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Abstract

The presence of antiidiotypic antibodies (ab-2) to sperm was
investigated in the sera of fertile, infertile, and virgin women
using sperm-specific anti-FA-1 monoclonal antibody Fab'. ab-2
were detected in 71% (17 / 24) of sera from fertile women and in
none (0/12) of the sera from virgin females by the enzyme-
linked immunosorbent assay, Western blot procedure, and im-
munoprecipitation procedure. Sera from infertile women that
had antisperm antibodies showed a minimal presence of ab-2,
with only three sera (13%, 3/23) demonstrating the presence
of low levels of ab-2. The ab-2 present in fertile women were
capable of neutralizing the fertilization-inhibitory activity of
anti-FA-1 antibody in a concentration-dependent manner in a
human sperm penetration assay (SPA) of zona-free hamster
oocytes. ab-2 were also capable of inhibiting the binding of
antisperm antibodies to the sperm surface as determined by the
immunobead binding technique. This is the first report demon-
strating the presence of ab-2 in the sera of fertile women that
are capable of neutralizing antisperm antibodies present in sera
of infertile women. These findings suggest that the inability to
detect antisperm antibody activity in the sera of fertile women
may be due to higher levels of ab-2 present in these sera than
levels found in sera of infertile women, although both groups
may be producing antisperm antibody response after sexual
exposure to sperm. (J. Clin. Invest. 1993. 92:2331-2338.) Key
words: antisperm antibodies - antiidiotypic antibodies « infertil-
ity « sperm penetration assay  sperm antigens

Introduction

Spermatozoa have both auto- as well as isoantigenic potentials
in humans. Up to 70% of vasectomized men form antisperm
antibodies (1) and up to 30% of infertility (having unexplained
or immunologic etiologies) may be associated with the pres-
ence of antisperm antibodies in the male and/or female
partner of an infertile couple (2). In the female genital tract,
the components of mucosal immunity and systemic immunity
have been detected in different combinations from the vagina
to the ovarian follicle (3, 4). Intravaginal as well as intrauterine
immunization of women with inactivated poliovirus elicited
specific antibody responses in the genital tract (5, 6), suggest-
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ing that the human female genital tract is not an immunologi-
cally privileged site. If this is true then every normal healthy
woman should form antisperm antibodies after exposure to
sperm following intercourse. However, antisperm antibodies
have been detected using various methods generally only in
sera from infertile women and not in the sera from fertile
women. Though various hypotheses have been proposed to
explain the exact mechanism(s), the general absence of anti-
sperm antibodies in sexually active fertile women remains an
enigma.

We have isolated and characterized a sperm-specific glyco-
protein, the fertilization antigen (FA-1),! from human and
murine male germ cells that seems to have a role in human
fertilization (7-9). Interestingly, sera from infertile women
and not from fertile women react strongly with FA-1, indicat-
ing its involvement in involuntary infertility in humans (10,
11). The present study was conducted to investigate whether or
not sera from fertile and infertile women have antiidiotypic
antibodies (ab-2) to antisperm antibodies (ab-1), especially to
FA-1 antibodies. The main objective of this study was to search
for mechanism(s) involved in the usually undetectable anti-
sperm antibody response in fertile women who are sexually
exposed to sperm.

Methods

Patient sera. Sera (n = 24, nos. 1-24) were collected from fertile
healthy women (28-36 yr old) who had delivered a healthy baby
within the last 2 yr. These sera were negative for antisperm antibodies
as assayed by the sperm agglutination technique (SAT) (12), the
sperm immobilization technique (SIT) (13), and the indirect immu-
nobead technique (IBT) (14). Sera (n = 23, nos. 25-47) were also
collected from infertile women (26-37 yr old) who demonstrated anti-
sperm antibodies in their sera as revealed by the SAT (titers
> 1:2,048), SIT (titers > 1:64), and/or IBT (>50% binding). Sera (n
= 12, nos. 48-59) were collected from healthy normal virgin females
(12-16 yr old).

Fertilization antigen (FA-1). FA-1 was purified from lithium diio-
dosalicylate (LIS)-solubilized human testes by immunoaffinity chro-
matography using MA-24 monoclonal antibody (7, 8). Each batch of
FA-1 was tested for its homogeneity. Only batches that showed specific
band of 49-51 kD in SDS-PAGE when stained with ultra-sensitive
silver stain were used in the present study.

