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Summary

Objective: To determine and compare the immunolocalization of functionally important antigens in human spermatozoa in an unex-
plained infertility (UI) group. Materials and Methods: In this study, the sperm samples of 20 patients undergoing evaluation belong-
ing to normozoospermic group, whose primary reason of infertility was under investigation for this purpose, were screened. CD46,
CDS55 and CD52, CD69, CD98, fMLP, HI307, and 80280 were stained on the spermatozoa through indirect immunofluorescence tech-
nique. Results: In addition to CD46, CD55, and CDS52 antigens, which are known to be localized on human spermatozoa, significant
immunolocalization of several novel antigens including: CD52, CD69, CD98, fMLP, HI307, and 80280 were determined on the sper-
matozoa of the unexplained infertility group, possibly reflecting important roles in the pathophysiology of such unresolved clinical
situations. Conclusion: Identification and characterization of antigens present on sperm cells is crucial for understanding of the diag-
nosis and treatment of unexplained infertility. Further studies were conducted to evaluate a possible correlation between the expres-

sion of these antigens and clinical outcomes in different well-defined infertility groups.
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Introduction

Fertilization is a complex process involving numerous
molecules, cell-cell, and cell-matrix interactions. For suc-
cessful fertilization, the spermatozoa must undergo a
cascade of events including capacitation, hyperactivation,
acrosome reaction, binding to the zona pellucida, pene-
tration through the zona pellucida, and fusion with the
plasma membrane of oocytes [1]. Several families of
molecules such as complement regulatory proteins,
tetraspans, ADAM proteins, integrins, and others have
been shown to be involved in this process [2]. Most of
these molecules are not restricted to the reproductive
system, but also play essential roles in a variety of
immune reactions. Thus the function of these molecules
is still unclear and the mechanisms controlling this
complex event is not yet completely understood. Chemo-
taxis and activation of reactive oxygen intermediates
(ROI) are also important components of the fertilization
process; consequently, chemotactic factors and their
receptors on spermatozoa are under intensive investiga-
tion [3-5].

Unexplained infertility (UI) refers to a diagnosis made
in couples where standard investigations including semen
analysis, tests of ovulation, and tubal patency are normal.
UI still accounts for some 10% to 25 % of all cases of
infertility. The pathophysiology of unexplained male
infertility is still poorly understood, and various diagnos-
tic tests are unable to determine the underlying cause of
sperm dysfunction. Most possible causes of Ul seems to
be any disorder in the molecular interactions between
sperm and oocyte in the reproductive environment [6, 7].
Thus any information on these molecules and/or their
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functions is of critical importance. The authors attempted
to determine the antigenic profile of spermatozoa of
normal individuals and Ul patients at the light-
microscopy level using several monoclonal antibodies
(mAbs), some of which are reactive with previously
reported antigens, while some others are introduced in
the present study. The aim of this study was to determine
and compare the immunolocalization of these antigens in
normal and UI groups. In the future, the authors intend to
extend these studies to the ultrastructural level for more
precise localization.

Materials and Methods

The human semen samples were collected in sterile plastic
containers through masturbation by unexplained infertile
patients (n = 20) each with three consecutive conception failures
on intrauterine insemination (IUI) attending the ART clinic in
Hacettepe University Medical School, as well as from healthy
proven-fertile donors (n = 6) after an abstinence of three to five
days. The ejaculates were allowed to liquefy for 30 minutes, and
semen parameters were analyzed according to World Health
Organization (WHO) guidelines [8].

Sperm counts of UI subjects were similar to those of men of
the proven-fertile group. It was ensured that each subject in both
groups was married and lived with his spouse for two or more
years without any recorded conception. All spouses were found
normal after strict gynecological assessment. The controls had at
least one child and had routine semen analysis within the normal
range, according to WHO 1999 guidelines. Necessary approval
was given by the institutional review board to perform the study.

After initial wash with human tubal fluid (HTF) medium, the
spermatozoa were smeared onto a clean glass slide coated with
gelatine and the smear was allowed to dry at room temperature.
Slides were fixed in methanol for ten minutes and air-dried for
at least 30 minutes. Slides were then incubated for 60 minutes
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Table 1. — Monoclonal antibodies used.

