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Immunofluorescence study of actin, acrosin, dynein,
tubulin and hyaluronidase and their impact on in-vitro
fertilization
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Using polyclonal antibodies, the distribution of actin, acrosin,
dynein, tubulin and hyaluronidase has been examined by
indirect immunofluorescence in sperm preparations from
fertile donors and in-vitro fertilization (TVF) patients. After
recording sperm parameters in native semen, spermatozoa
were washed free of seminal plasma using either the swim-
up or the Percoll filtration technique. Prior to insemination,
aliquots of the washed sperm suspensions were prepared for
antibody staining. Spermatozoa from fertile donors were
analysed in order to establish the specific fluorescence patterns
of each antibody and the threshold scores of normality.
Immunofluorescence scores obtained from FVF patients were
then analysed with respect to FVF outcome. For each tested
protein, the number of normal samples were significantly
lower in the group which did not fertilize and fertilization
rates were significantly reduced when any of the tested
proteins were scored as pathological. Normal fluorescence
scores were correlated with morphology, motflity, velocity and
to a lesser extent with sperm concentration in native semen.
On the basis of receiver-operating characteristic curves,
likelihood ratios and Cohen's kappa values, the presence of
acrosin and tubulin yields the most useful information on
sperm functional and structural status and on its fertilizing
ability.
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Introduction

In cases of male or unexplained infertility, seminal analyses and
functional tests have a limited ability to predict the outcome of
in-vitro fertilization (TVF) (Edwards et al., 1984; Oehninger and
Alexander, 1991). Successful fertilization relies on several
associated sperm characteristics, such as concentration, motility
and morphology (Tesarik and Testart, 1989; Acosta et al., 1989),
capacitation, zona binding and acrosome reaction (Wolf, 1989),
membrane fusion, DNA decondensation and nuclear fusion. Any
test or combination of tests to predict the outcome of fertiliza-
tion should provide information on the ability of spermatozoa
to undergo each of these various steps.

Several sperm proteins are involved in fertilization at the

structural or functional level. Actin has been found in all
mammalian species studied so far (Ochs and Wolf, 1985; Flaherty
et al., 1988). Actin, which is present in the fibrous sheath of
the tail (Flaherty etal., 1988), was also found in the
subacrosomal space during spermatogenesis and in the equatorial
region and postacrosomal sheath of developed spermatozoa,
where this protein is thought to play various possible roles in
membrane-related events during capacitation and fertilization
(Vogl, 1989). Acrosin is an essential component of the acrosomal
matrix (de Vries et al., 1985) and is involved in two critical steps
of fertilization, i.e. homologous zona binding and zona
penetration (Topfer Petersen and Henschen, 1987; Tesarik et al.,
1988). Total activity of both the active zymogen form and inactive
proacrosin were shown to correlate with zygote formation
(Kennedy etal., 1989). Furthermore, an indirect immuno-
fluorescence study using a monoclonal anti-acrosin antibody, has
shown a positive correlation between normal head morphology
and the presence of an intact fluorescing acrosome (Francavilla
et al., 1988). Antibody against the inactive proacrosin has also
been obtained and used successfully to detect progressive loss
of the acrosome during capacitation (Gallo et al., 1991).

Dynein and tubulin are part of the axoneme organization and
are both involved in microtubule sliding and tail movement.
Hyaluronidase is present in the spermatozoa of many mammalian
species (Mack et al., 1983; Singer et al., 1983; Hirayama et al.,
1989) and is secreted by the acrosome in order to facilitate
penetration by spermatozoa through the egg vestments (Triana
etal., 1980; Lewin etal., 1982).

A large amount of literature has focused on identification of
these proteins in mammalian spermatozoa (Gallo et al., 1986;
Florke Gerloff et al., 1987; Kaufmann et al., 1987; Francavilla
et al., 1988; Baccetti et al., 1989), but correlation of indirect
immunofluorescence results with fertilization is still lacking.
Using polyclonal antibodies, the distribution of actin, acrosin,
dynein, tubulin and hyaluronidase has been examined by indirect
immunofluorescence in sperm preparations of IVF patients and
fertile donors. The present study was aimed at establishing the
correlations between IVF and the detection by immuno-
fluorescence of these various proteins.