Antiidiotypic antibodies to FA-1 monoclonal antibody. The hybrid-
omas secreting FA-1 monoclonal antibody (MA-24) were injected into
pristane-sensitized BALB/c mice to obtain ascites fluid (7, 8). The
monovalent (Fab') antibodies were prepared from the ascites fluid (as
described below), affinity purified using protein A-Sepharose 4B col-
umn, and then immunoaffinity purified using FA-1 antigen in an im-
munocolumn (described below). The immunoaffinity-purified FA-1

1. Abbreviations used in this paper: ab-1, antisperm antibodies; ab-2,
antiidiotypic antibodies; FA-1, fertilization antigen; IBT, indirect im-
munobinding technique; SPA, sperm penetration assay.
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monoclonal antibody Fab’ (henceforth referred to as anti-FA-1 Fab')
was injected into rabbits to obtain antiidiotypic antibodies (Rb ab-2).
The immunization of rabbits was carried out by a procedure described
elsewhere (15). Briefly, sexually mature virgin female rabbits (ran-
dom-bred New Zealand white strain, » = 2) were immunized by two
injections simultaneously, one subcutaneously and one intramuscu-
larly, with 125 ug of immunoaffinity-purified anti-FA-1 Fab’ in PBS
emulsified with Freund’s complete adjuvant. 2 wk after the primary
injection, the rabbits were injected at each site weekly for 3 wk with the
same amount of the antigen mixed with incomplete Freund’s adjuvant.
2 wk after the last injection, the animals were bled, sera collected, and
Fab’s prepared as described below. Rabbits (n = 2) injected similarly
with the control monoclonal antibody Fab’ yielded sera that were used
to prepare Fab’s, to be used as controls for the Rb ab-2 against FA-1
monoclonal antibody. The control monoclonal antibody Fab' used in
the present study was prepared from control mouse myeloma ascites
fluid (henceforth referred to as control Fab') of the same isotype speci-
ficity, IgG2a-, as the FA-1 monoclonal antibody (mouse IgG2a-[k]
UPCI0, cat. no. 50328; Cappel Labs., Organon Teknika Corp., Dur-
ham, NC).

Preparation of Fab’s. The present experiments were performed using
monovalent Fab’s of the patient sera and rabbit antisera raised against
FA-1 monoclonal antibody Fab’ or control myeloma ascites Fab'.
Monovalent Fab’s were prepared as described in detail elsewhere (16)
by the method of Nisonoff et al. (17). Briefly, immunoglobulins were
precipitated with 18% sodium sulfate, the precipitates were dialyzed
against PBS, and the IgGs were affinity purified using a protein A-
Sepharose 4B column. The affinity-purified IgGs were digested with
pepsin (2.5% [wt/wt] in 0.1 M sodium acetate, pH 4.5, for 18 h at
37°C). The digested preparations were dialyzed against PBS contain-
ing 0.085 M 23-mercaptoethanol, PBS containing 13.51 mM iodoace-
tamide, and finally against PBS alone. The dialyzed pepsin-digested
aliquots were applied to a protein A-Sepharose 4B column, incubated,
and the affinity-purified Fab’ fragments of IgGs were collected as
flow-through fractions. The Fab’s were lyophilized, reconstituted, ali-
quoted, and stored at —20°C for subsequent use. A portion of the Fab’
preparation was examined in SDS-PAGE for homogeneity and lack of
intact IgG.

The affinity-purified Fab’s prepared from FA-1 monoclonal anti-
body (MA-24) were further purified using an immunoaffinity column
containing FA-1 antigen coupled with Sepharose 4B activated by CNBr
as described elsewhere (18). After washing the column with PBS until
the absorbance ( A yg0nm ) became zero, the bound Fab’s were eluted with
0.1 M glycine-HCI buffer (pH 2.8) at room temperature. The eluted
fractions were immediately neutralized with 1.0 M KH,PO,, dialyzed
against PBS, and stored at —20°C for subsequent use.

In the Western blot procedure (described below), affinity-purified
IgGs (instead of Fab’s) from patient sera and rabbit sera were run in
SDS-PAGE (reduced or nonreduced ) and tested against the immunoaf-
finity-purified anti-FA-1 Fab’.

ELISA. ELISA was performed as described elsewhere (7, 18).
Briefly, ELISA plates were coated with FA-1 antigen or anti-FA-1 Fab’
or control Fab’ (0.02 ug/well), blocked with 0.25% BSA in PBS (pH
7.4) containing 0.05% Tween-20 (PBS-BSA-Tween), washed (PBS-
Tween), and incubated with Fab’s from fertile, infertile, or virgin
women (10 pg/well diluted in PBS-BSA-Tween). The wells were
washed (PBS-Tween), incubated with alkaline phosphatase-conju-
gated goat antibody to human IgG ( 1:200 dilution ) (second antibody),
and developed using disodium p-nitrophenyl phosphate (Sigma Chem-
ical Co., St. Louis, MO) as substrate. Absorbance was measured at 405
nm. For determining the binding of anti-FA-1 Fab’ with FA-1 antigen,
and the Rb ab-2 with anti-FA-1 Fab’, alkaline phosphatase-conjugated
goat antibodies to murine IgG and rabbit IgG, respectively, were used
as the second antibody.

Each serum was run in duplicate with uncoated wells serving as
controls. The absorbance reading of the uncoated wells was subtracted
from the absorbance reading of the antigen /Fab’-coated wells, and the
mean of the subtracted values was recorded. The sera were run in
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batches of 10-15 and tested on 2-3 different days. Absorbance readings
were converted to SD units using the following formula: SD units
= mean (test) — mean (control )/SD of the control group. Test samples
with SD units of = +2 were considered as having a positive reaction
with FA-1 antigen or anti-FA-1 Fab’ or control Fab'.

