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Abstract

There are currently two major approaches to hormonal male contraception. One relies on
testosterone (analogs) either alone or in combination with gonadotropin releasing hormone
(GnRH) (analogs or immunizations), the other on immunizations against follicle-stimulating
hormone (FSH). Theoretically, the latter method will suppress spermatogenesis whilst not
interfering with libido. An absolute requirement is, however, that an anti-FSH vaccine does
not induce anti-luteinizing hormone (LH) antibodies (LH being responsible for the induction
of testosterone which is necessary to maintain libido). In this report we show that when whole
FSH is used for vaccination, in most cases in addition to biological activity against FSH,
anti-LH activity is also induced. By systematic analysis of the antisera raised with FSH using
svstematic epitope scanning (PEPSCAN) we found differences between the FSH-specific and
FSH-nonspecific sera. Only the FSH-specific antiserum contained antibodies that recognized
amino acid sequence 37-55 on the #-subunit in a linear manner. Because antibodies against
this epitope have not been found in the cross-reactive sera this epitope forms a prime
candidate for an anti-FSH contraceptive vaccine
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1. Introduction

Up to the present, hormonal contraceptives for males are not available in
a practically applicable form. A 'need exists for a larger diversity of
methods, especially those producing long periods of effectiveness (Ada and
Griffin, 1991). Several options are currently under investigation, which can
be categorized in two different approaches (Wang et al.,, 1994). One
approach concentrates on pharmacological methods (Cummings and Brem-
ner, 1994). Treatment with GnRH analogs and/or testosterone analogs,
which is the most developed method at present, has yielded good results,
but the latter method awaits the development of long-acting and preferably
orally active testosterone analogs (Weinbauer and Nieschlag, 1993; Wein-
bauer et al., 1994). A variety of non-hormonal substances have also been
tested for their potential as a male anti-fertility agent, but non-reversibility
and/or toxicity problems have precluded their practical use, as for example
with gossypol (National coordinating group of male contraceptive studies,
1981). The second approach is the use of immunological methods. Two such
methods have received attention recently. The first is vaccination against
GnRH in combination with testosterone supplementation (Ladd et al.,
1988). The second method is immunization with FSH (follicle stimulating
hormone) which does not need (frequent) supplementation of testosterone.
This method has been investigated less intensively for a number of practical
reasons as outlined below. However, a contraceptive method in which
spermatogenesis is selectively impaired without disturbing sexual function-
ing is most attractive. Therefore, the possibilities for the development of a
contraceptive FSH-vaccine deserve more attention. For the development of
male contraceptive vaccines much can be learned from the development of
those for women, which are in far-advanced stages of development (Talwar,
1994; Talwar et al., 1994).

The use of FSH as a contraceptive vaccine goes back many years, when
oFSH or its f-subunit were used to immunize rats and bonnet monkeys. All
monkeys became oligospermic but no animal became azoospermic. How-
ever, none of the immunized animals was fertile as measured by the
pregnancy-rate of proven fertile females (Moudgal, 1981; Murty et al.,
1979). Thus, immunization against FSH or its #-subunit offers the possibil-
ity for use as a contraceptive vaccine in male primates, including humans.

FSH is a glycoprotein closely related to LH (luteinizing hormone), TSH
(thyroid stimulating hormone) and CG (chorionic gonadotropin). Within a
species these 4 hormones share a common x-subunit and possess a distinct
f-subunit which determines hormone specificity (Pierce and Parsons, 1981).
Interspecies sequence homologies are generally high, ranging from 80-90%
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identical amino acids among x-subunits and among f-subunits. The human
x-subunit is an exception, having a relatively low homology of ~ 70%
compared with the z-subunits of other species (Fig. 1). The FSH f-subunits
of different species also show considerable homology and, though to a lesser
extent, there is also homology with the f-subunit of LH. For hCG it has
been shown that the x- and f-subunit although having low sequence
homology share the same tertiary folding (Lapthorn et al., 1994; Wu et al.,
1994). Therefore, the likelihood of developing cross-reactions is quite high.
Moudgal (1981) does not, however, mention the cross-reactivity of anti-
FSH sera with LH. Murty et al. (1979) used passive immunization with sera
cleared of anti-LH antibodies because these workers knew that the sera
were raised with an LH-contaminated FSH preparation. In most reports
describing epitope mapping of FSH mention is made that cross-reactive sera
have been removed (e.g. Hojo and Ryan, 1985; Berger et al., 1983).
However, the percentage of the FSH-antisera which are cross-reactive with
LH is not given and in most reports cross-reactivity is not detected at the
level of bioactivity.