Materials and methods

Sperm preparation and fertilization

Semen samples were obtained from normozoospermic donors
(n = 12) or from patients enrolled in our IVF programme
(n = 132). After complete liquefaction of the ejaculates at 37°C
for 30—45 min, sperm count and motility were measured with
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an automated semen analyser (Hamilton-Thorn Motility Analyser,
Hamilton-Thorn, 30A Cherry Hill Drive, Danvers, Massachusetts
01923, USA). Morphology was assessed according to the usual
standards on Papanicolaou stained smears (World Health
Organization, 1987). Spermatozoa were washed free of seminal
plasma by self-migration of the motile cells from 1 ml native
semen into a 2 ml of overlay of human tuba] fluid (HTF) medium
(Quinn etal., 1985), containing 0.5% bovine serum albumin
(BSA, Sigma, A 4161, USA) (Benadiva etal., 1989). In
pathological samples, spermatozoa were sedimented by
centrifugation (600 g, 20 min) through a step gradient (Forster
et al., 1983), prepared by carefully layering 1 ml fractions of
90%, 80% and 50% Percoll (Pharmacia, Sweden) in isotonic
Ham's-FlO culture medium (Gibco, 074-01200, Scotland, UK).
The recovered spermatozoa were then washed twice by
centrifugation (300 g, 10 min) in 2 ml HTF. The final pellet was
resuspended in 0.4 — 1.0 ml HTF and sperm count, motility and
morphology were reassessed.

Oocytes were obtained by ultrasound-guided follicle puncture
from patients undergoing ovarian stimulation with a gonado-
trophin-releasing hormone analogue (Decapeptyl, Ferring,
Zurich) and human menopausal gonadotrophin (HMG) protocols
(Germond et al., 1990). Oocytes were pre-incubated in 0.9 ml
HTF for 4 - 6 h, inseminated with 0.5-2.0 X 105 spermatozoa
in 100 /xl and further incubated at 36.9°C (5% Oj, 5% COj,
90% N2) for 16 h. Eggs were then separated from the remaining
corona cells by aspiration through a finely drawn Pasteur pipette
and checked for the presence of pronuclei under phase contrast
illumination (x400). Zygotes were transferred into 1 ml of
Menezo B2 culture medium (BioMe"rieux, France) and further
incubated under the same conditions for 24 h. Cleaved embryos
were replaced as previously described (De Grandi and Germond,
1987).

No selection criteria were applied to either male or female
partners.

Immunofluorescence
Molecular probes for indirect immunofluorescence were kindly
provided by Serono Diagnostics, Trading Division (SpermaScreen
kit, Biodata, Rome, Italy). For each sperm sample, five smears
were prepared with 5 jtl aliquots of the washed sperm suspen-
sions, which were adjusted to a concentration range of 1 —60 X
lO^ml. Sample preparation for indirect immunofluorescence
was done according to Baccetti et al. (1989). Air-dried (30—60
min) smears were fixed with cold methanol (—20°C, 15 min)
and acetone (—20°C, 5 min). For organizational purposes,
staining was performed on batches on 10 samples. Slides were
thus either kept frozen at —20°C until use or processed
immediately for indirect immunofluorescence staining. No
differences between fresh or cryopreserved samples could be
detected when samples were stored at —20°C for S 4 weeks.

Spermatozoa were rehydrated ( 2 x 5 min) in phosphate-
buffered saline (PBS), treated for 15 min with 50 yl normal goat
serum (5% in PBS containing 1 % BSA) to prevent non-specific
binding, and reacted overnight at 4°C in a humidified chamber
with the various rabbit polyclonal antibodies (pAb), diluted (1:50)
in PBS containing 0.1 % BSA. Slides were then carefully washed

with PBS (3 X 10 min) and incubated for 1 h at room temperature
with 50 fA of fluorescein isothiocyanate (FITC)-labelled goat anti-
rabbit IgG antibody, diluted in PBS (1:50). After three washes
in PBS (3 X 10 min), slides were mounted with 32 x 24 mm
coverslips in PBS:glycerol (10:90) containing 2 .5 -5%
propylgaUate (Sigma, P3130, USA) to prevent fading, and
examined using an epifluorescence microscope (Olympus BH2S,
FTTC illumination, Y455 filter) at X400- X1000 magnification.
Unlabelled cells were briefly visualized under phase-contrast
illumination. For each tested pAb, 100 spermatozoa were counted
per slide and fluorescence scored as normal or pathological,
according to the patterns described in Figure 1 and Table I.