Western blot procedure. The Western blot procedure was per-
formed by the method of Towbin et al. (19). Briefly, 6.8 ug of affinity-
purified IgG was run on a 5-15% gradient SDS gel (reduced or nonre-
duced) (20), transferred to nitrocellulose paper, probed first with ei-
ther anti-FA-1 Fab’ or control Fab’ (15 ug/7 ml of buffer), and then
with alkaline phosphatase-conjugated affinity-purified anti-mouse
antibody. The latter was extensively immunoadsorbed with human
immunoglobulins (1:1,000 dilution, H and L chain specific; cat. no.
AA272; The Binding Site, San Diego, CA). The bands were localized
using 5-bromo-4-chloro-3-indolyl phosphate as substrate (21).

Immunoprecipitation procedure. To further confirm the presence
of ab-2 in the sera of fertile women, we performed the immunoprecipi-
tation procedure involving competitive inhibition of binding of ab-2 to
anti-FA-1 Fab’ by adsorption with FA-1. The affinity-purified IgG
(7.2-ug) samples from sera of fertile (nos. 1 and 6) or virgin females
(nos. 49 and 50) were added to 15 ul of anti-FA-1 Fab’ or control Fab’
covalently coupled to CNBr-activated Sepharose-4B beads in a micro-
centrifuge tube, containing various concentrations of FA-1 (0, 3.5, and
9.3 ug). The reaction mixture was incubated first at 37°C for 1 h and
then at 5°C overnight on an Eppendorf shaker. The beads were centri-
fuged (3,000 g for 2 min), supernatants discarded, and the pellet was
washed (three times) with PBS by centrifugation. The beads were then
mixed with 50 ul of SDS sample buffer (nonreduced) (20), heated in a
boiling water bath for 10 min, centrifuged again, and the supernatant
was subjected to SDS-PAGE. The gels were stained using a silver stain-
ing kit following the manufacturer’s protocol (Bio-Rad Laboratories,
Richmond, CA) and photographed.

The anti-FA-1 Fab’ and control Fab’ were covalently coupled to
CNBr-activated Sepharose-4B beads (Sigma Chemical Co.) by a proce-
dure described elsewhere (7, 8).

Sperm penetration assay (SPA). Assay of human sperm penetra-
tion of zona-free hamster oocytes, commonly described as SPA, was
performed by the modified method of Yanagimachi et al. (22), de-
scribed in detail elsewhere (18). Briefly, sperm were capacitated in test
yolk buffer for 24-48 h at 4°C, washed (three times), and resuspended
in Biggers, Whitten, and Whittingham (BWW) containing 1% BSA.
The sperm suspension was adjusted to 5 X 106 sperm/ml, a 50-u1 drop
containing 7 ul of test solution (containing anti-FA-1 Fab’ or PBS-
BSA) was incubated for 1.5 h at 37°C, and then incubated for 3 h at
37°C with 10-20 zona-free hamster oocytes obtained from superovu-
lated golden hamsters. The ova were then washed, stained with acridine
orange (0.2%), and penetration was determined by the presence of
fluorescing swollen sperm heads in the cytoplasm of the ovum. Motility
was recorded before and after incubation with the antibody and ova.
The assay was repeated two to five times using two to three fertile
donors and each serum was tested with 32-91 ova. For immunoad-
sorption experiments, the anti-FA-1 Fab’ was incubated overnight at
4°C with Fab’ samples from fertile women, the reaction mixtures were
centrifuged, and the supernatants tested as described above.

IBT. The indirect IBT was performed as described by Bronson et al.
(11, 14). Briefly, Fab’s from infertile women (immunoadsorbed over-
night at 4°C with PBS-BSA or Fab’s from fertile women and centri-
fuged) were incubated with motile, antibody-free sperm (10° sperm/
ml) collected by the swim-up procedure from fertile men. After incu-
bation for 1 h at 37°C, spermatozoa were washed free of unreacted
Fab’s and resuspended in PBS containing 0.1% BSA for subsequent
immunobead binding (immunobeads were coated with rabbit anti-hu-
man immunoglobulins; Bio-Rad Laboratories). A positive reaction
was recorded if one bead or more bound per sperm cell, and = 10%
motile sperm were bound.

Immunoaffinity purification of Fab’s. To further confirm that the
effects observed in SPA and IBT were due to the ab-2 present in sera of
fertile women, we performed the immunoaffinity purification of Fab’s



from these sera. For immunoaffinity purification, the affinity-purified
Fab’s (120 ug) from sera of fertile (nos. 1 and 6) or infertile women
(nos. 27-29) were incubated (overnight at 4°C) with either the anti-
Fab' or control Fab’ CNBr-activated Sepharose 4B immunoadsorbent
columns (7, 8). After washing the column at pH 8 (0.1 M phosphate
buffer), the bound Fab’s were eluted at pH 2.8 (0.1 M glycine, HCI
buffer) (7, 8). The eluted fractions were immediately neutralized with
1 M KH,PO,, concentrated, and dialyzed for 48 h against PBS. After
dialysis the Fab’s were investigated for effects on neutralization of
the fertilization-inhibitory effect of anti-FA-1 Fab' in the SPA and en
the inhibition of sperm-binding activity of antisperm antibodies in
the IBT.

