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ABSTRACT

An important question in mammalian gamete physiology concerns how capacitation and the

occurrence of acrosome reactions in motile sperm relate to fertility. Evaluation of these relation-
ships has been restricted by practical limitations because rapid, quantitative assays are unavailable.
We have developed a rapid, reproducible assay for the evaluation of acrosomal status utilizing
monoclonal antibodies specific to antigens localized in the acrosomal cap region of the sperm head.
Mice were immunized with human ejaculated sperm preparations and the resultant hybridomas
producing antisperm antibody were selected by solid-phase radioimmunoassay and indirect immu-
nofluorescence (IIF). Two monoclonal antibodies (HS-19, HS-21) recognized target antigens
restricted to the acrosomal cap by IIF, and 87 ± 8.5% of the sperm in fresh ejaculates from 10
different sperm donors showed positive cap fluorescence with these reagents. Loss of HS-21
binding as measured by IIF was correlated with disappearance of the acrosomal cap as observed
directly by transmission electron microscopy. Acrosomal disappearance, artificially induced in
vitro using the calcium ionophore A23187, also resulted in a loss of HS-21 binding. The induction
of acrosomal loss by ionophore was dependent upon extracellular calcium. The data presented
suggest that specific monoclonal antibodies can be used for the rapid evaluation of acrosomal
status in mammalian sperm.

INTRODUCTION

Capacitation and the occurrence of an

acrosome reaction in motile mammalian sperm

are absolute prerequisites to fertilization since

only capacitated sperm bind to the egg’s zona

pellucida and only motile acrosome-reacted

cells penetrate this acellular encasement and

undergo fusion with the egg (Yanagimachi,

1981). Capacitation per se is only poorly

understood, but probably involves the removal
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and/or alteration of sperm membrane compo-

nents in the anterior sperm head such that an

acrosome reaction can occur, i.e., the loss of

the outer acrosomal membrane and the over-

lying plasma membrane through membrane

fusion, vesiculation, and sloughing. Since a

precise definition of capacitation is unavailable,

this process is usually defined in operational

terms by in vitro bioassays that quantitate

sperm-egg binding, zona penetration, and/or

sperm-egg fusion. In humans, limitations

associated with the use of mature human

oocytes have resulted in assays measuring

penetration of zonae of nonviable human

ovarian oocytes (Overstreet and Hembree,

1976; Overstreet et al., 1980) or fusion with

the zona-free hamster egg (Yanagimachi et

al., 1976). These bioassays are cumbersome and

suffer from the disadvantage that the entire

sperm population is evaluated on the basis of

the performance of only those few cells that

actually undergo penetration or fusion.
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In capacitated sperm, loss of the acrosomal

cap during the acrosome reaction is a morpho-

logically distinct event that can be visualized

readily by light microscopy in those mam-

malian species with large acrosomes, such as the

guinea pig and the hamster (Yanagimachi,

1981). However, in many mammals, the human

included, the acrosome is small and available

staining techniques, including the use of labeled

lectins (Koehler, 1978; Talbot and Chacon,

1980), have not met with widespread applica-

tion. Monoclonal antibodies are recognized as

highly specific reagents ideally suited to the

detection of subcellular domains, and their

application to the dissection of the individual

events that comprise mammalian fertilization

has been described (Feuchter et al., 1981;

Myles et al., 1981; Beliv#{233}and Moss, 1983;

Moore and Hartman, 1984).

MATERIALS AND METHODS

Production of Monoclonal Antibodies

Monoclonal antibodies were produced by iinmuni-
zing a young adult BALB/cByJ female mouse (Jackson

Lab, Bar Harbor, ME) with human sperm obtained

from proven fertile males: 1-3 X 10’ washed sperm
were injected subcutaneously on Days 0, 26, 42, and
114 [antigen in complete Freund’s adjuvant, incom-
plete Freund’s adjuvant, Dulbecco’s phosphate-
buffered saline (PBS; Dulbecco and Vogt, 1954), and
PBS, respectivelyl. On Days 175, 176, and 177, 3 X

iO� sperm, harvested from whole semen in a swim-up
into an overlay of bovine serum albumin (BSA)

and washed in PBS, were injected intravenously in
PBS. Splenic lymphocytes were fused with the mouse
myeloma cell line SP2/0 [which does not produce
immunoglobulin (Ig) heavy or light chains (Shulman et
al., 1978)] on Day 178 by the method of Kennett
(1980). Antibody was produced in serum-free medium
(Muraleami et al., 1982). HS-21 antibody was affinity

purified on a protein A column according to Ey et al.
(1978), with binding at pH 8.0 and elution at pH 5.5.