Acrosin activity determination

The procedure of Kennedy et al. (1989), based on hydrolysis
of yV-a-benzoyl-DL-arginine p-nitroanilide hydrochloride
(BAPNA, Sigma, USA) at pH 8.0, was used with the following
modifications. An aliquot (0.3 ml) of the washed sperm
suspension in HTF was washed by centrifugation (300 g, 10 min)
in 2 ml PBS. The pellet was resuspended in exactly 0.3 ml PBS,
frozen at -20°C and stored for < 2 weeks. Thawed samples
were divided into three 100 /d aliquots in conical centrifuge tubes.
The first aliquot received 100 /J benzamidine hydrochloride
(500 mM, Sigma, USA), the two others were duplicate assays.
Incubation in the presence of 1 ml of the substrate—detergent
mixture was performed at 22 -25°C and stopped after 3 h with
100 /xl benzamidine. Cell debris was pelleted by centrifugation
(800 g, 20 min) and the supernatant used for colourimetric assay
(410 nm). Not all IVF samples could be analysed, as in some
cases the whole sperm suspension had to be used for IVF.

Statistical analysis

Unpaired Student's f-test, chi-square analysis or Fisher's test were
performed wherever appropriate. Receiver-operating charac-
teristic curves were derived from IVF results using various cut-
off values (Richardson et al., 1985), for which the likelihood
ratios and Cohen's kappa values (Collins, 1989) were also
calculated.

Results

Qualitative evaluation of fluorescence patterns in
spermatozoa from fertile donors

Typical fluorescence patterns observed with the five pAb tested
are illustrated in Figure 1. Observations gained from the fertile
donors are summarized in Table I.

Actin was clearly seen along the equatorial segment and the
head—tail junction (centriolar region), while the acrosomal cap
and posterior portion of the head fluoresced to a variable degree
from sample to sample. Fluorescence of the midpiece increased
with the amount of cytoplasm still present; diffuse fluorescence
was seen along the principal piece of the tail. The following
patterns were considered as pathological: no fluorescence along
the equatorial segment, fluorescence distributed uniformly over
the whole head or limited to its periphery or no fluorescence along
the principal piece.
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Fig. 1. Phase contrast (a) and indirect immunofluorescence of spermatozoa obtained from fertile donors using polyclonal antibodies against
actin (b), dynein (c), tubulin (d), acrosin (e) and hyaluronidase (f).

With the anti-acrosin pAb, the acrosomal cap was clearly
visible and fluoresced at variable intensities: staining could appear
homogeneously distributed over the acrosome or restricted to
small patches. Acrosin was considered absent when the acrosomal
region was not fluorescent or, as for actin, when fluorescence
was distributed over the whole head or restricted to its periphery.

Dynein was seen along the equatorial segment and in many
cases over the acrosome. The tail was usually faintly stained.
Tubulin had fluorescence patterns similar to dynein, except for
the acrosome which was usually not stained, and for the tail which
was brightly fluorescent. Hyaluronidase was confined to the
acrosomal cap.