Statistical analysis. Differences between various experimental and
control groups was analyzed using the paired or unpaired student’s ¢
test.

Results

FA-1 used in the present studies demonstrated a single band of
49-51 kD in SDS-PAGE after staining with silver stain. Fab’s
purified from sera of women ( fertile, infertile, and virgin ), rab-
bit antisera (Rb Ab-2) raised against anti-FA-1 monoclonal
antibodies, and control myeloma ascites fluid each showed a
single band of 40-42 kD. Heavier bands corresponding to in-
tact IgG molecules were not seen in SDS-PAGE. Fab’s purified
from murine and rabbit sera showed a slightly lower molecule
mass (~40 kD) than the corresponding Fab’ purified from
human sera (~42 kD) (data not shown).

When assayed against FA-1 antigen in an ELISA, none of
the affinity-purified Fab’s from fertile or virgin females reacted
positively (>2 SD units), whereas 70% (16/23) of the Fab’s
from infertile women reacted positively with the FA-1 antigen
(Fig. 1 A). In contrast, when these Fab’s were run against the
anti-FA-1 Fab’, the Fab’s from 71% (17/24) of fertile women
showed a positive reaction, Fab’s from only three infertile
women (13%, 3/23) demonstrated a weak positive reaction,
and none of the Fab’s from any of the virgin females (0%,
0/12) showed any positive reaction (Fig. 1 B). None of the

Fab’s from fertile, infertile, or virgin women reacted positively
with the control Fab’ (Fig. 1 C). In these experiments, anti-FA-
1 Fab' specifically reacted with the FA-1 antigen (4). Rb ab-2
to anti-FA-1 Fab’ specifically reacted with anti-FA-1 Fab’ (B,
lane a) and not with control Fab’ (C, lane a); and the specific
reaction with anti-FA-1 Fab’s disappeared after immunoad-
sorption with the FA-1 antigen (B, lane a'). Fab’s prepared
from preimmune sera collected from rabbits immunized with
anti-FA-1 Fab’s or from rabbits immunized with control Fab’
did not react with anti-FA-1 Fab’ (data not shown).

The presence of antiidiotypic antibodies in fertile women
was confirmed by the Western blot procedure. Anti-FA-1 Fab’
reacted specifically with a band corresponding to an intact IgG
molecule, on a Western blot of nonreduced affinity-purified
IgGs from sera of fertile women (Fig. 2 4, lanes a and b). The
nonreduced IgGs from infertile women (especially no. 25) also
showed some reaction with anti-FA-1 Fab’; however, the in-
tensity of the reaction was much stronger with the IgGs from
fertile women (Fig. 2 A4, lanes ¢ and d). Even IgGs from the
three fertile women (nos. 4, 5, and 8) that showed a weaker
(< 2 SD units) reaction in ELISA reacted stronger with the
anti-FA-1 Fab' in the Western blot procedure than IgGs from
the infertile women. The IgGs from virgin females did not react
specifically with the anti-FA-1 Fab’s and the intensity of the
reaction was the same as that observed with the control Fab'.
The second antibody (alkaline phosphatase-conjugated affin-
ity-purified anti-mouse IgG) used in the present study, al-
though extensively adsorbed with human immunoglobulins
(The Binding Site), showed a weak intensity of reaction, even
without the control Fab' as the first antibody. The reactions,
however, were specific and strongest with Fab’s from fertile
women, (Fig. 2 A4, lanes a and b), followed by Fab’s from
infertile women (A, lanes ¢ and d). The specific and strong
reactions were observed only when intact nonreduced IgGs
were used. Upon using the reduced IgGs from fertile women,
the specific reactions disappeared; there were no differences in
intensities of reactions whether run against the anti-FA-1 Fab’