indirect immunofluorescence

For all experiments in this study ejaculates were
obtained from healthy adult donors by self-masturba-
tion after 24-48 h of sexual abstinance, and allowed
to liquify at 37#{176}Cfor 0.5-1 h. All ejaculates displayed
densities of 20 million/ml or greater with at least 60%
normal morphology and at least 50% motile cells. Cells
were washed 3 times by centrifugation-resuspension
(700 X g for 7 mm) in PBS, fixed for 15-30 mm at
24#{176}Cin 1% paraformaldehyde in PBS (pH 7.4), and

washed twice with 0.2 M glycine to block free aide-
hydes (Koehler et al., 1980). For indirect immuno-

fluorescence sperm were air dried onto individual wells
defmed by Mylar tape on slides and washed 3-5
times with 0.01% NP-40/0.1% 2-mercaptoethanol/1%
BSA. Aliquots (5 Ml) of HS-21 antibody were added to
each well, and the slides were incubated at ambient

temperature for 1 h in a humidified chamber. Cells
were washed as above, and 5 �iI of second antibody
were added (fluorescein isothiocyanate-goat antimouse
IgG obtained as an affmity-purified product from
Kirkegaard and Perry, Gaithersburg, MD). Cells were
incubated for a further 1-2 h, washed as above,
mounted in glycerol containing 0.2 M n-propylgallate
(Giloh and Sedat, 1982), and examined under oil at
500X with a Leitz Dialux 20 microscope equipped
with epifluorescence optics. Cells demonstrating
uniform specific fluorescence restricted to the acro-
somal cap region of the sperm head were considered
positive (acrosome intact); cells with no detectable
specific fluorescence over the acrosomal cap region
were scored as negative (acrosome reacted).

lonophore induct ion of Acrosomal Loss

Ejaculated sperm were washed 3 times with BWW

medium (Biggers et al., 1971) containing 0.3% human
serum albumin (HSA). Cells were incubated for 3 h at
37#{176}Cunder capacitating conditions (BWW with 3.5%
HSA), washed, and then exposed to BWW containing
3.5% HSA/10 pM A23187 or BWW with 3.5% HSA
and dimethylsulfoxide (carrier for A23 187). To
determine the extracellular calcium ion dependancy in

ionophore-induced acrosomal loss, cells were washed 3

times with calcium-free BWW containing 0.3% HSA

and then incubated for 3 h in: 1) calcium-free BWW

containing 1.25 mM ethylene glycol-bis-(3-aminoethyl
ether) N,N,N’,N’-tetraacetic acid; or 2) BWW contain-
ing 1.7 mM, 3.4 mM, or 5.1 mM calcium chloride. All
incubation media contained 3.5% HSA. Following
incubation, ionophore A23187 was added to a final
concentration of 10 pM. Sperm were processed for
indirect immunofluorescence evaluation of acrosomal
status 3 h after ionophore addition.

Transmission Electron Microscopy

Three hours after ionophore addition, cells were

washed 3 times with PBS, fixed for 1 h at 4#{176}Cin 2.5%

glutaraldehyde in 0.1 M sodium cacodylate buffer
(NaCac) at pH 7.4, washed at 4#{176}Cin 0.1 M NaCac,
postfixed in 1% 0504 in 0.05 M NaCac, dehydrated in
a graded series of alcohols and acetone, and embedded
in Spurt’s resin. Thin sections were stained with lead
citrate and uranyl acetate, and examined with a JEOL
100C transmission electron microscope. Only sperm in
which the entire head could be viewed in a sagittal or
parasagittal plane were evaluated for acrosomal
status.

RESULTS

In the present study, of the 10 stable hy-

bridomas produced by immunization with

ejaculated human sperm that showed antisperm

antibody activity in a solid-phase radioimmu-

noassay using washed ejaculated sperm as the

antigen source (Wolf et al., 1983a), two

(HS-19 and HS-21) displayed target antigen

localization, by indirect immunofluorescence

(IIF) assay, to the anterior sperm head. The

secreted antibody class for both of these

antibodies, as determined by Ouchterlony
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double diffusion using class-specific antiimmu-

noglobulins, was IgG1 (Bionetics, Kensington,

MD). Antibody HS-21 was employed in most of

the experiments reported herein.