We therefore investigated whether cross-reactivity is a problem by immu-
nizing rabbits against FSH of ovine, human and bovine origin. The antisera
were tested on inhibition of FSH and LH in bioassays. Furthermore, the
sera were analyzed using systematic peptide-based methods (PEPSCAN) to
analyze differences between FSH specific and non-specific sera.

2. Materials and methods

2.1. Animals

White New-Zealand rabbits and 3-week old Wistar rats were purchased
from Charles-River Company, Germany and kept under standard labora-
tory conditions.

2.2. Immunization protocol

Two rabbits were immunized against ovine (o) FSH (R672 and R675)
and 1 rabbit was immunized against human (h) FSH (R676). FSH was
given in the amount of 10 ug, dissolved in phosphate buffered saline pH 7.2.
hFSH and oFSH, for R672 only, were emulsified in complete Freund’s
adjuvant (CFA). The other oFSH vaccine (R675) was given adsorbed to
aluminium hydroxide gel (alum). Boosters of the same amount were given
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in incomplete (I-)FA after 6 and 12 weeks in the CFA group and the
alum rabbit was given boosters after 4 and 8 weeks. All vaccinations were
given subcutaneously. The CFA-rabbits group were bled after 17 weeks
and the alum rabbit after 14 weeks. These three raised antisera are abbre-
viated as o CFA, o alum and h CFA, respectively, throughout this
report. An antiserum against bFSH («bFSH) was a gift from Dr. Closset
of Liége, Belgium. This antiserum was induced by immunizing a rabbit
with bFSH emulsified in CFA intradermally. oFSH is NIADDK-oFSH-
16 AFP-5592C of the NIADDK-NIH, Bethesda MD, and hFSH is
NIDDK-hFSH-I-SIAFP-1 AFP-5720D of the NIDDK-NIH, Bethesda
MD.

2.3. Immunological characterization of antisera

FSH-ELISAs were done in 96-well plates (Greiner) as described by
Berger et al. (1988) with the following modification: FSH (25 ng/well) was
coated in a 0.05 M Na,CO; buffer pH 9.6 for 1 h at 37°C. Peptide
ELISAs were done in similar plates. The wells were pre-coated with 0.2%
glutaraldehyde in 0.1 M NaH,PO, buffer pH 5 for 4 h at RT while
shaking. Plates were washed successively with the pH 5 buffer; 0.1 M
NaH,PO, buffer pH 6 and 0.1 M Na,HPO, buffer pH 8. Peptides were
dissolved in pH 8 buffer (1 xg/100 ul) and coated for 3 h at 37°C. Plates
were stored at — 20°C until use. The second antibodies were coupled to
horseradish peroxidase (DAKO, Denmark) and ABTS (Bochringer,
Mannheim) was used as the substrate. Antisera and second antibodies
were diluted in buffer containing 4% horse serum.

The peptides used in the peptide ELISA are described in Table 1. The
peptides were made on an ABI 430A synthesizer (0.25 mmol scale) or by
hand (0.015 mmol scale) using Fast moc synthesis as described by Fields
et al. (1991).

Dotblot assays were done by dotting 25 ng of FSH per dot on nitro-
cellulose. Dotblots were dried overnight at RT after which the paper was
stored at — 20°C until use. The antisera were analyzed on capability of
detection of FSH as described by De Blas and Cherwinski (1983). The
second antibodies were the same as those used in the ELISA.