Primary antibody Clone Isotype
CD46 122-2 mGl
CD52 FL-61 mG1
CD55 BRIC216 mGl1
CD69 UN6 mG-2a
CD98 MEM-108 mG1
5F1 5F1 n/a
80280 n/a n/a
HI307 HI307 n/a

with primary mAbs (Table 1). After washing in 0.01M phos-
phate buffered saline (PBS) pH 7.4, the slides were covered with
mouse immunoglobulins/FITC labelled secondary antibody,
except for CD52 monoclonal antibody for 30 minutes, washed
in PBS 3 for ten minutes and covered by one drop of propidium
iodide/antifade solution. Anti-rabbit [gG-FITCH secondary anti-
body was used for CD52 monoclonal antibody. Immunofluores-
cent labelled sections were then examined and photographed
using a microscope.

Results

Complement regulatory/related proteins

CD46

Membrane cofactor protein (MCP; CD46) represented
one of the most strongly-expressed antigens in human
sperm. Extensive expression of this antigen in both groups
provided a positive control for this technique. The main
site of localization of the antigen was the acrosomal com-
partment of the sperm head (Figures 1A, B). In the control
(normal) group a similar reaction was present. In the sper-
matozoa exhibiting abnormal head morphology (swollen
or irregularly enlarged), a crescent-shaped reaction was
confined to the tip of sperm head possibly representing an
abnormal acrosome (Figures 1C-E).

CD52

CAMPATH-1 antigen exhibited a unique expression on
the post-acrosomal membrane region in the Ul group
(Figures 2A, B). A similar but weaker reaction was
observed in the control group (Figure 2C). There was also
a weak reaction on the midpiece and initial segment of
sperm tail in some spermatozoa of the control group
(Figures 2D, E).

CD55

Decay accelerating factor (DAF) was expressed in the
acrosomal region, midpiece, and the tail of the spermato-
zoa in the UI group being most strong in the midpiece
(Figures 3A, B). There was a restricted reaction in the
midpiece in some samples of the control group (Figure
3C). A weaker reaction was present in the acrosomal
region in the control group (Figures 3D, E).

Activation antigens

CD69

Activation inducer molecule (AIM) was expressed in
the acrosomal region, equatorial segment, midpiece, and
tail in the UI group, being stronger in the equatorial
segment and midpiece (Figures 4A, B). There was no sig-
nificant reaction in the control group (Figure 4C).

CD98

Activation antigen 4F2 was expressed in the acrosomal
region, midpiece, and tail in the majority of the sperma-
tozoa in the Ul group (Figure 5A). Both diffuse and
patchy reaction patterns were present in the acrosomal
region (Figures 5B, C). However different staining pat-
terns were also observed in this group. In some of the
spermatozoa, the reaction was confined to the midpiece
and tail regions and absent in the acrosome (Figure 5D).
No significant reaction was observed in the control group
(Figure SE).

Novel mAbs from human leukocyte differentiation antigens
(HLDA) 7" and 8" Workshop blind panels

SFI1(fMLP)

This antigen was another example of a very unique
expression in the UI group. The reaction was present on
the equatorial segment, being stronger at both edges, and
in the midpiece resembling the corners of a triangle
(Figures 6A, B). In some spermatozoa, a patchy reaction
was present also in the acrosomal region (Figures 6C, D).
There was a moderate reaction in the tail as well. No sig-
nificant reaction was observed in the control group
(Figure 6E).

80280

In the UI group, the acrosomal region was diffusely
stained. There was also a moderate reaction in the tail
(Figure 7). No significant reaction was seen in the control

group.
HI307

The main reactive site for this antigen in the UI group
was the midpiece and the tail (Figure 8A). Reaction inten-
sity in the midpiece was quite strong (Figure 8B). No sig-
nificant reaction was seen in the control group.