When examined by fluorescence microscopy

after exposure to HS-21 and fluorescein isothio-

cyanate-conjugated anti-IgG (heavy and light

chains), a high percentage (87 ± 8.5%; mean ±

SD) of sperm cells recovered from fresh semen

of 10 different donors displayed uniform and

bright fluorescence over the acrosome (Fig.

1A). Those sperm that were negative were

presumed to represent sperm with defective or

absent acrosomes. This characteristic acroso-

4

FIG. 1. A. Epifluorescence image of human ejaculated sperm. Freshly ejaculated sperm were washed, fixed
for 15-30 mm, and exposed to HS-21 monoclonal antibody. Following exposure to first antibody, cells were
washed, exposed to fluorescein isothiocyanate-conjugated goat antimouse lgG, washed, and examined by epi-
fluorescence microscopy. The arrow points to a sperm that is negative for acrosomal cap fluorescence. (X 3200)

B-D. Ultrastructure of human ejaculated sperm exposed to the calcium ionophore A23 187. Cells were incu-
bated and exposed to ionophore as indicated in Materials and Methods. Three types of cells were observed: B)
acrosome intact-complete retention of acrosomal contents with intact plasma and outer acrosomal membranes;
C) intermediate-vesiculated outer acrosomal membrane with retention of an intact plasma membrane; and D)
acrosome reacted-absence of both plasma and outer acrosomal membranes. (X 17,000-17,600)
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mal cap staining pattern was completely elimi-

nated when sperm were exposed to 0.04%

Triton X-100 for as little as 5 mm prior to

immunofluorescence staining, a treatment

known to result in quantitative acrosomal loss

in human sperm (Langlais et al., 1981). No

fluorescent staining was observed in the nega-

tive control, which was a supernatant from a

hybridoma producing the same subclass of

immunoglobulin but negative for antisperm

antibody activity.

To establish these monoclonal antibodies as

reagents suitable for use in the quantitation of

acrosomal status in human ejaculated sperm,

transmission electron microscopy (TEM) was

utilized for independent corroboration of IIF

observations. In some cases the calcium iono-

phore A23 187, which is known to induce

acrosome reactions in human sperm (Russell et

al., 1979; Jamil and White, 1981), was em-

ployed to increase the population of acrosome-

reacted cells. Following incubation under

capacitating conditions, sperm were exposed to

10 p.M ionophore in BWW medium (Biggers et

a!., 1971) containing 3.5% HSA. The motility

of sperm exposed to ionophore is dependent

upon time and the concentration of ionophore

and HSA (Byrd and Wolf, 1984a). In the

present instance, the percentage of motile cells

dropped to approximately 5.0% by 60 mm of

treatment. All sperm displaying an entire head

in either a sagittal or parasagittal plane were

evaluated for acrosomal status by TEM.

Three categories of sperm were distinguished

by TEM following exposure to ionophore: 1)

acrosome intact (Fig. 1B), 2) acrosome reacted

(Fig. 1D), and 3) an intermediate type in which

the outer acrosomal membrane vesiculated

with apparent retention of an intact plasma

membrane (Fig. 1C). This latter response,

which constituted a variable but small percent-

age of the cells examined, was scored as an

unreacted cell because the plasma membrane

remained intact. For the comparative experi-

ments, summarized in Fig. 2, fresh and in vitro

capacitated sperm from three different donors

were exposed to ionophore, to media contain-

ing only the carrier (dimethylsulfoxide), or to

media alone. The cells were then fixed and

processed independently for acrosomal status

evaluation by TEM or by hF assay with anti-

body HS-21. An excellent correlation (r=0.96)

was observed between the two approaches, and

it is concluded, therefore, that IIF with HS-21

allows the accurate quantitation of acrosomal

status.

