Evaluation of Different Sperm
Immunization Methods in Mice

Abolghasem Ajami!”, Amir Esmailnejad Moghaddam?, Hasan Motamed

1Department of Immunology, 2Department of Embryology, Sari Medical School, Mazandaran
University of Medical Sciences, Sari, Iran.

ABSTRACT

Background: Antifertility effect of naturally occuring antisperm antibody (ASA) in
infertile couples and studies on experimental immunization of various animals with
sperm antigens represents ASA as immunocontraceptive target. Despite extensive
research on the effects of different factors on sperm immunogenecity and ASA pro-
duction variable result have been reported. Objective: To study whole sperm immu-
nization in mice. Methods: In an experimental study, whole mice sperm with
different adjuvant i.e. complete Freund’s adjuvant (CFA), incomplete Freund’s
adjuvant (ICFA), and cholera toxin subunit-f§ (CTS-f3) were administrated to mice
intramuscularly (IM), subcutaneously (SC), intranasally (IN), intra-peritoneally (IP),
intrarectally (IR), intravaginally (IVA) and orally. Control groups were inoculated
with phosphate buffer saline (PBS) plus corresponding adjuvant. Immunization was
carried out on days 0, 7, 14, 28 and ASA titers were detected by indirect immunoflu-
orescence (IFA) technique in sera and vaginal washes of all groups. The IP group
was further excluded from the study due to high mortality rate. The results were
compared between control and experimental groups by Mann Whitney and Fisher
exact tests. Results: The number of positive mice for ASA in IM, SC, IN experi-
mental and control groups were significantly different (P = 0.01, P =0.01, P = 0.04,
respectively). However, there were no significant differences between IR, IVA, and
oral experimental and control groups. No differences were observed between ASA in
vaginal washing of all groups. Due to high mortality in IP group it was excluded
from the study. Conclusion: It can be concluded that the whole sperm antigen can
induce immune response in female mice by IM, SC, IN but not [AV, IR and oral
administration routes.
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INTRODUCTION

It is well doccumented that germ cell antigens behave more as foreign than as self.
Haploid germ cells in the males do not develop until puberty, long after the fetal or
neonatal period, when self tolerance is established. This leads to the development of
the theory that sperm autoantigens are sequestered behind a strong blood-testis
barrier (1). Thus it can generate an immune response in both males and females as
allo, iso and even auto antigen (2).

Well documented antifertility effects of naturally occurring ASA in infertile couples
and studies on experimental immunization of male or female animals of various
species with sperm antigens represent ASA as an immunocontraceptive target (3,4).
The effect of different factor i.e. antigens, adjuvant and route of administration on
sperm immunogenecity and ASA production have been studied and variable results
have been reported. Whole sperm with CFA injected SC to male and female
Possums indicated an immuno-contraceptive potential for it (5). High levels of ASA
have been detected in sera of mice after SC and IM injection of sperm (6).
Intragastric administration of sperm in female rat induced a wide range of short to
long term infertility (7). This kind of immunization produced secretory IgA in
female genital tract and inhibited sperm activity (8). SC and IM immunization of
mice with specific sperm antigen produced ASA, the levels of ASA peaked at 48-50
days of the initial injection and subsequently declined to the amount of control
group at 255 days (9).

The efficacy of sperm immunization, like other antigens, depends on the nature of
target antigen, route of administration, adjuvant and immunization protocol. In order
to evaluate the effect of administration route on the whole mice sperm immuniza-
tion, it was inoculated into female BALB/c mice through different routes and ASA
titers were measured in sera and vaginal washes.

MATERIALS AND METHODS

Animals. Male and female albino BALB/c mice, weighting 30-40 grams at age of
10-12 weeks and female rabbits, weighting about 2kg at 5-6 months of age were
purchased from Tehran Pasteur Ititute (Tehran, Iran). Animals were individually kept
in an animal house on a 12 hr light/dark cycle.