Using the PEPSCAN method (Geijsen et al., 1984), antisera were tested
for recognition of all overlapping 9- or 12-mer peptides of hFSH and
oFSH. In short, all overlapping peptides of the same length of a protein
are synthesized on polyethylene rods and these rods are tested in an
ELISA procedure. In this way many peptides can be scanned for activity
towards an antiserum.
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2.4. Biological activity of antisera in vitro
2.4.1. Sertoli cell assay

Sertoli cells were isolated from the testes of 3-week old Wistar rats as
described by Oonk et al. (1985) with the following modifications. The
isolation medium contained 5 mg/l DNAse (Sigma) and between the double
collagenase digestion the tubular fragments were washed 4 times. The
Sertoli cells were cultured in MEM (Eagle’s MEM, Gibco, Grand Island,
NY, USA) with 2 mg fungizone (Squibb, Princeton, NJ), 1 mg penicillin, 1
mg streptomycin, 10 ml non-essential amino-acids (Gibco) and 10 ml fetal
calf serum per litre (MEM-FCS) in 24-well plates (Costar). On day 3 the
cells were given a hypotonic shock with 10% MEM for 2.5 min (Oonk and
Grootegoed, 1987) after which the medium was replaced with MEM
supplemented with 0.1% BSA (Sigma A-7888). On day 4 the cells were
washed twice with MEM and incubated for 1 h in MEM supplemented with
4 x 10~* M isobutylmethylxanthine (IBMX) (Sigma, St. Louis, MO), a
phosphodiesterase inhibitor, and the substances to be tested. As a positive
control, forskolin (Calbiochem) in a concentration of 107> M was used.
cAMP was measured with a cAMP RIA kit (Amersham).

For determination of 178 estradiol (E.) synthesis the hypotonic shock
was omitted and MEM-FCS was replaced on day 4. On day 7 the cells were
washed twice with MEM and incubated in MEM-IBMX containing 4.5 x
10-7 M testosterone and the substances to be tested for 48 h. E, was

Table 1

Peptides used in the peptide ELISA

nr Sequence Peptide

1 obx26-45 *GAPIYQCMGCCFSRAYPTPA #
2 hz31-49 *CCFSRAYPTPLRSKKTMLYV #
3 0x49-66 *KTMLVPKNITSEATCCVA #

4 rx69-85 *FTKATVMGNARVENHTE #

5 hx73-92 GFKVENHTACHCSTCYYHKS
6 hp9-19 *TIAIEKEECRF #

7 hof28-40 *CAGYCYTRDLVYK #

8 hf33-53 YTRDLVYKDPARPKIQKTCTF #
9 hf81-95 QCHCGKCDSDSTDCT #

The numbering of the sequences is similar to the numbering in Table 2. Before the sequence
in one letter code the species is mentioned: o is ovine, b is bovine. h is human and r rat
sequence; « or 8 subunit is indicated and the position of the peptide on the x or § subunit.
Amino acids are indicated by the single letter code. *Indicates acetylation of the N-terminus
and # indicates amidation of the C-terminus.
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measured with an RIA kit (DPC Laboratories, Los Angeles, CA). Total
protein content of the wells was determined with the Lowry method
(Lowry et al., 1951) using bovine serum albumin (Fraction V, Sigma)
as the reference standard.

2.4.2. hFSHR cell-line assay

Y1 mouse adrenal cells, stably transfected with the cDNA for the
human FSH receptor, were kindly donated by Ares Advanced Technol-
ogy (Randolph, USA). These cells respond to FSH stimulation with
cAMP accumulation, progesterone synthesis and a change in cell shape.
Unstimulated cells grow flat on the surface, but after stimulation with a
cAMP-stimulating agent the cells round off. This change in shape is
maximal after 2-3 h, disappears after ~7 h and can easily be followed
by light microscopy. The rounding off shows good correlation with the
cAMP accumulation (data not shown). Cells were plated in 96-well
plates in Ham’s F10 medium (GIBCO) supplemented with 2 mM L-glu-
tamine. The incubation was carried out in Ham’s F10 medium. Concen-
trations of FSH used were: hFSH, 4 ng/ml and oFSH, 30 ng/ml.
Antisera were tested in various concentrations as indicated in the Re-
sults section. After 2 and 4 h the rounding off was examined.