Figure 1. Reaction of Fab’ anti-
Al FA-1Antigen |B| Anti-FA-1Fab” [C] Control Fab’ bodies present in sera of fertle,
T T infertile, and virgin females with
6 - . | | FA-1 antigen (A4), anti-FA-1
. | | monoclonal antibody Fab’ (B),
25 . | [ and control myeloma ascites
o34 | | fluid Fab’ (C) in an ELISA. Ab-
5 1 26 ] | sorbance values above the hori-
036 *37 | | zontal dotted line represent > 2
3 e I I SD units, indicating a positive
g 4 4 o2 I b2e o2t | reaction. The FA-1 monoclonal
a "'® | lets *%a | antibody Fab' reacted strongly
o g o8 T I with the FA-1 antigen (4). Rab-
2 34 | ru 7 | bit antiidiotypic antibodies (Rb
< | _"_.,;l° :_3‘ :_’5._ | _ | ab-2) to anti-FA-1 Fab' also
- il mibolbll BT NI D . * 1 [« "o~ [T~ [ ~. | reacted strongly with anti-FA-1
2 1 - ., ee |o : ° . '. e® o] e I .: o |° s . * . Fab' (B, lane a); the reaction
° ee, . | LI R I I ) I *. diminished when FA-1 antigen
Lo : L e 2% e |Ticlet. ]t te| e, | wasaddedtocompete with the
h 0o % ® e ) S P PO R I antiidiotypic antibody (B, lane
ce o . o ‘e * . ¢° | .. T a'). Control Fab’ did not react
e * | ¢ . Y L . . with antiidiotypic antibodies, or
aa a o : Rb ab-2 whether tested before
WO R DR Wm W D m mm W (Clane ) orafer additon of
Fab’ Fab' Fab’ FA-1 antigen (C, lane a’).
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duced blot (C, lane g). Anti-FA-1 Fab’ specifically recognized FA-1 antigen of ~ 51 kD on the Western blot whether reduced (4, lane /) or
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or control Fab’, or with the second antibody alone. Reduced
Rb ab-2 against anti-FA-1 Fab’ specifically reacted with the
anti-FA-1 Fab' (Fig. 2 4, lane g) and not with the control Fab’
(B, lane g). Nonreduced Rb ab-2 did not react with anti-FA-1
Fab’ (C, lane g) or with control Fab’ (D, lane g). FA-1 antigen
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(~51-kD band) reacted specifically with the anti-FA-1 Fab’
whether reduced (Fig. 2 4, lane &) or nonreduced (Fig. 1 C,
lane #); but it did not react with control Fab’ whether reduced
(B, lane h) or nonreduced (D, lane A).

The presence of ab-2 in the sera of fertile women was fur-

/ Figure 3. Confirmation of the
Control Fab presence of antiidiotypic anti-
bodies in sera of fertile women
by the immunoprecipitation
procedure. (A) Affinity-purified
IgGs from two fertile women
(nos. 1 and 6), specifically
bound to anti-FA-1 immunoad-
sorbent beads, and on elution
with SDS-sample buffer showed
a single band corresponding to
IgG in SDS-PAGE (lanes a and
b, respectively). On addition of
FA-1 to the reaction mixture,
there was a concentration-de-
pendent decrease in binding of
both of these IgGs with anti-FA-
1 immunoadsorbent beads, as
seen by the decrease in intensi-
ties of these bands, with a corre-
sponding increase in intensities
of the bands corresponding to
FA-1 (lanes a’, a” [no. 1] and &',
b" [no. 6], corresponding to 3.5
ug[lanes a’and b’} and 9.3 pug
[lanes a” and b"] of FA-1, re-
spectively). Affinity-purified
IgGs from two virgin females
a” b b b” ¢ d (nos 49 and 50), did not react
with anti-FA-1 immunoadsor-

bent beads (lanes ¢ and d, respectively). (B) The replica of the gel shown in 4, with IgGs incubated with the control Fab’ beads instead of anti-
FA-1 immunoadsorbent beads. IgG from neither of the fertile women reacted with the control beads, thus the eluate did not show any band in
SDS-PAGE (lanes a, @', a” [no. 1] and b, &', b" [no. 6], corresponding to 0 ug [lanes a and b], 3.5 ug [lanes a’ and b’], and 9.3 pg [a” and b"]
of FA-1, respectively). Similarly, IgG from neither of the virgin females reacted with control Fab’ beads, thus, the eluate did not show any band

in SDS-PAGE (lanes ¢ and d, respectively).
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ther confirmed using affinity-purified IgGs from two fertile
women in the immunoprecipitation procedure. The IgGs from
both fertile women (nos. 1 and 6) specifically reacted with the
anti-FA-1 immunobeads with the binding competitively inhib-
ited by FA-1 antigen in a concentration-dependent manner
(Fig.3A4,lanesa, a’,a",and b, b', b”, respectively). These IgGs
did not react with the control Fab’ beads (Fig. 3 B, lanes a, a/,
a” and b, b, b”, respectively). The IgGs from two virgin fe-
males (nos. 49 and 50) did not react with the anti-FA-1 im-
munobeads (Fig. 3 A4, lanes ¢ and d, respectively) or with the
control Fab’ beads (Fig. 3 B, lanes ¢ and d, respectively).
Further experiments were conducted to investigate the bio-
logical activity of the Fab’s purified from the sera of fertile
women. The effect of the Fab’s from four fertile women on the
fertilization-inhibitory activity of anti-FA-1 Fab' was assayed
in the SPA (Table I). The Fab’s from three women (nos. 1, 6,
and 7), which showed a positive reaction with the anti-FA-1
Fab’in ELISA, demonstrated a significant neutralization of the
anti-FA-1 Fab'-mediated fertilization-inhibitory activity on
human sperm penetration of zona-free hamster oocytes. The
Fab' from the fourth fertile woman (no. 8) exhibited a slight
neutralization activity, however, the effects were nonsignifi-
cant. Fab’s isolated from infertile women (nos. 26 and 27) had
additive effects; rather than neutralizing the fertilizing-inhibi-

