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Monoclonal Antibody to a Human Germ Cell Membrane 
Glycoprotein That Inhibits Fertilization 

Abstract. A monoclonal antibody to an antigen in the human germ cell membrane 
did not agglutinate or immobilize sperm but inhibited binding and penetration of 
zona-free hamster ova by human sperm and blocked murine fertilization in vitro. The 
antibody, of the 2a subclass of immunoglobulin G, was germ cell-specific but not 
species-specific. It recognized a single antigen of 23 kilodaltons that has been 
isolated from human germ cells. This fertilization antigen, located on the postacro- 
some, midpiece, and tail of human sperm, is a glycoprotein of testicular origin 
associated with some types of human involuntary immunoinfertility. 

Immunization of male or female ani- 
mals of different species with homoge- 
nates of mature sperm, testis, or their 
extracts results in infertility (I). Antige- 
nicity of sperm has also been implicated 
in involuntary infertility in human beings 
(2) and is the cause of continued infertil- 
ity after vasovasostomy (3). However, 
use of whole sperm and testis homoge- 
nates is not appropriate for immuniza- 
tion since (i) many antigens of the germ 
cells are likely to be shared with other 
somatic tissues (4, 5) and (ii) immuniza- 
tion could result in undesirable immune 
complexes. Other germ cell-specific 
antigens do cause a reduction, although 
not a complete block, of fertility. Lactate 
dehydrogenase C4 reduced fertility in 
mice, rabbits, and baboons (6), and anti- 
serum to a rabbit sperm 13-kilodalton 
(kD) autoantigen inhibited fertility in fe- 
male rabbits (7).The advent of hybrido- 
ma technology has made it possible to 
identify and purify sperm-specific anti- 

gens (8, 9) that are involved in fertility 
and infertility. 

In our study, BALBIc mice were im- 
munized intraperitoneally with lo6 
sperm (washed ejaculated or epididymal 
human sperm) in Freund's complete ad- 
juvant. Hybridomas were prepared by 
fusion of the mouse myeloma line P3- 
NS111-Ag4-1 (10) with spleen cells from 
mice with high antibody titers to sperm. 
The hybridomas secreting these antibod- 
ies were selected and cloned. The pre- 
liminary screening was performed by an 
indirect enzyme-linked immunosorbent 
assay (ELISA) with whole washed hu- 
man sperm or a membrane preparation 
solubilized with LIS (0.3M lithium di- 
iodosalicylate) (11). Positive clones 
(reading higher than 2 standard devi- 
ations above the mean for controls) were 
selected and recloned, and lo7 hybrid 
cells were injected into BALBIc mice 
previously treated with pristane to gen- 
erate ascites fluid. 

and D. G. Stein, EG. Neurol. 73,507 (1981)l. 
17. S. L. Chorover and C. G. Gross, Science 141, Fig. 1. Location of the FA-I antigen by indirect immunofluorescence on (a) human sperm that 826 (1%3); R. Hannon and A. Bader, Physiol. 

Beha,,. 13, 513 (1974); R. J. Kirkby, ibid. 4, 451 have been reduced (swollen), (b) a methanol-fixed spermatozoon, and (c) a capacitated 
(1969): M. Schultze and D. G. Stein, ~ m .  Spematozoon. The MA-24 clone reacted with the postacrosomal, tail, and (to a limited extent) 
~ e u r o l .  46, 291 (1975). midpiece,regions of the sperm ( X  1100). 
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Of 40 putative clones secreting anti- 
bodies to sperm, one (MA-24) was se- 
lected for detailed analysis. The MA-24 
clone was determined to be of the 2a 
subclass of immunoglobulin G (IgG2,) by 
the agar-gel double diffusion technique 
(12). This clone was negative in the ag- 
glutination (13) and immobilization as- 
says (14), two methods that we used to 
test for antibodies to sperm in serum of 
humans with involuntary infertility. MA- 
24 was germ cell-specific and did not 
bind to lymphocytes, erythrocytes, fi- 
broblasts, lymphoblastoid cells, K562 
leukemia cells, or other somatic cells by 
indirect immunofluorescence (IIF) (8). 
The results of IIF were further checked 
in the absorption assay (8) and in a test of 
residual activity in the ELISA after the 
antibodies had been incubated with vari- 
ous somatic tissues (15). In all of these 
and subsequent studies, both the super- 
natant from myeloma cell cultures and 
ascites fluids obtained from rats injected 
with other hybridoma clones were used 
as controls. 

