 nM progesterons (P) was
followed by either complete Prog 53 untibody (anti-Pe) (panct A) or
its monovalent Fab fragments (anti-Pm) {panet B). both at a concen.
trution of 200 ugZm!. Sheep unliserum to mouse [gG (Sigmau) followad
as a third nddition (anti-I3G) in both cases. It was added at a concen-
tration of SO gwml.

we treated sperm cells with a sub-threshold concentra-
tion of progesterone (see Fig. 1D) and examined the
effect of the subsequent antibody addition on the acre-
somal exocytosis (Fig. 4). The data abtained show that
bivalent Prog 53 antibody. but not its monovalent Fab
fragments, significantly increase the percentage of acro-
some-reacted sperm when added after progesterone
treatment.

The results described in this study suggest that antis
body-mediated aggregation of progesteronc-receptor
complexes on the sperm surface elicit a rapid Ca** in-
flux. In human follicular fluid, which is a physiological
inducer of the acrosomal exacytosis (18], progesterone
is non-covalently bound to a protein to form a complex
of 50 kDa [5]. Thus, the protein backbone of this com-
plex may help to aggregate sperm surface components
recognized by pregesterone. On the other hand, free
progesterone is also capable of inducing Ca®* influx in
human sperm ([5-7), this study). It is possible that free
progesterone added to sperm suspensions forms com-
plexes with proteins in the incubation medium, which
may mimic the action of the natural steroid-protein
complex found in the follicular fluid. It should be noted
that direct progesterone effects on human sperm require
relatively high hormone concentrations. In this respect,
the observation of an antibody-induced Ca®* influx fol-
lowing treatment with sub-threshold progesterone con-
centrations is a strong piece of evideiice in favour of the
receptor aggregation hypothesis,
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Fig. 3. Cytochemical demonstration of intact Prog §3 antibody bind-
ing (visualized by FITC-labelled anti-mouse [gG) to sperm pre-incu-
bated with progesterone (upper panel) and a paired view showing the
morphology of the xame sperm celfs countarstained with uncanjuguted
TRITC (lower panel). Twa sperm cells show 4 hervy FITC fluores-
cence in the equatarial acrosomal region (arrows}. A similfar fluores-
cent paitern was oblained with Fub fragments of Prog 53 antibody.
Mugnification: x500.

The fact that such a relatively small molecule as pro-
gesterone can bind two macromolecules at the same
time, the presumptive progesterone receptor and the
anti-progesterone antibody, is somewhat surprising.
Nevertheless, the cytochemical visualization of sperm-
bound progesterone using Prog 53 antibody provides
additional evidence that these three elements can form
rather durable complexes. The observed confinement of
the antibody binding to the equatorial acrosomal region
of sperm cells may have been a sequela of a primary
progesterone binding to the whole acrosomal region
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Fig. 4. Efieet of Prog 53 monoclonal untibady on the ucrosomal
exacylosis, Capacitated sperm were incubited for 30 min with 3.2 oM
pragesterone (P) or with 3.7 nM 17g-estradiol (E2) or with DMSO
(solvent for bath steroids) ulone (eontral). In same treatment groups,
complete Prog 53 untibody (P + aP¢) ar its monavalent Fab {ragments
(P + aPm) ware added at 4 concentration of 300 ua/ml for the last 15
min to sperm incubated with progesterone, Complete Prog 53 anti-
body wax added, under the sume conditions, to sperm pretreated with
178-estradiol insiead of progesterone (E2 + aPe). Only pragesterone
followed by Prog 53 increused the percentage of acrosome-reacted
sperm abave control vilues (P < 0.001). Valuex dre meun = S.E.M.
for the number of replicates in purenthescs.

with subsequent loss of the plasma membrane overlying
the anterior part of the acrosome during the exocytatic
reaction. Alternatively, the plasma membrane may still
have been intact over the entire acrosome, at least in
some of these spermatozoa, but hormone-bound recep-
tors may have migrated to the equatorial region as a
result of aggregation, a phenomenon which may not be
dissimilar to “capping’ ef aggregated receptors on B
lymphoeytes [19]. Studies are under way in our laboia-
tory to decide which of the two mechanisms is actually
involved.

Qn the other hand, previous formation of progester-
one-antibody complexes (when both were pre-incu-
bated before addition to spern or when excess antibedy
was already present in sperm incubation medium before
progesterone addition) prevented the hormone effect. It
is possible that the reaction of progesterone with its
receptor activates other ¢lements in the plasma mem-
brane which stabilize the hormone-receptor complex so
as to endure the subsequent binding of the anti-proges-
terone antibody. The intzgration of the recepior in the
plasma membrane structure may also cause constraints
to the receptor interaction with antibody-bound proges-
terone while still allowing the recognition of receptor-
bound progesterare by the antibody. These aspucts of
progesterone inturaction with its. plasma membrane re-
ceptor are currently under investigation.

Previously published deta [9.10] have indicated that
the progesterone effect on human sperm is mediated by
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a true recenior and not merely by steroid interaction
with the lipid bilaver of the plusma membrane. The
present findings suggest that this ligand-receptor sys-
tem may transduce the ligand-generated signal across
the plasma membrune using a mechanism similar to that
employed by peptide hormones., such as epidermal
growth fuctor (20]. insulin {21], or insulin-like growth
factor I [22]. Receptor aggregation is instrumental in the
induction of the acrosomal exocytosis in mouse sperm
by a zona pellucida glycoprotein {23]. and antibody-
mediated crosslinking of cell surface antigens has been
reported to induce exocytosis in ram {24] und sea urchin
{25] sperm. This study is the first to suggest that a sim-
ilar mechanism can mediate the action of a steroid
hormone.

Steroids are complexed with proteins in many biclog-
ical systemns. If one protein molecule carries several mol-
ccules of steroid. the protein can bridge plasma mem-
brane receptors recognized specifically by the steroid
thus promoting aggregation which, in turn, will trigger
4 eascade of biochemicul events culminating in activa-
tion of intracellular effectors of hormone response. The
present findings warrunt further investigation into the
molecular identity of cell surfuce steroid receptors and
the mechanisms of cellular signalling downstream of
receptor aggregation. Since the sperm acrosome reace
tion is u key event in fertilization [26), these data may
be applied in reproductive medicine and contraception
research. If the receptor aggregation hypothesis is con-
firmed in other cell types showed rapid response to
steroids (¢.g. nerve cells, liver cells), new applications in
neurology, psychiatry, anaesthesiology and internal
medicine can be envisaged.
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