Cells which did not exhibit fluorescence at locations marked
positive on Table I were counted as pathological. The indirect
immunofluorescence score was then determined by the percentage
of cells exhibiting the expected fluorescence patterns. Mean
immunofluorescence scores ± SD were established using

Table I. Localization of fluorescence in the spermatozoa of fertile donors
using various polyclonal antibodies (pAb)

pAb against Head Midpiece Tail

Actin
Acrosin
Dynein
Tubulin
Hyaluronidase

Acrosome

V
P"
V
V
P*

Equatorial segment

P
P
P
P
N

V
V
V
V
N

:P
V
p
P

P,N,V: positive, negative, weak or variable staining.
'Some cells may show no fluorescence as a result of spontaneous
completion of the acrosome reaction or structural lack of the acrosomal cap.

samples obtained from a fertile population (Table U). For all
proteins, the mean indirect immunofluorescence scores were at
least 90%.
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Table II. Normal

Mean ± SD
Mean-2SD

fluorescence scores (%)

Actin

94.2 ± 9.9
70

determined in sperm samples

Acrosin

90.2 ± 14.0
60

from fertile donors (n

Dynein

92.7 ±
70

= 18)

11.4

Tubulin

93.9 ± 9.7
70

Hyaluronidase

97.0 ± 6.8
80

SD = standard deviation.
Mean-2SD = lower normality threshold rounded to the nearest 10 of the fluorescence scores used to discriminate between normal and pathological samples.

TaMe ID. Percentage of normal samples and mean indirect immunofluorescence scores
fertilization

No fertilization
Normal/analysed
samples (%)*
Mean scores ± SEM*

Fertilization
Normal/analysed
samples (%)*
Mean scores ± SEM*

'P (x2 = chi-square)
hP (r-test)

Actin

31/30
(62.0)
67.0 ± 5

91/101
(90.1)
89.4 ± 1
£0.01
£0.0005

TaWe IV. Fertilization rates achieved by samples

Normal:
Zygotes/oocytes"
Transfers/cycles
(%)
Pathological:
Zygotes/oocytes*
Transfers/cycles
(%)
P (Mest)1

WHO
criteria

50.4 ±
78/94
(83.0)

22.9 ±
24/57
(42.1)bl

3.6

4.5

£0.0005

.0

.6

Acrosin

18/50
(36.0)
44.0 ±

94/101
(93.7)
85.3 ±
£0.01

5.0

1.7

<; 0.0005

sorted according to the

Actin

45.5 =fc 3.4
92/122
(75.4)

14.6 ± 5.0
10/29
(34.5)
£0.0005

WHO cntena

Acrosin

49.3 ± 3.4
94/112
(83.9)

11.5 ± 4.1
8/39

(20.5)b

£0.0005

for five sperm proteins,

Dynein

32/48
(66.7)
64.4 ± 4.7

92/100
(92.0)
88.1 ± 1.9
£0.01
£0.0005

observed in IVF cycles with

Tubulin

27/48
(56.2)
59.6 ± 5.5

97/100
(97.0)
93.1 ± 1.4
£0.01
£0.0005

or indirect immunofluorescence scores as normal or

Dynein

43.8 ± 3.3
94/124
(75.8)

20.7 ± 7.2
8/24

(33.3)
i 0.005

Tubulin

46.8 ± 3.3
99/124
(79.8)

4.8 ± 4.1
1/24

(4.2)c

£0.0005

or without

Hyaluronidase

37/48
(77.1)
77.3 ± 4.6

90/100
(90.0)
89.2 ± 2.1
NS
£0.005

pathological

Hyaluronidase

42.4 ± 3.4
92/127
(72.4)

25.5 ± 7.4
10/21
(47.6)
£0.05

'Mean (in %) ± SEM.
bP £ 0.05; CP £ 0.01.

Six donors were tested twice at 1 —2 month intervals and
yielded highly reproducible fluorescence patterns. The interassay
coefficient of variation was < 10% for each tested protein. No
significant differences in staining patterns were observed between
the swim-up and Percoll methods of sperm preparation.

Correlation of indirect immunofluorescence results with
IVF

In order to evaluate the clinical impact of the immunofluorescence
study, IVF samples were defined as either normal or pathological
using a lower threshold of normality, which was arbitrarily
defined by the mean-2SD of the immunofluorescence scores
measured on donor samples (Table IT). The number of normal
samples were counted in FVF patients who did or did not achieve
fertilization (Table HI). In the group with fertilization - 9 0 %
of the patients were scored as normal. The number of normal
scores was significantly lower in the group without fertilization
for all sperm proteins except hyaluronidase (77.1 %). The lowest
percentages of normal samples were found for acrosin (36.0%)

60

y-49.060-12 620x R*2 - 0.966

£ 50-
(/)
LU

5 40-a.