The MA-24 clone showed binding to 
the postacrosome, midpiece, and tail of 
viable and methanol-fixed human sper- 
matozoa (Fig. 1) by IIF. It showed the 
same binding pattern with capacitated, 
noncapacitated, and reduced (swollen- 
head) sperm treated with dithiothreitol 
and Triton X-100 (16). It also reacted 
with murine epididymal sperm and ejac- 
ulated rhesus monkey sperm. It did not 
react with seminal plasma from vasecto- 
mized humans. In the Western blot en- 
zyme immunobinding assay (17), the 
MA-24 clone reacted with a single 23-kD 
protein band when a detergent-solubil- 
ized membrane preparation of human 
testis was used (Fig. 2, lane c). Thus, 
MA-24 was specifically directed to an 
intrinsic membrane protein of sperm and 
not to one adsorbed onto the sperm 
surface from accessory gland fluids. 

The tissue-specific but not species- 
specific MA-24 antibody to the 23-kD 
protein completely blocked binding and 
penetration of zona-free hamster ova by 
human sperm (Table 1). MA-24 also sig- 
nificantly inhibited fertilization in vitro 
of mouse eggs by murine sperm (Table 
2). 

The antigen (FA-1) to which the MA- 
24 antibody is directed has been isolated 
from both human ejaculated sperm and 
testis by immunoaftinity chromatogra- 
phy (9). Freshly isolated FA-1 (before 
freezing) binds to lectin concanavalin A 
and shows a single band of 23 kD during 
polyacrylamide slab gel electrophoresis 
(18) when stained with Coomassie blue 
as well as with an ultrasensitive silver 
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Table 1. Effects of monoclonal antibodies on the interactions between human sperm and zona- 
free hamster ova. Superovulation was induced in female hamsters (21), and mature unfertilized 
ova were collected and separated from the surrounding cumulus cells by incubation in 0.1 
percent hyaluronidase and from the zona pellucida by treatment with 0.1 percent trypsin. 
Semen collected from a healthy human male was incubated for 30 minutes at 37"C, washed three 
times, adjusted in BWW medium (22) to 10' sperm per milliliter, and incubated overnight at 
37°C. Ascites fluid from different mice containing monoclonal antibody or control ascites fluid 
was added to sperm for 15 minutes. Subsequently, 30 ova were added to 100 p1 of the sperm 
preparation and incubated under mineral oil at 37OC in a C02  incubator. Ovum penetration was 
assessed at 3 hours by phase microscopy. The end point was defined as swollen sperm head 
with a tail discernible within the cytoplasm of the ovum. 

Ova Sper- Postin- 

Assays matozoa ex- cubation Ova 
Hybridoma 

(No.) 
bound amined per ova sperm penetration 

(No.) 
motility (%I 

(No.) (%I 

Control ascites 2 34 20 55 88 (30 of 34) 
MA-24 2 33 0 56 0 (00f 33) 
Myeloma ascites 5 60 15 52 53 (32 of 60) 

I 
i 

.$ 1 i 
3 

-2 
Control Infertile Vasovasostomlred 
( n = 1 0 )  ( n = 1 5 )  ( n = 5 )  

Fig. 2 (left). Sodium dodecyl sulfate 
polyacrylamide slab gel (10 percent) electro- 

I phoresis of FA-1 isolated with the use of an 
immunoglobulin G-Sepharose 4B immunoaf- 
finity column. The preparation of human tes- 
tis was solubilized with detergent [IS mM 
sodium deoxycholate in O.05M tris-HCI buffer 
(pH 8.0) containing 1 mM phenylmethylsul- 
fonyl fluoride and 5 mM soybean trypsin 
inhibitor]. The solution was then passed 
through a lectin concanavalin A-Sepharose 
4B column (Sigma). The fraction enriched in 
glycoprotein (lane a) was incubated with the 

+ 23 kD immunosorbent affinity column prepared by 
coupling IgG [isolated from the MA-24 super- 
natant or ascites fluid by stepwise sodium 
sulfate precipitation (25)l to Sepharose-4B 
activated by CNBr. After washing the column 
with buffer (pH 8), the bound proteins were 

.t subsequently eluted at pH 10 and 11.4 (9). The 
freshly isolated (not frozen) fraction (lane b) 
eluted at pH 11.4 shows a single band of 23 kD 
on staining with silver stain (26). The molecu- 

a b c lar identity of the antigen was confirmed by 
Western blot enzyme immunobinding proce- 