Sperm preparation. After spinal dislocation of mice, sperm cells were collected in
PBS from tail of epididymis through trans-abdominal epididymal resection.
Collected samples were centrifuged at 302 g for 5 minutes and washed with equiva-
lent volume of PBS for 5 times. The samples were subsequently resuspended in PBS
for further use.

Adjuvants and immunogens. A solution of 3.8-4.2 x 10° spermatozoa/m] of PBS
was emulisified with an equal volume of CFA (Biogen, Mashhad, Iran) and inoculat-
ed IM and SC to the mice as the first immunization dose. The same amount of
sperm, emulisified with an equal volume of ICFA (Biogen, Mashhed, Iran), was
used as booster immunization. For IN, IR and IVA and oral routes of immunization,
66.6 ug of CTS- (Sigma, St. Louis, Mo) was mixed with 1 ml PBS solution
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containing 3.8-4.2 x 10° spermatozoa.

Immunization procedure. Seven different routes of sperm administration were
assayed: IM, SC, IN, IR, IVA, IP and oral. For each routes 15 mice were immunized
by whole sperm mixed with adjuvant (cases) and as control group 15 mice were
inoculated with adjuvant mixed with only PBS. Administrations were carried out on
day 0,7,14 and 28. In all case and control groups, blood samples and vaginal washes
were collected 25 days after the last inoculation. In IM and SC groups 100 ul of pre-
viously prepared solution (sperm and Freund’s adjuvant) was inoculated. 30 ul of
corresponding immunogen solution (sperm and CTS-) was used for IN, IR, IVA
and oral groups. In IP group 100 ul of sperm and CTS-3 was injected into peritoneal
cavity.

Positive and negative control sera. In order to obtain a positive control serum, four
female rabbits were immunized with mice sperm. 0.25 ml of PBS solution contain-

ing 3.5-4.5 x 10° mice sperm per ml was emulsified with 0.2 ml of complete
Freund’s adjuvant (CFA) and injected IM to each rabbit. Boosting was done 14 days
after the first immunization with the same amount of sperm but with ICFA. After 72
hours, blood samples were taken by heart puncture and sera were tested by IFA
technique. A one to five (1:5) dilution of these sera was used as positive control.
Sera prepared from blood sample of healthy rabbits without any injections were
used as negative control.

Antisperm antibody detection. 10 ul of PBS solution containing 2-3 million sperm
per ml was placed in each microwell of immunofluorescense slides (Biogen-
Mashhed-Iran) and air dried. The slides were then fixed in pure acetone for 2
minutes.

Sera and vaginal washes of case and control mice were diluted 1/5, 1/25, 1/100, and
1/200 in PBS. Each microwell was coated with 10 ul of each dilution. 1/75 dilution
in PBS of polyvalent antimouse antibody conjugated with flourescine isothiocyanate
(FITC) and 1/50 dilution in PBS of polyvalent antirabbit antibody conjugated with
FITC (sigma, ST Louis, MO) for positive and negative control microwell were used.
These dilutions were confirmed by positive and negative control sera, slides were
subsequently observed under fluorescent microscope (Leitze-Germany).

Statistical analysis. Fisher exact and Mann-Whitney tests were used for data
analysis.

RESULTS

All but one of the cases in IP group expired during the experimental procedure;
therefore the group was excluded from the study. Mortality was also observed in
other groups. The number of live mice in each case and control groups at the end of
study is shown in table 1.

According to the result of IFA for antisperm antibody in mice sera, significant dif-
ference was observed between number of positive cases and controls in IM, SC and
nasal groups (P =0.01, P=0.01, P = 0.04, respectively). However the difference in
IFA result, among cases and controls in IR, IVA and oral experimental groups was
not statistically significant (Table 2).
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Table 1. The number of live mice in each group at the end of the study.
Total number of mice in each group was 15 at the beginning.

Administration routes Group M SC IR IVA Oral IN 1P
Control 9 9 10 11 15 10 11
Case 7 15 11 11 11 11 1

Table 2. Number of positive and negative mice for ASA in sera of
different case and control groups after immunization.