2.4.3. Leydig cell assay

This assay was performed as described by van Haren et al. (1989). In
short, a preparation of 24-day old rat Leydig cells in a concentration
of 1 x 10° cells/well of a 48-well plate was made. The cells were incu-
bated on day 0 with a submaximal concentration of either oLH, hCG
or hLH (all 1 ng/ml) and with or without antiserum at a 1/100 or
1/1000 dilution. The incubation media further contained 5 uM SU-
10603 and 5 uM epostane to prevent metabolism of pregnenolone. The
amount of pregnenolone was determined by RIA.

2.5. Statistics

Data for the Sertoli cell cultures cAMP- and E,-production were
tested for significance by the Student-Newman-Keul’s multiple compari-
sons test after one-way analysis of variance.
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3. Results

3.1. Immunological activity of the FSH-antisera

All immunizations induced production of antibodies as determined by
ELISA and dotblot (Table 2). In the ELISA the xbFSH antiserum
cross-reacted with oFSH and hFSH. In the dotblot assay the h CFA
antiserum cross-reacted with oFSH. The xbFSH serum was not tested
in the dotblot assay or in the Sertoli cell assay on E, formation or in
the hFSHR assay due to limitation of the available amount of anti-
serum. Differences in cross-reactivity of the antisera between the two
assay systems indicate that different epitopes are being exposed.

3.2. Biological activity of the FSH-untisera

The biological activity of the antisera in vitro was determined in Ser-
toli cell-, hFSHR cell- and Leydig cell assays (Table 2). All four antis-
era inhibited the bioactivity of FSH to some extent. In the Sertoli cell
assay antisera were tested only against the species FSH with which they
were raised, except the xbFSH antiserum which had to be tested
against oFSH. We used oFSH because the ovine sequence displays the
greatest similarity to the bovine amino acid sequence (Fig. 1), and
bFSH was not available to us. The o alum antiserum inhibited only
oFSH-induced ¢cAMP accumulation and not oFSH-induced E, forma-
tion, whereas the o CFA and h -"FA antiserum could inhibit both
FSH-induced cAMP accumulation and FSH-induced E. formation. The
h CFA antiserum displayed the most potent inhibition of FSH activity
in both the Sertoli cell assay and the hFSHR assay. The o CFA anti-
serum, the o alum antiserum and the xbFSH antiserum inhibited oFSH
activity in the hFSHR assay equally potently (Table 2).

More interspecies cross-reactions were observed in the bioassays than
in the ELISA and dotblot assays. Both the o CFA antiserum and the
h CFA antiserum inhibited o- and hFSH-stimulated change in celi
shape. The antiserum against bFSH which recognized oFSH and hFSH
in the FSH-ELISA was able to suppress oFSH-stimulated cAMP accu-
mulation in the Sertoli cell assay at a 1/125 dilution (Table 2). Appar-
ently, the cross-reactions in bioassays are determined by more and/or
different epitopes than the cross-reactions found in ELISA and dotblot
assays.

Functional cross-reactions with hLH, hCG or oLH were determined in
the Leydig cell assay (Table 2). The o alum antiserum was the only serum
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that inhibited oLH-induced pregnenolone production, whereas the h CFA
antiserum was the only serum that inhibited hCG-induced pregnenolone
production. Both h CFA antiserum and the «bFSH antiserum inhibited
hLH but the h CFA antiserum had greater potency. The o CFA antiserum
was the only serum that did not crossreact with oLH, hLH or hCG.