1 30-
—

xu 10 -

i

^

0 1 2 3 4 5
NUMBER OF IIF PATHOLOGIES

Fig. 2. Correlation between number of indirect immunofluorescence
(IIF) pathologies/sample and fertilization rates in sperm samples
from IVF patients.
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and tubulin (56.2%). Mean immunofluorescence scores,
calculated in the two groups, were significantly lower in the
absence of fertilization for all proteins and below the threshold
values gained from fertile donors.

Data were also analysed in terms of fertilization rates achieved
among samples sorted according to the WHO criteria or
immunofluorescence scores (Table IV). Fertilization rates,
expressed as mean zygotes/oocytes or transfers/cycle were
significantly lower when any of the tested proteins had abnormal
immunofluorescence scores. These results highlight the possibility
that each protein studied could be involved at some point with
fertilization; abnormal samples, however, often exhibited more
than one pathological feature simultaneously. In order to study
this aspect, IVF samples were sorted by increasing numbers of
abnormalities. As shown in Figure 2, the corresponding fertiliza-
tion rates dropped sharply as spermatozoa were affected by an
increasing number of abnormalities.

Table V. Correlation coefficients between normal immunofluorescence
scores and seminal parameters in sperm samples from IVF patients
(n = 153)

Seminal
parameters

Actin Acrosin Dynein Tubulin Hyaluronidase

Native sperm 0.35** 0.16 0.39** 0.34** 0.017
count
(106/ml)

Rapid 0.55*** 0.4O*** 0.39** 0.45** 0.18
progressive
motility (%f

Curvilinear 0.35** 0 .29" 0.22* 0 .48*" 0.25*
velocity
(/un/s)

Progressive 0.27* 0.19* 0.17 0.50*** 0.17
velocity
Oim/s)

Normal 0.60*** 0.51*** 0.62*** 0.51*** 0.23*
morphology

Correlation of immunofluorescence results with other
sperm parameters

Indirect immunofluorescence scores and seminal parameters
(sperm count, mobility and morphology) known to be correlated
with fertilization were submitted to regression analysis.
Correlation coefficients (r) and statistical significance are
summarized in Table V. Immunofluorescence scores of
hyaluronidase showed little or no correlation with the various
parameters. In contrast, the scores of the other proteins were
positively correlated, especially with normal morphology and
rapid progressive motility, determined as the number of cells (%)
exhibiting a velocity ^25 /t/s. The presence of acrosin and
hyaluronidase did not correlate with native sperm count, nor was
the presence of dynein associated with sperm velocity. The tubulin
score was significantly dependent on all native semen parameters
and especially on sperm velocity (r = 0.48-0.50; P ^ 0.005).

Correlation of acrosin immunofluorescence scores with
enzymatic activity

An indirect check of the specificity of the pAb for acrosin was
achieved by evaluating indirect immunofluorescence in parallel
to the enzymatic activity of acrosin from lysed sperm cells
preincubated at pH 8.0. Figure 3 summarizes the data obtained
from 96 samples from the 153 IVF attempts, for which the
number of cells recovered after washing was high enough to allow
measurement of acrosin activity on the same cell suspension as
that used for IVF. Immunofluorescence scores for acrosin were
significantly correlated (P <, 0.005) with the corresponding
acrosin activities, suggesting that the pAb recognized acrosin.
No correlation was found, however, between the intensity of
fluorescence (recorded subjectively as weak, medium or high)
and the enzymatic activity (data not shown), indicating that the
pAb might not have recognized both the active and inactive forms
of acrosin. In Figure 3, a distinction was made between cycles
with or without fertilization. In the restricted population studied,
no fertilization occurred when the immunofluorescence score was
<60% (vertical bar), which corresponded to the lower normal
threshold of acrosin (Table II).