Administration routes M SC IR IVA Oral IN
Group Result + - + - + - + - + - + -
Control 27 27 - 10 56 - 15 - 10
Case 6 1 103 -11 56 38 4 7

Table 3: Serum ASA titer of positive case and control mice in different
inoculation routes.

Administration routes M SC IR IVA Oral IN
Titer 1/5 1/25 1/5 125 1/5 1725 1/5 125 1/5 1725 1/5 1/25
Groups 1 1 2 - - - 5 - - - - -
Control 1 5 5 5 - - 5 - 3 - 2 2
Case

No significant differences were observed between ASA in vaginal wash of case and
control mice of all experimental groups in different immunization procedures. In
most of the positive cases, the ASA titer was 1/5 and sometimes 1/25, the result are
presented in table 3.

Comparison between the number of positive ASA cases in SC, IM and IN groups
indicated that SC immunization is more effective than IM and IN immunization
methods. Percentages of ASA in sera of case and control mice in different groups
are shown in figure 1.

ASA was detected in vaginal secretions of only two individuals in IM and SC
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Figure 1. Percentage of ASA positive mice in each case and control groups

groups (case) with dilution of 1/5.
DISCUSSION
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Our data indicated that whole sperm administration via IM, SC and IN caused ASA
formation in mice serum, however there were no significant differences between
case and control groups in IVA, IR and oral administration methods. In SC group
the percentage of positive cases of ASA was higher than that of IM and IN groups.
Systemic immunization of female possum with whole sperm reduces their fertility
by ASA formation in serum and vaginal secretion (5). It is well documented that
immunization of a number of different species, including human, with whole sperm
results in fertility reduction due to ASA formation (10,11). IM and SC immunization
of BALB/c mice with specific sperm antigen caused ASA formation in serum (9).
Clinical studies in human suggest that ASA formation in male and female human
results in infertility (14). Contrary to these studies, some experiments emphasize that
whole sperm cannot be employed for development of a vaccine, because several
sperm antigens are present intrinsically and also antigens on the surface of sperms
are likely to be shared with various somatic cells (2,13).

In this study, we did not detect any ASA in vaginal wash of our experimental and
control mice in all groups. Systemic immunization is used successfully in immune-
protection against HSV-2 infection (14,15). SC, IM, and IP immunizations induce
humoral antibody responses in female genital tract in some species including human
(16,17,18,19,20). However systemic immunization with sperm induces only high
levels of serum IgG, which do not correlate with specific antibody in reproductive
tract (21).

It has been shown that mucosal immunization (oral, IN, IR) successfully induces
specific antibody responses in genital tract of animal models and human
(22,23,24,25). However, regarding sperm immunization, conflicting results have
been reported, specially in rectal methods (7,13,26). In our study oral, IN, IR immu-
nizations were not effective in producing secretory immunoglobulin in reproductive
tract. In oral and IR methods systemic antibody also failed. There are several
reasons for the failure of whole sperm mucosal immunization routes in inducing
immune response. Whole sperm antigen may not be presented to mucosal associated
lymphoid tissues, especially in oral and rectal routes of administration. Besides,
surface sperm antigen molecules with CTS-f3 adjuvant may induce tolerance instead
of immunization.

We did not detect any antibody in serum and vaginal wash of mice after intravaginal
administration of sperm. The local immune response induced after direct intravagi-
nal immunogen administration was low (14,27). Such poor immune responses
following vaginal immunization with non replicating antigens are probably due to
the poor permeability of epithelium and natural down regulating mechanism against
sperm (21).

In interpretation and analyzing data of our study the following research limitations
should be considered.

IFA can be informative only about antibody against sperm surface antigen.

Vaginal washing may dilute the antibody concentration in female reproductive tract.
According to the result of this study it can be concluded that mouse whole sperm
can induce humoral immune response, in systemic inoculation and IN administration
routes. However IR, oral and IVA administration of whole sperm is not immuno-
genic even with adjuvant.
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