3.3. Epitope mapping of the FSH-antisera

To detect possible differences between the sera cross-reactive in the
Leydig cell assay and the o CFA antiserum not cross-reactive in this assay
all four sera were scanned for epitopes. Two methods were used to map the
epitopes, the PEPSCAN method and the peptide ELISA (Table 2). The
PEPSCAN screenings of all four antisera against different FSH-sequences
are also illustrated in Fig. 2. Significant antibody binding of the o CFA
serum was found with peptides f37-48 (VYKDPARPNIQK) to f44-55
(PNIQKACTFKEL) (ovine sequence) which have the core sequence
PNIQK, and peptides $50-63 (FKELVYETVKVP). The epitope around
peptide number 40 represents a part of the long loop (Lapthorn et al.,
1994). The o CFA antiserum also recognized the corresponding peptides of
the porcine sequence, whereas recognition of the human sequence was not
significant. All other antisera did not show antibody binding to this set of
peptides in the PEPSCAN. The three single neptide recognitions of abFSH
antisera (one in the humseq PEPSCAN and two in the porcseq PEPSCAN)
are most probably not representative of a linear epitope. A single peptide
recognition is more likely the result of this peptide mimicking a discontinu-
ous epitope.

In the peptide ELISA the binding of the antisera to different synthetic
peptides representing parts of the FSH «- or f-subunits was measured
(Table 2). These peptides (listed in Table 1) were chosen because they were
expected to be solvent accessible, and the peptides 273-94 (carboxy termi-
nus), £33-53 (long loop) and #81-95 (determinant loop) are considered to
be important in FSH-receptor interaction (Yoo et al., 1993; Santa-Coloma
et al., 1990; Campbell et al., 1991). The o CFA antiserum recognized all
peptides except for the determinant loop. The sequences 2 (x31-49) and 7
(828-40) were recognized more strongly than the other peptides by the o
CFA antiserum. The o alum antiserum recognized peptides 2 (x31-49), 4
(x68-85), 5 (x73-92) and 8 ($33-55). The h CFA antiserum recognized
peptides 2 (231-49), 5 («73-92), 7 ($28-40) and 8 ($33-53). Recognition
level of peptides by o alum- and h CFA antiserum was usually lower than
by the o CFA antiserum. The abFSH serum recognized peptides 2 (231—
49), 3 (x49-66) and 7 (#28-40) strongly and reacted with peptides 4
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Fig. 2. PEPSCAN profiles of the antiserum obtained after immunization with ofSH
emulsified in CFA (0CFA), of the antiserum obtained after immunization with oFSH
adsorbed to aluminium gel (o alum), of the antiserum obtained after immunization with hFSH
emulsified in CFA (h CFA) and the anti-bovine FSH serum (xbFSH). The sera were tested in
a 1/100 dilution against all overlapping 12-mer peptides of the # chain of oFSH (ovaseq), all
overlapping 12-mer peptides of the § chain of porcine FSH (porcseq), all overlapping 12-mer
peptides of the f# chain of human FSH (huiaaseq) or against all overlapping 9-mer peptides of
the B-subunit of human FSH (humseq). The y-axis shows the optical density at 405 nm. The
x-axis shows the short peptides ranked from the N-terminus to the C-terminus.
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(269-85), 5 (273-92), 6 (9-19) and 8 (f33-53) at a level comparable to
that of o CFA antiserum. In general, differences are found in the potency of
the four antisera to recognize different peptides. However, for all antisera,
binding to the entire FSH molecule was much stronger than binding to any
of the FSH peptides.