Discussion

Characterization of cell differentiation and maturation
relies on structural observations and/or cell specific
expression of specific transmembrane or cytoplasmic
antigens. However data arising from recent studies
revealed that different cell types share a number of anti-
gens which have recently been classified into several
familes of proteins according to their molecular struc-
tures and/or functions. Thus investigators work on anti-
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Figure 1. — Localization of CD46. a, b: CD46 localization on the acrosomal compartment of the spermatozoa head in the UI group;
¢, d, e: acrosomal localization of CD46 in the control group.

Figure 2. — Localization of CD52. a, b: CD52 antigen localization on the post-acrosomal membrane region in the UI group; ¢: post-
acrosomal membrane CD52 expression in the control group; d, e: weak CD52 reaction on the midpiece and initial segment of tail in
some spermatozoa of the control group.

Figure 3. — Localization of CD55. a: CD55 localization on the acrosomal region, midpiece, and tail of the spermatozoa in the Ul
group; b: strong reactivity with CD55 in the midpiece of the spermatozoa in the UI group; c: restricted CD55 reaction on the mid-
piece in some samples of the control group; d, e: weaker CD 55 reaction on the acrosomal region in the control group.

gens on the cell groups of their interest for two main  their characterization; (ii) determination of antigens with
goals: (i) determination of antigens which are specific to ~ known functions in other systems of the organism to
a cell reflecting their differentiation/maturation state for ~ obtain evidence of a similar function in the cells of inter-
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Figure 4. — Localization of CD69. a, b: CD69 localization on the acrosomal region, equatorial segment, midpiece and tail in the Ul

group; ¢: no significant CD69 reaction in the control group.

Figure 5. — Localization of 4F2. a: 4F2 localization in the acrosomal region, midpiece and tail in the majority of the spermatozoa
in the UI group; b: 4F2 expression in the midpiece and tail regions being absent on the acrosome in UI group; ¢, d: both diffuse and
patchy staining patterns with 4F2 in the acrosomal region in Ul group; e: no significant reaction with 4F2 in the control group.

Figure 6. — Localization of 5F1. a, b: 5F1 localization on the equatorial segment being stronger at both edges and in the midpiece
resembling the corners of a triangle in the Ul group; ¢: patchy staining pattern with 5F1 in the acrosomal region in the UI group; d:
moderate 5F1 reaction in the tail of the sperm in the UI group; e: no significant reaction in the control group

Figure 7. — Localization of 80280. Diffuse acrosomal and moderate tail staining with 80280 in UI group

Figure 8. — a, b: localization of HI307. HI307 reactivity on the midpiece and tail in the UI group.

All scale bars represent five pm.

est. Regarding the yet unsettled mechanisms of the
complex reproduction process, the authors studied the
antigenic profile of spermatozoa belonging to fertile and
unexplained infertility groups to obtain some evidence to
direct further studies. For this purpose, they used both
monoclonal antibodies to known antigens and some
others which have not been studied on spermatozoa pre-
viously and obtained valuable data. Following a screen-
ing study using large numbers of monoclonal antibodies,
only those of interest which provide initial findings to
explain some of the mechanisms leading to IU are pre-
sented in this paper.

Expression of complement regulatory proteins CD46,
CDS55, and CD59 on inner acrosomal membrane of sper-
matozoa has been previously reported [9-15]. The
authors studied CD46 and CD55 expression together
with CD52, a GPI-anchored surface glycoprotein, which
is also known to be expressed on spermatozoa for com-
parison of spermatozoa from fertile and UI groups, also
serving as a positive control. Both CD46 and CD55 were
expressed on the acrosome in control and IU groups,
however the intensity of CD55 expression in the fertile
group is relatively weaker. CD46 is strongly expressed
also on the spermatozoa with structural abnormalities,
reflecting the structural deformities of the acrosomal
vesicle. Thus CD46 antigen can be considered as a con-
stitutive antigen being present in the spermatozoa, also
providing a positive control for the technique used.
CDS5S5 expression shared variations, especially in the
control group as a sign of maturational change reflecting
the heterogeneity of the spermatozoa population in the
smears. In the control group, reaction intensity was
weaker in the acrosomal region, being the strongest in
the midpiece in both groups. This observation leads to a
conclusion that strong expression of CD55 on acrosome
may be involved in a mechanism leading to IU, which
should be confirmed.