dure (9, 17) with the detergent-solubilized human testis preparation. MA-24 reacted with a 
single protein band of the same molecular identity (lane c). Fig. 3 (right). Reaction of FA-1 
with sera from infertile and vasovasostomized patients having sperm antibodies by LIS-ELISA. 
Approximately 5 pg of FA-I were diluted in carbonate buffer (0. IM, pH 9.6) and left overnight. 
The antigen-coated trays were incubated for 2 hours at 37OC with sera from normal, infertile, 
and vasovasostomized patients (diluted 1:20 in 4 percent polyethylene glycol 6000 in Tween 
buffer), washed, and incubated for 1 hour at room temperature with P-D-galactosidase protein A 
conjugate (1 : 500 in Tween buffer). The trays were washed again, the wells were incubated with 
a solution of p-nitrophenyl-P-D-galactopyranoside in buffer (1 mglml in 10 mM tris, 1 mM 
MgCI,, and 10 mM NaCI) at 37'C for 30 minutes, and the absorbance was determined at 405 nm. 
To compare the results, we changed optical readings to units of standard deviation on the basis 
of the absorbance in controls. The serum of some infertile patients showed a strong reaction 
with FA-1. 
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Table 2. Effects of MA-24 monoclonal antibody on fertilization in vitro in mice 6 to 8 weeks of 
age (23). Ovulation was induced with 5 U of pregnant mare serum administered interperitoneal- 
ly. After 48 hours, 5 U of human chorionic gonadotropin was administered peritoneally. One 
cauda epididymis was removed from a male mouse, snipped, and placed in 0.5 ml of Toyoda's 
medium under oil (24). After 10 to 15 minutes sperm were collected, and a portion (4 X lo3 
sperm) was added to a fertilization dish containing, under oil, 180 p1 of Toyoda's medium and 20 
p1 of ascites fluid with monoclonal antibody or control ascites from different mice. Eggs in 
cumulus mass were collected from the oviduct and added to the fertilization dish. After 6 to 8 
hours, the cumulus cells were removed with hyaluronidase; the eggs were then fixed in 1 
percent paraformaldehyde at 4"C, stained with 0.25 percent lacmoid in 45 percent acetic acid, 
destained with 20 percent acetic acid plus 20 percent glycerol, and mounted. Eggs were 
considered fertilized if two of the following criteria were met: (i) two pronuclei were present, (ii) 
sperm tail was present in the cytoplasm, or (iii) the second polar body with condensed 
chromatin was present. The cumulus mass was removed with hyaluronidase (300 Uiml) before 
fertilization to determine whether the site of inhibition was at the interaction of sperm and 
cumulus. The zona pellucida was removed with acidified Tyrode's (24) before fertilization to 
determine whether the site of inhibition was at the interaction of sperm and zona pellucida. 

Hybridoma 
Ova Ova 

Assays ferti- Fertili- 

(No.) 
examined lized zation rate 

(No.) (No.) (%I* 

Control ascites 4 113 69 611 
MA-24 10 415 6 1 15i 
Medium control 9 320 223 704 

*Significance tested by chi-squared analysis. tNot significantly different. i P  < 0.001; purified IgG 
(-15 kg) showed a complete block of fertilization (0 percent). 5P < 0.001. 

stain (Fig. 2, lane b). This glycoprotein 
was stained by periodic acid-Schiff rea- 
gent and was stable at room temperature 
(-22°C) for at least 4 days. The FA-1 
isolated from human sperm is identical to 
that isolated from testis, although the 
concentration of antigen was greater in 
the testis where it constituted approxi- 
mately 5 percent of the membrane pro- 
tein solubilized with sodium deoxycho- 
late. 

Preliminary data implicated FA- 1 in 
human involuntary immunoinfertility. 
Sera from infertile patients with immu- 
nologic involvement showed a strong 
binding to the purified antigen in the 
ELISA (Fig. 3). The binding pattern was 
comparable to that seen with the LIS 
extract of human sperm (II), a soluble 
preparation reported to contain surface 
antigens acting in fertilization (19). This 
finding also indicates indirectly that the 
FA-1 antigen is immunogenic in humans. 

The mechanism or mechanisms by 
which MA-24 inhibits fertilization are 
not clear. Since both binding and pene- 
tration are inhibited in fertilization sys- 
tems in vitro, these antibodies may hin- 
der interactions between sperm and 

ovum or receptor recognition; the block 
is not due to agglutination or immobiliza- 
tion of sperm. MA-24 did not bind to 
ova, which shows the sperm specificity 
of the antibody. In the murine fertiliza- 
tion assay performed in vitro, MA-24 
inhibited fertilization only in ova with 
intact zonae and not when zonae were 
removed, indicating that the inhibition 
occurs during the interaction between 
sperm and zona. However, in the hetero- 
gametic assay, MA-24 completely 
blocked binding and penetration of hu- 
man sperm in zona-free hamster ova, an 
assay that has been reported to measure 
capacitation indirectly (20). These anti- 
bodies may be directed to a sperm com- 
ponent (enzymatic or nonenzymatic) 
that is vital for capacitation. 
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