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OF LIVING SPERMATOZOA BY FLOW CYTOMETRY
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The detection of antisperm antibodies (ASAB) is an important stage in the diagnosis of sterility. Most methods used to
detect antisperm antibodies (sperm agglutination [1}, immobilization [2}, enzyme immunoassay [3], and radioimmunoassay [4])
are aimed at detecting antibodies present in seminal fluid, cervical mucus, or serum, but they do not enable the quantity of
antibodies on the surface of spermatozoa to be estimated; the mixed agglutination reaction test [5] and the IBT test [6] reveal
the localization of antibodies of different isotypes actually on the surface of spermatozoa, but cannot be used to determine the
quantity of antibodies bound with the cells. The aim of this investigation was to estimate the quantity of antibodies of different
isotypes (IgG, IgA, and IgM) on the surface of living spermatozoa by the flow cytometry method (FCM).

EXPERIMENTAL METHOD

To determine ASAB in seminal fluid spermatozoa were washed with phosphate buffer (PB, pH 7.4) and incubated with
mouse monoclonal antibodies to human IgG, IgA, and IgM and then treated with FITC-labeled antibodies to mouse Ig (Beckton,
Dickinson, West Germany). Propidium iodide (PI), which stains only dead cells [6], was added to the suspension of cells in PB.
The "Facscan” cytofluorometer (Becton Dickinson) was used for analysis, 10,000 living cells being studied in each sample (dead
cells were eliminated from the analysis by the computer on the basis of their staining with PI). For quantitative assay of the
different classes of Ig on the surface of the spermatozoa, the mean value of x, expressing fluorescence in conventional units, was
determined for each histogram of distribution of the cells according to their green fluorescence, and compared with the value of
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Fig. 1. Histograms of distribution of spermatozoa by intensity of green fluorescence after incubation with
monoclonal antibodies to human IgG and IgA and with FITC-labeled antibodies to mouse Ig. To determine
nonspecific binding the spermatozoa were stained only with FITC-labeled antibodies to mouse Ig; a, b) speci-
mens of sperm with negative MAR test.

Fig. 2. Analysis of ASAB (IgA) content on surface of spermatozoa after their incubation with cervical mucus. a)
Distribution of cells in coordinates of direct and angular scattering of light. "Window" 1) cells of cervical mucus;
"window" 2) spermatozoa; b) histogram of distribution of cells of cervical mucus by IgA content on their
surface; ¢) histogram of distribution of spermatozoa by IgA content on their surface.

x of the histogram obtained when the cells were treated only with the second antibodies (the control of nonspecific binding). The
ratio served as an index of the content of antibodies on the surface of the cells and henceforward it will be designated 4. In the
absence of antisperm antibodies A =< 1, in the presence of ASAB, 4 > 1. If ASAB were not present on the surface of the
spermatozoa, they were used to detect antibodies in cervical mucus and serum. For this purpose 100 ul of seminal fluid was
washed with PB. The washed cells were treated with 100 ul of serum or cervical mucus and incubated at 37°C for 1 h. After
incubation the spermatozoa were washed with PB and used to determine ASAB, as described above.
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Fig. 3. Analysis of ASAB content on surface of spermatozoa after their incu
bation with cervical mucus.

EXPERIMENTAL RESULTS

When 20 seminal fluids were tested, IgG were discovered in two cases by both MAR and FCM tests. The MAR test
showed that 30% of spermatozoa carry IgG on their surface. FCM revealed the bimodal character of the histogram of green
fluorescence, corresponding to two cell subpopulations: 1) spermatozoa with IgG on their surface (27%) and 2) spermatozoa not
carrying antibodies (73%; Fig. 1a). In the second case the MAR test revealed 57% of spermatozoa with antibodies, but the
character of the distribution of the cells by green fluorescence in this case was unimodal (Fig. 1b). In 18 cases ASAB could not
be found, and the value of 4 for IgG, IgA, and IgM did not exceed 1 in all 18 (Fig. 1c). The intensity of green fluorescence
(FCM test) and the number of spheres on the surface of the spermatozoa (MAR test) reflect the content of IgG on the surface
of the spermatozoa. In the first case, with each spermatozoon more than 10 spheres were bound, whereas the value of 4
determined in the sperm immobilization test for the IgG-carrying population was 120. In the second case 50% of spermatozoa
contained one or two spheres on their surface, and the value of the ratio A for the whole population of spermatozoa was 1.2. It
can be tentatively suggested that when there are few antibodies on the surface of the spermatozoa the FCM test may turn out to
be more sensitive than the MAR test. It was found by the FCM test that specimens with antisperm IgG also contained antisperm
IgA (Figs. 1 and 2). In the first case the number of IgA- and IgG-positive cells differed significantly (27% and 47% respectively).
The content of IgG and IgA bound with the surface of the spermatozoa also differed: in the first case A = 178 and A = 69; in
the second case A = 1.4 and 4 = 1.5.

When ASAB in the cervical mucus were determined, it had to be borne in mind that cells present in cervical mucus may
also carry IgG, IgA, and IgM on their surface. By computer analysis it is possible to analyze separately subpopulations of
spermatozoa and cells of the cervical mucus by setting the "windows” on the two-dimensional distribution in coordinates of direct
and angular scattering of light (Fig. 2a). Results of analysis of cells after incubation of the spermatozoa with cervical mucus are
given in Fig. 2. They show that the cell population with a high IgA content on the surface (4 = 200) is represented by two
comparatively large cells of the cervical mucus (Fig. 2b), whereas spermatozoa do not contain ASAB on their surface (Fig. 2¢).
During the subsequent analysis of ASAB in the cervical mucus, only the spermatozoal population was analyzed by setting the
"window."

During analysis of 13 samples of cervical mucus ASAB were found in three cases. The results of the FCM test are shown
in Fig. 3, and reveal heterogeneity of the subpopulations of spermatozoa after incubation with cervical mucus. On analysis of 13
sera, ASAB only of the IgM class were found in seven, and those of the IgG, IgA, and IgM classes in one serum; heterogeneity
of the spermatozoa was not found in any single case. Subsequent analysis of the sera by the sperm immobilization method
completely confirmed the results of the FCM test: in all sera with ASAB the sperm immobilization index exceeded 2, evidence
of the presence of sperm immobilizins.

Methods of detection of ASAB widely used at the present time have important limitations. The sperm immobilization
method [2] cannot be used to detect ASAB belonging to the IgA class {7], and it also leads to false-positive reactions when
agglutinins are present. The use of enzyme immunoassay and radioisotope methods does not enable the heterogeneity of the
population of spermatozoa for the ASAB content on their surface to be assessed. The MAR and IBT tests cannot be used for
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quantitative assay of Ig on spermatozoa. By the use of the FCM test it is possible to compare numbers of ASAB of different
isotypes on the surface of the spermatozoa during their incubation in various biological fluids (seminal plasma, serum, cervical
mucus, peritoneal and follicular fluids, intrauterine contents). The discovery of antibodies, moreover, is also possible in the
absence of motility, in viable spermatozoa. The method is quantitative, objective, readily reproducible, and can be used in clinical
practice for the diagnosis and treatment of sterility.
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