CD52 (CAMPATH-1) antigen is known as an antigen
exclusively expressed by immune system cells and epi-
didymal cells transferred on spermatozoa [16-21].
Recently, this antigen was also shown on the mature
cumulus cell mass [22]. In the present study, CD52 was
shown on the post-acrosomal region of the spermatozoa in

both groups. A significant expression on the midpiece in
some spermatozoa of the control group was also evident.
The localization of CD52 antigen strongly suggests a spe-
cific role for this molecule in sperm-oocyte contact, espe-
cially through their glycan moieties. Further ultrastruc-
tural studies should provide added evidence for this
suggestion.

CD69 (activation inducer molecule) is a type II trans-
membrane glycoprotein with a lectin domain being
mainly expressed on activated immune system cells,
similar to CD52 [23, 24]. Expression of this antigen on
spermatozoa, functioning as a signal transmitter on sper-
matozoa, has not previously been reported. This antigen
was expressed on the acrosome, equatorial segment, mid-
piece, and tail of the spermatozoa in the IU group while
no significant expression was determined in the control
group. Thus, CD69 is another candidate molecule leading
to signals initiating some mechanisms that result in TU.

CD98 (4F2), another activation antigen, was also
broadly expressed in the spermatozoa of the IU group,
however its expression was extensively variable when
compared to the other antigens examined. It is reported to
be expressed by a number of activated cells including neo-
plastic ones [25-28]. It is also expressed by trophoblastic
lineage (the authors’ unpublished observations). The func-
tion of this molecule is not entirely known, however it is
believed to serve as an amino acid transporter in some
cells. Expression of this antigen in the IU group, but not
in the fertile group, apparently reflects a deviation in
sperm activation leading to IU.

Another antigen with a unique expression on the sper-
matozoa of the IU group, which has not previously been
reported was TMLP. The fMLP receptor family represents
a group of molecules that receive recently chemotactic
signals from bacteria and mitochondria [29, 30]. Although
it is postulated that members of this receptor family direct
leukocyte traffic, their physiological role is poorly under-
stood.

Presence of such receptors on sperm is not previously
reported. The authors determined a unique expression of
this antigen on the spermatozoa of the IU group, however
no significant reaction was determined in spermatozoa of
the fertile-normal group. This finding apparently reflects
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a targeting mechanism for the spermatozoa of IU patients
leading to a decreased number of normal spermatozoa
incapable of fertilization.

Another novel mAbs from HLDA (human leukocyte
differentiation antigens) 7" and 8" Workshop blind panels
was 80280. In the UI group the acrosomal region was dif-
fusely stained. There was also a moderate reaction in the
tail. No significant reaction was seen in the control group.
Further studies on the characterization of this antigen rec-
ognized by this antibody need to be evaluated.

Human leukocyte antigens (HLA) coded by human
major histocompatibility complex on chromosome 6 rep-
resents a group of transmembrane glycoproteins carrying
out immunological recognition function [31]. Previous
reports on studies in different species including humans,
display controversial findings regarding their expression
[32-35]. The authors detected a significant reaction with
an anti-MHC Class II monoclonal antibody on the post-
acrosomal zone, midpiece, and tail of the spermatozoa
reflecting a possible non-immunological function for
these molecules.

In conclusion, as discussed briefly above, most of the
antigens the authors studied were related to the immune
system, but were also present on spermatozoa. Though the
function of reproductive and immune systems are sepa-
rate, some overlapping molecular mechanisms for similar
functions in the organism are not really surprising and has
been demonstrated for the neuro-endocrine system. Infor-
mation on such molecules will help to better understand
their functions, assisting in revealing the physiological
mechanisms in the complex process of both systems. The
findings of the present study for CD52, CD69, CD9S,
80280, and fMLP will lead to further studies including
immuno-electron microscopy for the precise localisation
of the antigens, comparison of patient groups of unex-
plained infertility, and some functional studies.
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