4. Discussion

Immunization with FSH offers the possibility for use as a contraceptive
vaccine in males. However, the chance of developing cross-reactivity with
LH is quite high as these hormones share the same « subunit and have some
sequence similarities between the £ subunits (Pierce and Parsons, 1981).
Furthermore, at least for hCG, it is known that the «- and f-subunit have
the came tertiary folding (Lapthorn et al., 1994; Wu et al., 1994). This
report describes the epitope mapping of polyclonal cntisera against FSH
using an ELISA with short linear peptides and the PEPSCAN method. The
ability of these antisera to inhibit the biological activity of FSH in two
different bioassays and the anti-LH activity in a Leydig cell assay were also
assessed. In our experiments all four antisera (two anti-ovine, one anti-
Lovine and one anti-human FSH) were able to neutralize FSH in two
bioassays. However, out of the four biologically active antisera only one
exclusively inhibited FSH. The three other sera cross-reacted with LH/CG:
one inhibited oLH, one inhibited hCG and one inhibited both hLH and
hCG in a Leydig cell bioassay. The cross-reactions of the bioactive anti-
FSH antisera with hLH, oLH or hCG stress the necessity to design a
peptide vaccine because only an FSH-specific peptide vaccine can prevent
undesired cross-reactions with other hormones.

LH, CG (if present) and FSH share the same «-subunit within a species
whereas between most species the a-subunit is well-conserved. However, the
human «-subunit is an exception, having a relatively low homology of
~ 70% compared with the «-subunits of other species (Fig. 1). The cross-re-
actions of the o alum antiserum with oLH and the h CFA antiserum with
hCG and hLH are therefore most likely mediated via epitopes on the
«-subunit which are not shared between ovine and human a-subunits. The
inhibition of hLH and not hCG by the «bFSH antiserum can be explained
in several ways. Firstly, the cross-reaction with hLH and not hCG could be
mediate:] by an epitope on hLH which is not shared with hCG and
therefore must lie on the B-subunit or at the interface of the - and
B-subunit; however, these differences are likely to be small. Secondly, an
epitope could be present on both hLH and hCG which is shielded on hCG
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by the carboxy terminal extension of hCG. Although the xbFSH serum
recognized peptide 3 (x49-66 ovine sequence) this serum did not react with
oLH. The most likely explanation for this puzzling result is that this epitope
is exposed in a different way on the x subunits of FSH and LH. The same
applies to the o CFA antiserum which also, although at a lower level,
recognized this peptide and did not cross-react with o LH. The strong
inhibition by h CFA antiserum of hFSH and hLH/hCG suggests that a high
affinity receptor binding site is involved. According to the theory of
Combarnous (1992), this site although not receptor specific, could lie on the
a-subunit together with the signal transducing site. For hCG (part of) this
signal transducing site has been elegantly demonstrated by Ji et al. (1993).
A second possibility is recognition of one or more epitopes comprising
sugar residues which are also important in receptor activation (Sairam and
Bhargavi, 1985). In contrast, the #-subunit bears a site with low affinity but
high specificity for the receptor, namely £81-95 (Campbell et al., 1991). In
this theory £33-53 is a second binding place though with stimulatory
properties (Santa-Coloma and Reichert, 1990; Santa-Coloma et al., 1990).
The sequence #81-95 would be, based on its specificity, the most interesting
for vaccination, however, in our experiments none of the antisera recog-
nized this sequence.

The cross-reactions of the o alum-, h CFA- and «bFSH antisera with
oLH or hCG and/or hLH cannot be mediated by epitopes represented by
peptides 1-8 because these peptides are all well-recognized by the o CFA
antisesrum which does not cross-react with LH/CG. For one of these
peptides nr 8 (§33-55 also known as the ‘long’ loop; Lapthorn et al., 1994)
this lack of cross-reactivity was also observed by Labbe-Jullié et al. (1992)
using TSH-peptides to elicit antipeptide antibodies. These authors found
that the antiserum raised to TSHf31-51 (the corresponding sequence of
the long-loop in TSH) did not cross-react with FSH or LH, in contrast to
antisera to all other TSH-peptides. Reciprocally, it has to be confirmed that
the long loop of FSH elicits antibodies that specifically neutralize FSH
activity and do not cross-react with TSH or LH. The data above suggest
that this is the case.