Table 1. Effects of Antiidiotypic Antibodies Present in Sera
of Fertile Women on Fertilization-inhibitory Activity
of FA-1 Monoclonal Antibody

Immunoadsorbed with:
No.Ova Sperm penetrated
Serum (patient) Amount  tested per ovum
18/50 ul 1g/50 ul no. mean+SD
FA-1 antibody
- PBS-BSA 6.2 53 28.94+3.05*
35 PBS-BSA 6.2 49 18.19+1.39%
3.5 Fertile (no. 1) 3.0 35 26.97+4.79%
3.5 Fertile (no. 6) 4.1 37 25.68+6.11°
3.5 Fertile (no. 7) 1.6 47 24.24+0.55°
35 Fertile (no. 8) 33 38 21.72+5.41"
35 Infertile (no. 26) 3.2 34 12.10+2.32%
35 Infertile (no. 27) 3.7 32 10.23+1.98%
35 Virgin (no. 49) 43 39 17.32+2.18"
35 Rb ab-2 3.0 37 27.30+1.27¢
35 FA-1 antigen 2.6 32 27.97+0.25¢
Fab’s alone
- PBS-BSA 6.2 91 33.57+7.69"
- Fertile (no. 1) 3.0 52 34.77+£7.86%*
- Fertile (no. 6) 3.0 54 33.91+8.44**
- Fertile (no. 7) 1.6 58 33.38+6.67**
- Fertile (no. 8) 33 56 35.99+7.30**
- Infertile (no. 26) 3.2 31 15.63+3.23%
- Infertile (no. 27) 3.7 33 17.61+4.23%

- Virgin (no. 49) 4.3 38
- Rb ab-2 3.0 37
- FA-1 antigen 2.6 40

35.15£10.39**
32.18+6.45**
35.98+3.32%*

In these studies, affinity-purified antibodies showing a single band of
40 kD in SDS-PAGE were used. * vs. ¥, P = 0.004 to <0.001; § vs.
# P =0.021t00.009, " vs. ¥ nonsignificant (P > 0.05); T vs. ¥, P
= 0.004; ' vs. * nonsignificant (P > 0.05).

tory activity of anti-FA-1 Fab’, they slightly decreased the pen-
etration rates in comparison with using anti-FA-1 Fab’s alone.
Fab’s from two virgin females (nos. 49 and 50) did not neutral-
ize the fertilization-inhibitory effect of anti-FA-1 Fab'. Interest-
ingly, both FA-1 antigen as well as Rb ab-2 showed specific and
significant neutralization of the fertilization-inhibitory activity
of anti-FA-1 Fab’ (Table I). None of the Fab’ from fertile sera,
Rb ab-2, or FA-1 antigen per se significantly affected the hu-
man sperm penetration rates.

To investigate further possible biologic activities of Fab’s
purified from sera of fertile women, they were used in adsorp-
tion experiments in an attempt to block the sperm-binding
activity of Fab’s from antisperm antibody-positive sera of in-
fertile women. The inhibition of antisperm antibody binding
was measured by the IBT. Indeed, the ab-2 present in sera from
all four of the fertile women tested were able to neutralize up to
100% of the sperm-binding activity of the sera examined from
eight different infertile women (Table IT). However, there was
a large variation in the neutralization capacity among Fab’s
from various fertile women. Even Fab’s from the same fertile
woman showed a varied degree of neutralization of Fab’s from
different infertile women. Incubation with Fab’s from virgin

Table I1. Effects of Antiidiotypic Antibodies Present in Sera
of Fertile Women on Sperm-binding Activity
of Antisperm Antibodies Present in Sera of Infertile Women

Immunoadsorbed with: Immunobead binding
Percent
Serum sperm
Infertile serum (patient) Amount  bound Localization
ug/30 pl 1g/30 ul
Infertile no. 28
15 PBS-BSA 12.5 57 Head and tail
15 Fertile (no. 1) 8.4 8 Head and tail
15 Fertile (no. 6) 11.6 0 -
15 Fertile (no. 7) 5.1 10 Head and tail
15 Fertile (no. 8) 9.9 22 Head and tail
15 Virgin (no. 49) 12.1 61 Head and tail
15 Virgin (no. 50) 11.6 55 Head and tail
15 Infertile (no. 29)  12.1 72 Head and tail
Infertile no. 29
15 PBS-BSA 12.5 38 Head and tail
15 Fertile (no. 1) 8.4 8 Head and tail
15 Fertile (no. 6) 11.6 8 Head and tail
15 Fertile (no. 7) 5.1 12 Head and tail
15 Fertile (no. 8) 9.9 9 Head and tail
15 Infertile (no. 28)  12.2 64 Head and tail
Infertile no. 30
15 PBS-BSA 12.5 61 Head
15 Fertile (no. 6) 11.6 13 Head
15 Fertile (no. 7) 5.1 47 Head
15 Fertile (no. 8) 9.9 22 Head
15 Infertile (no. 28) 12.2 22 Head