*P =£ 0.05, **P <. 0.005, ••*/» <; 0.0005.
"Rapid progressive motility is the number of cells (%) exhibiting a velocity
2:25 p/s.

140

O NO FERTILIZATION
• FERTILIZATION
+ FERTLEDONORS

r-0.3 pSO.005

20 40 60 60
IIF ACROSIN SCORE (%)

1 0 0

Fig. 3. Correlation between indirect immunofluorescence anti-
acrosin scores and acrosin activities in 96 samples of lysed sperm
cells from IVF attempts.

Comparison of immunofluorescence scores and sperm
parameters as predictors of IVF outcome

In order to obtain a threshold value yielding the highest clinical
relevance, various threshold values were tried and the corres-
ponding sensitivity, specificity, likelihood ratios and Cohen's
kappa statistic were calculated for the five tested proteins as well
as for the classical semen parameters. Results obtained for acrosin
(immunofluorescence scores and activity) and normal morphology
are shown in Table VI. For acrosin immunofluorescence scores,
the best threshold value was found to be ~ 60%, confirming the
threshold gained from the fertile donor population (Table U).
Sensitivity and specificity for the 60% acrosin immuno-
fluorescence score was 0.92 and 0.63 respectively. Likelihood
ratios were in the fair range, while the corresponding kappa value
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Table VI. Comparison of morphology and acrosin indirect
immunofluorescence (HF) status and activity i
in vitro in sperm

Methods

Acrosin
indirect

samples from IVF patients

Threshold Sensitivity

20"
40

immiinoftuorescence 50

Acrosin
activity

Morphology

60
80

100
15"
20
30
40
50
70
20c

40
50
80

0.99
0.99
0.99
0.92
0.74
0.39
1.00
0.94
0.87
0.79
0.70
0.36
1.00
0.97
0.90
0.28

as predictors of fertilization

Specificity

0.31
0.41
0.55
0.63
0.80
0.90
0.07
0.27
0.53
0.60
0.73
0.93
0.07
0.34
0.52
0.95

LR+

1.43
1.67
2.21
2.51
3.60
3.84
1.07
1.29
1.86
1.98
2.61
5.38
1.07
1.47
1.89
6.09

L R -

0.03
0.02
0.02
0.12
0.33
0.68
0.00
0.21
0.25
0.35
0.41
0.69
0.00
0.09
0.18
0.76

Kappa

0.624
0.669
0.736
0.706
0.606
0.385
0.659
0.659
0.659
0.600
0.545
0.320
0.542
0.624
0.643
0.327

UJ

<
DC
LU

(A
o
Q .

UJ

tr

1.0

'% cells exhibiting normal fluorescence patterns.
VrU/million spermatozoa.
c% cells with normal morphology according to WHO.
LR + : likelihood of fertilization given an abnormal test ( 2 - 5 = fair
agreement).
L R - : likelihood of fertilization given a normal test (0.1—0.2 = good
agreement).
Kappa: Cohen's kappa (0.40—0.75 = good agreement).

0.8

0.7-

0.6

0.5-

ACPOSIN
Acrm
DYNEM
TVBUUN
HYALUROMDASE
COHCOtntAVON
UOftPHOLOQY

4 0 6 0 8 0 1 0 0 1 2 0

CUT-OFF

Fig. 4. Cohen's kappa values plotted against various thresholds of
normality for the five tested proteins as well as for morphology and
sperm counts in native semen.

was good (0.706). Normal morphology yielded similar sensitivity
and specificity at the 50% threshold; the likelihood of fertiliza-
tion given an abnormal or normal test (LR+ and LR- ) were
slightly less significant and the kappa value diminished in
comparison to acrosin immunofluorescence.

Kappa values were plotted against various cut off thresholds
of normality for the five tested proteins as well as the morphology

0.8-

• ACROSN
O ACT1N
a DYNEH
m TUBUUN
A HYAUJRONOASE
+ CCNCBfmATVN
A MORPHOLOGY NATIVE
' MORPHOLOGY WAShE)
A CURVU&ARVELOOTY
N ALLSPC PROTEUS

0.2 0.4 0.6
FALSE POSITIVE RATE

0.8 1.0

Fig. 5. Receiver-operating characteristic curves for various
discriminating parameters used to predict FVF outcome. Diagonal
represents a putative test with no clinical significance yielding the
same incidence of true and false positives for all thresholds.