The long loop epitope has also been found by Butterstein et al. (1993) in
vaccination experiments with #FSH in female rats and by Vakharia et al.
(1990), however, cross-reactivity with #LH was not examined. This site was
not predicted by Krystek et al. (1985) who used a modification of the
method of Hopp and Woods (1981) to predict immunogenic sites of the
p-subunit of hFSH and oFSH. However, the site #9-19, which is recog-
nized by all antisera, was predicted using this method.

PEPSCAN analysis revealed one immune serum (o CFA) that specifically
recognized the sequence $37-55 (Table 2) which is considered important
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for FSH-receptor binding. One reason why only in one serum one epitope
could be confirmed by PEPSCAN analysis could be that PEPSCAN analy-
sis detects linear epitopes, but not discontinuous epitopes nor epitopes
which include sugar residues. Another reason could be the length of the
peptides. Longer peptides, having more similarity to FSH, would probably
be recognized more easily by the different antisera. Moudgal et al. (1989)
observed that intact oFSH but not the f-subunit of oFSH could induce
neutralizing antibodies, indicating that the correct conformation of FSH is
necessary to obtain good antisera capable of inhibiting the biological
activity of FSH. In this respect peptides might more closely resembie whole
FSH than separate subunits, as the conformation of the subunits is strongly
dependent on binding to each other (Strickland and Puett, 1982; Lustbader
et al.,, 1987), whereas peptides are more flexible and in general do not
possess a rigid conformation. For Foot and Mouth Disease Virus it has also
been shown that immunization with peptides gives better results than
immunization with separate subunits (Pfaff et al., 1982; Bittle et al., 1982).
However, in the PEPSCAN method peptides are only 9 or 12 amino acids
long, which might be too short to give the necessary resemblance to FSH,
unless a linear epitope is present in the tertiary siructure of FSH. In the
structure described for hCG (Lapthorn et al., 1994; Wu et al., 1994) the
long loop has indeed two parts (namely the two strands) which might
expose linear epitopes. This might also explain why the observed epitope is
divided in two parts (Fig. 2): the bend in the long loop is, of course, not
linear.

Whereas cross-reactions between FSH, oLH and hCG are undesirable,
cross-reactions between the FSHs from different species are warranted. In
that case the epitope responsible for this cross-reaction can be used to
immunize different species. The cross-reactivity of h CFA antiserum with
oFSH occurred via peptide 2 (231-49), 5 (¢73-92) and/or 8 (#33-53)
and/or via discontinuous epitopes. The results of the peptide ELISA (Table
2) suggest that linear epitopes could be epitopes of both h CFA- and o CFA
antisera. Cross-reactions quite often are used in assay kit systems to
measure the amount of FSH of different species, but cross-inhibition of
bioactivity of FSH has been little studied. Measurement of cross-reactivity
in a bioassay is even more complicated than detection of cross-reactivity by
other methods because, in addition to the interspecies cross-reactions,
competition of antisera with the FSH-receptor for FSH also occurs. For
instance, cross-reaction of oFSH antisera with hFSH competes for the
native receptor (in the hFSHR assay) whereas in the reciprocal situation
(hFSH antisera and oFSH) the receptor is also non-native. We found only
low levels of interspecies cross-reactivity. However, in the successful experi-
ments of Moudgal (1981) monkeys were immunized with oFSH, indicating
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that cross-reactivity was sufficiently strong to obtain a contraceptive vac-
cine.

In conclusion, we found that antisera induced to whole FSH in 3 out of
4 cases cross-reacted with LH/CG, showing that entire FSH, in addition to
being too costly, is unacceptable for use as a vaccine specifically and only
suppressing spermatogenesis. Furthermore, we describe the delineation of
an epitope of oFSH (#37-55, a part of the long loop) linked to the ability
to inhibit FSH- but not LH bioactivity, and recognized in a linear context.
These results suggest that the peptide f37-55 may be a primary candidate
to be used in a peptide vaccine able specifically to neutralize FSH in vivo.
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