In this experimental series, a small popula-

tion of cells was scored as reacted by IIF but

not by TEM. This discrepancy between IIF and

TEM scoring of acrosomal status was probably

due to the sensitivity of the HS-21-recog-

nized antigen to paraformaldehyde. In subse-

quent experiments, it was shown that, in

contrast to methanol fixation, paraformalde-

hyde exposure exceeding 15 min resulted in a

limited loss of antigenicity and HS-21 binding

that became severe (50%) upon prolonged

exposure to the fixative (24 h). In these studies,

all sperm were fixed prior to immunochemical

staining in the presence of 0.01% NP-40. This

nonionic detergent was included initially to

lower nonspecific antibody binding; however,

its ability to render cells permeable is recog-

nized. Although it is not our intent to define

the subcellular domain(s) of the target antigen

here, it is important to note that at least some

of the antigen is present on the cell surface, as

evidenced by the successful immunochemical

staining of living, motile sperm.
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FIG. 2. Evaluation of acrosomal status in human
ejaculated sperm by two independent methods. Sperm

(20-27 X 106 /ml) were washed and incubated under

capacitating conditions as described in Materials and
Methods. Cells were then incubated in BWW with

3.5% HSA, BWW with 3.5% HSA and 10pM A23 187,
or BWW with 3.5% I-ISA and dimethylsulfoxide
(carrier for A23187). After 3 h, sperm were indepen-
dently processed for either indirect immunofluores-

cence or transmission electron microscopy, for which
a minimum of 400 or 100 sperm were scored for each

point, respectively.
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FIG. 3. Extracellular calcium ion dependency in

calcium ionophore induction of the acrosome reac-
tion. Cells were washed and incubated in calcium-
free medium or in calcium-substituted medium before
exposure to 10 pM ionophore. All media contained
3.5% HSA. Sperm were processed for indirect immu-
nofluorescence evaluation of acrosomal status 3 h
after ionophore addition. lonophore-induced reac-
tions have been corrected in all cases by subtracting
the percentage of spontaneously reacted cells. The
symbols represent two different donors.

The acrosome reaction in all mammalian

sperm studied displays an absolute extracellular

calcium ion dependency (Yanagimachi, 1981).

Consistent with this tenet, chemical induction

of the reaction in human sperm did not occur

in calcium-free media but was maximal at 3-5

mM extracellular calcium (Fig. 3). A correlate

of the results presented in Fig. 3 is that the

sperm response to ionophore is donor depen-

dent. For comparative purposes, most culture

media for mammalian in vitro fertilization

including BWW contain 1-2 mM total calcium.

A description of the parameters influencing

chemical induction of acrosomal loss in human

sperm will be presented elsewhere (Byrd and

Wolf 1984b, manuscript in preparation).

DISCUSSION

The results presented demonstrate that

indirect immunofluorescence with specific

monoclonal antibodies provides an accurate

method for assessing acrosomal status in human

sperm. Loss of specific antibody binding as

measured by IIF was correlated with complete

acrosomal loss as quantitated by TEM. It is

recognized, of course, that target antigen loss

may actually precede complete acrosomal loss

depending upon the antigen’s subcellular

localization. Additionally, although considered

unlikely, the possibility exists that acrosomal

status evaluation by these techniques may

suffer from fixation artifacts. To distinguish

between acrosomal loss in dead or dying sperm

and physiologic acrosome reactions using this

approach, living motile sperm must be scored

directly or acrosome status evaluation on

fixed cells must be done in conjunction with

viability and objective motility determinations.

The former of these approaches can be accom-

plished readily by direct immunofluorescence

microscopy with fluorescein-conjugated mono-

clonal antibody given a sufficient population of

exposed cell surface antigen. Preliminary

biochemical characterization of the HS-2 1

recognized antigen supports the existence of a

minor pool of surface antigen amenable to

detection in the living cell (this study; Wolf and

Ochs, 1984). Recently, Kallajoki and Suominen

(1984) described an intracellular acrosomal

antigen of human sperm that may also be useful

as an acrosomal marker.

The relationship between acrosomal status

and fertility in man remains an open question.

Apparently spontaneous, physiologic reactions

do not occur with high frequency in capaci-

tated cells (Byrd and Wolf, 1984b) and at-

tempts to correlate acrosomal status in free-

swimming sperm with fertility status of hus-

bands participating in human in vitro fertiliza-

tion programs have been unsuccessful (Plachot

et a!., 1984). However, it is anticipated that the

ability to quantitate acrosomal status on large

numbers of cells or individually on living motile

sperm will find application in a clinical as well

as a research setting, because it is likely that a

subset of infertile human males can attribute

their reproductive deficit to inadequate or

subnormal acrosomal response. At present, we

are contrasting the ability of noncapacitated

and capacitated sperm to respond to ionophore

(A23 187) induction of acrosomal loss (Byrd

and Wolf, 1984b) with the intent of establish-

ing an assay for human sperm capacitation.
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