Table VTI. Percentage of normal
sorted according to WHO criteria

Fertilization

Failure

Success

WHO
criteria

Normal
Abnormal
Normal
Abnormal

n

16
33
78
24

indirect immunofluorescence
and fertilization

Normal samples (%) with respect

Actin

87.3
57.6d

99.4
91.7"3

Acrosin

56.3*
27.3b

94.9"
83.3b

Dyneii

87.5
57.6
96.2
79.2

l Tubulin

87.5
39.4C

97.4
91.7°

samples

to:

Hyaluronidase

93.8
66.7
92.3
83.3

0.001, 0.02.

and sperm counts in native semen (Figure 4). Acrosin yielded
the highest kappa values with a maximum at a threshold of 50%.
The curve obtained for morphology had a similar shape, but with
lower values over the entire range. In contrast, no clear maximum
was found for the other proteins with the possible exception of
tubulin. Sperm concentration had a maximum -15—20 X 106

spermatozoa/ml, which corresponded to the value recommended
by the WHO.

The data were submitted to receiver-operating characteristic
(ROC) curve analysis (Figure 5). ROC curves were plotted for
various seminal parameters and for the various immuno-
fluorescence scores, by varying the cut-off points of normality.
The diagonal represented a putative test with no clinical
significance, i.e. a test yielding the same incidence of true and
false positives for all thresholds. The more accurate a test was
in predicting fertilization, the more the corresponding ROC curve
departed from the diagonal. The results presented in Figure 5
show that acrosin immunofluorescence was clearly superior to
conventional semen analysis in predicting fertilization.

Finally, sperm samples were sorted according to the WHO
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criteria of normality (i.e. ^20 X lO^ml, ^ 25% rapid
motility, >50% normal morphology) and to IVF outcome
(Table VU). Among the 57 samples considered as abnormal on
the basis of the WHO criteria, 24 samples (42%) were able to
fertilize and 33 (58%) were not. In the same groups, the
percentage of samples classified as normal by indirect immuno-
fluorescence was significantly higher when fertilization was
successful compared to when it failed, in particular for actin (91.7
versus 57.6%; P < 0.02), acrosin (83.3 versus 27.3%; P <
0.001) and tubulin (91.7% versus 39.4%; P <, 0.001). In the
samples classified as normal by the WHO criteria, the percentage
of normal samples with respect to immunofluorescence was
similar whether fertilization occurred or not, except in the case
of acrosin, which dropped from 94.9% normal samples in the
presence of fertilization to 56.3% when it failed (P < 0.001).
These results suggest that indirect immunofluorescence screening
of sperm samples before the first IVF attempt is particularly
useful, whatever the semen quality, as it allows the identification
of those abnormal WHO samples which are likely to fertilize;
and among normal WHO samples, it would explain, in - 5 0 %
of the cases, why fertilization failed, i.e. due to an abnormal level
of acrosin.

Discussion

Diagnostic tests aimed at predicting the outcome of IVF rely on
either structural or functional assessment of the spermatozoa.
With the currently available tests which can be performed prior
to IVF, the ability to obtain a clear distinction between subfertile
and infertile sperm samples is, however, still controversial
(Oehninger and Alexander, 1991), and some authors consider
that IVF is the only reliable test (Liu et al., 1988; Acosta et al.,
1989). Morphology estimated according to strict criteria has so
far been the best parameter to predict fertilization outcome
(Kruger et al., 1987). Immunofluorescence offers an alternative
method to describe some particular properties of the sperm cell,
since the sperm proteins which are suspected to play a critical
role in fertilization may be visualized and their proper localization
in spermatozoa assessed.