In these studies, affinity-purified Fab’ antibodies showing a single
band of 40 kD in SDS-PAGE were used. Experiments were performed
using sera from eight different infertile women and using sperm from
at least three different donors. Three representative experiments are
shown here. All these Fab’s from fertile women are negative for sperm
binding (0% binding) in the IBT.
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Table I11. Effects of Immunoaffinity-purified Antiidiotypic
Antibodies from Fertile Women on Fertilization-inhibitory
Activity of FA-1 Monoclonal Antibody

Immunoadsorbed with:
Sperm penetrated
FA-1 antibody Serum (patient) Amount  Ova tested per ovum
ng/50 ul ng/50 pl no. Mean+SD
0 PBS-BSA 8.9 48 23.56+3.98*
8.2 PBS-BSA 8.9 43 2.39+0.78¢
8.2 Fertile (no. 1) 1.1 32 4.31%1.55
8.2 Fertile (no. 1) 2.5 31 8.32+4.34¢
8.2 Fertile (no. 1) 5.8 32 20.32+4.36!
8.2 Fertile (no. 1) 8.9 32 24.32+1.98!
8.2 Fertile (no. 6) 2.5 32 4.1+1.39%
8.2 Fertile (no. 6) 5.8 32 17.80+4.20"
8.2 Fertile (no. 6) 8.9 37 25.62+6.01"

In this study, immunoaffinity-purified Fab’s from fertile women hav-
ing >4 SD units in ELISA were used. *vs. ¥ P < 0.001; % vs. ¥,
nonsignificant (P > 0.05); ! vs. ¥, P = 0.02-0.007; "' vs. *, nonsignifi-
cant (P > 0.05).

females at the same or higher concentrations did not immun-
oadsorb the sperm-binding activity of antisperm antibodies
present in sera of infertile women. Again, incubation of the
Fab’s from infertile women with the Fab’s from infertile
women showed additive rather than neutralization effects (Ta-
ble II).

To further confirm that these biological effects were specifi-
cally due to the ab-2 present in sera of fertile women, ab-2 was
purified using the anti-FA-1 immunoadsorbent column. Fab’s
from fertile women showed specific binding to the anti-FA-1
immunoadsorbent column but not to the control Fab’ column.
The immunoaffinity-purified Fab’ fraction that eluted at pH
2.8 neutralized the fertilization-inhibitory activity of anti-FA-1
Fab’ in the SPA (Table III) and inhibited the sperm-binding
activity of antisperm antibodies in the IBT in a concentration-
dependent manner (Table IV). The Fab’s from three infertile

Table 1V. Effects of Immunoaffinity-purified Antiidiotypic
Antibodies from Fertile Women on Sperm-binding
Activity of Antisperm Antibodies

Immunoadsorbed with:

Infertile serum Immunobead binding*
(no. 28) Serum (patient) Amount (sperm bound)
ug/30 ul ug/30 ml %

15 PBS-BSA 15.1 62
15 Fertile (no. 1) 3.1 57
15 Fertile (no. 1) 7.2 32
15 Fertile (no. 1) 8.4 23
15 Fertile (no. 1) 15.1 14
15 Fertile (no. 6) 4.5 39
15 Fertile (no. 6) 8.3 23
15 Fertile (no. 6) 11.6 12
15 Fertile (no. 6) 16.2 6

In this study, immunoaffinity-purified Fab’s from fertile women hav-
ing >4 SD units in ELISA were used. * Experiments were performed
using sperm from two different fertile donors on two different days.
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women examined did not bind either to the anti-FA-1 immuno-
adsorbent column or to the control Fab’ column, and thus
nothing eluted at pH 2.8 (A,gonm Was 0).

Discussion

The presence of ab-2 in the sera of the majority of fertile
women was indicated by positive reactions of their Fab’s with
anti-FA-1 Fab' in ELISA, Western blot, immunoprecipitation,
and immunoaffinity purification procedures. That ab-2 forma-
tion is a result of exposure to sperm cells is suggested by their
absence in the sera of virgin women. Anti-FA-1 Fab’ reacted
with the immunoglobulins from fertile women only when
heavy and light chains were intact, as required by the idiotypic
determinants for complete expression (23). The lack of detec-
tion of serum ab-2 in some of the fertile women could be due to
the sensitivity of the methods or the amount of free ab-2 circu-
lating that are dependent upon the nature and kinetics of the
immune response generated after exposure to sperm following
intercourse. The absence or minimal presence of ab-2 against
FA-1 antibodies in the sera of infertile women suggests that the
antiidiotypic antibodies play a role in etiology of involuntary
infertility.

Biological activity of ab-2 isolated from the sera of fertile
women was shown by their ability to neutralize the activity of
anti-FA-1 antibodies to inhibit sperm penetration of hamster
eggs and to block the sperm-binding activity of antisperm anti-
bodies present in sera of infertile women. There was a great
variation in the neutralization capacity among Fab’s from
various fertile women. Even Fab’s from the same fertile
woman showed a varied degree of neutralization of the Fab’s
from different infertile women. This may be due to differences
in antigenic specificities of the antisperm antibodies present in
sera of infertile women and/ or due to the differences in specific-
ities of the ab-2 present in sera of fertile women. Indeed, the
sera from various antibody-positive infertile women have been
shown to react with a variety of different spermatozoal proteins
on Western blots of detergent-solubilized human sperm prepa-
rations (10, 24, 25).

In the present study, we investigated the presence of ab-2 in
sera of fertile, infertile, and virgin women. To examine the in
vivo relevance of these findings, studies need to be extended to
investigate their presence in the genital tract secretions. How-
ever, the antibodies found in female genital tract secretions
originate from both the mucosal immune system as well as the
systemic immune system dependent on the organ (6). Ovarian
follicular fluid is essentially a serum filtrate containing levels of
IgA and IgG only slightly lower than serum. Cervical secretions
and oviductal secretions contain approximately equal levels of
IgG and IgA (mostly of the polymeric type bound to secretory
component), whereas in uterine secretions IgG is dominant (6,
26). Hysterectomy with removal of the cervix results in a slight
lowering of vaginal IgG but a major loss of IgA in women (3,
4). Secretory IgA, which is polymeric, arises from plasma cells
located in the submucosal tissue. The origin of the plasma cells
is possibly from lymphoid tissues in the peritoneal cavity and/
or is associated with the gut. IgG may also arise from locally
secreting plasma cells but the majority appears to be from
serum sources (6, 26). Thus, the immune induction of anti-
sperm antibodies, either locally or systemically, by whatever
etiology may be influenced by the antiidiotypic antibodies, es-
pecially of the IgG isotype.

The immune responses are regulated by cells (including



their soluble mediators) and antibodies that are specific for
idiotypic as well as conventional antigenic determinants. Idio-
type-based regulatory systems offer the possibility of extended
chains of complementary members, i.¢., idiotype, antiidiotype,
anti-antiidiotype, and so on. This theory of immune modula-
tion regulated through the idiotype-antiidiotype network was
postulated by Jerne (27) and has been documented in various
experimental and pathological conditions (28-32). Antiidio-
typic immunity has been suggested to play an important role in
regulation of autoimmune responses (33). Autoimmune dis-
ease could result as a consequence of an alteration of the immu-
nologic network, and antiidiotypic immunity has been pro-
posed as a treatment for individuals afflicted with autoimmune
disease.

Our results demonstrate for the first time that sera from
fertile women who are sexually exposed to sperm have antiidio-
typic antibodies that are capable of neutralizing the antisperm
antibody activity. These antiidiotypic antibodies carried the
internal image of the FA-1 antigen as they successively com-
peted with FA-1 in inhibiting the binding and biologic activi-
ties of anti-FA-1 antibodies. The antiidiotypic antibodies were
absent in sera of virgin females not sexually exposed to sperm.
Sperm have isoantigenic potential ( 1, 2) and the female genital
tract is not an immunologically privileged site (3-6), thus, an-
tisperm antibody response may be expected after sexual expo-
sure to sperm following intercourse. Our data suggest that nor-
mally in fertile women exposure to semen elicits a systemic
immune response with antibodies against sperm, as we were
able to detect the complementary antiidiotypic antibodies by
several methods. Our results support the Jerne’s (27) network
theory of immune modulation regulated through idiotype-an-
tiidiotype interaction. Based upon these findings one can specu-
late that the immune response to sperm is generated after expo-
sure to sperm in both fertile as well as infertile women. How-
ever, in fertile women, the antisperm antibody (ab-1)
generated after exposure to sperm elicits the production of an-
tiidiotypic antibody (ab-2), which neutralizes the ab-1 re-
sponse. In contrast, in infertile women, the ab-2 production is
either weak or absent, thus, it is insufficient to neutralize the
ab-1 response, resulting in infertility. It can be hypothesized
that immune infertility may be a consequence of derangement
of the idiotype-antiidiotype network. The derangement could
be the result of either: (a) an inherent lack of an ab-2 response
to the primary ab-1 production, or (b) hyperimmunization
with sperm antigens occuring due to idiopathic reasons or as a
concurrent event with infection in the female genital tract with
elevated ab-1 production ensuing. Circulating antisperm anti-
bodies have been found in women with a history of genital tract
infections (26).

The above findings will have applications in the develop-
ment of an antisperm contraceptive vaccine, and in the treat-
ment of immunologic infertility. We plan to investigate
whether modulation of antisperm antibody response in infer-
tile women by in vivo injection of gamma globulins from fertile
women could result in treatment of infertility. Besides the idio-
type-antiidiotype network, there may be additional mecha-
nisms such as cell-mediated immunity including suppressor T
cells, cytotoxic T cells, and various cytokines (lymphokines/
monokines) involved in regulation of antigenicity of sperm
cells in the female genital tract (34). Interactions between
various components of the immune system in immunoregula-
tion of sperm function require further study.
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