In this study, immunofluorescence scores of all proteins, except
hyaluronidase, were highly correlated with normal morphology
(Table V); consequently, it is not surprising that the immuno-
fluorescence scores were higher in samples which achieved
fertilization than in those which failed (Table HI). Hyaluronidase,
located in the acrosome, was poorly correlated with morphology
(Table V) and was not clearly related to IVF outcome (Table IE).
This finding corroborates the absence of correlation between
hyaluronidase activity and the acrosomal pathologies reported by
Singer et al. (1983), which could indicate that hyaluronidase is
rarely deficient, and confirms the observation that cumulus cells,
once incubated with spermatozoa in vitro, are always dispersed
regardless of the sperm quality.

The best correlations between immunofluorescence scores and
fertilization rates were observed for acrosin and tubulin
(Tables IV, VI, VII, Figures 4 and 5). ROC curves, which allow
various diagnostic tests to be compared, showed that immuno-
fluorescence scores for acrosin and tubulin could more effectively
predict fertilization outcome than more conventional parameters,

such as sperm counts, normal morphology or curvilinear velocity
(Figure 5). In order to determine the best threshold values for
each tested protein, we submitted our data to critical evaluation
by calculating for various thresholds of normality, the corres-
ponding sensitivity, specificity, likelihood ratios and Cohen's
kappa (Table VI, Figure 4). This analysis confirmed the presence
of a clear maximum in the kappa values for acrosin, tubulin,
normal morphology and to a lesser extent sperm count (Figure 4).
The highest kappa values were obtained for acrosin (0.736) and
tubulin (0.690) at thresholds of 50% and 80% respectively, which
indicates that these tests could be superior to the more
conventional parameters, such as morphology (0.643 at 50%)
or sperm count (0.555 at 15 X lO^ml). The other antibodies
tested (e.g. anti-actin, -dynein or -hyaluronidase) did not produce
any significant improvement over the conventional diagnostic
methods (Figures 4 and 5).

Immunofluorescence distributions observed with the polyclonal
antibodies are comparable to those described in the literature for
actin (Flaherty et al., 1988), acrosin (Francavilla et al., 1988;
Baccetti etal., 1989), dynein (Baccetti etal., 1988) and
hyaluronidase (de Vries et al., 1985; Baccetti et al., 1989). In
the case of tubulin, clear staining of the equatorial segment,
besides that of the principal piece of the tail, was observed. This
puzzling observation was also made by Virtanen et al. (1984)
and Gallo et al. (1986), who used monoclonal antibodies to a-
tubulin.

In this first study, we did not test in great detail whether the
various antibodies were specific to the respective proteins, as the
various fluorescence patterns detected were consistent with
detailed descriptions in the literature (Baccetti etal., 1988).
However, an attempt to assess the specificity of the acrosin
antibody was performed by comparing the immunofluorescence
scores with the acrosin activity determined on the sperm samples
used for IVF (Figure 3). A significant correlation was found,
although the acrosin activities were subject to large fluctuations
from sample to sample (Kennedy et al., 1989; Liu and Baker,
1990). Unlike Kennedy et al. (1989), we were unable to find
any clear threshold value below which fertilization would fail
(Table VI). This could be due to the washing of spermatozoa,
which selects the cells that are most likely to fertilize and
consequently tends to reduce the differences in acrosin activity
between the samples that will or will not fertilize. As cell count
is used as the denominator, it is noteworthy that the calculated
activity may be subject to technical errors, especially for low
sperm densities ( < 5 X 106 spermatozoa/ml).

Results of this study agree with those of Kruger et al. (1988)
and Liu and Baker (1990), who found no relationship between
acrosin activity and fertilization in vitro. There is no doubt that
this enzyme plays a critical role during zona binding and zona
penetration (Tesarik et al., 1988) but its action is dependent on
structural and biochemical events which take place during
capacitation and the acrosome reaction. The advantage of the
indirect immunofluorescence approach is that acrosin can be
detected in its proper location, i.e. the acrosome, which could
explain the discrepancy observed between the good diagnostic
value of the acrosin immunofluorescence score and the poor
diagnostic value of acrosin activity. Acrosin immunofluorescence
scores exhibit the widest variation range among fertile donors
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and consequently have the lowest threshold of normality
(Table II). This reflects the known heterogeneity of acrosomal
status in a given ejaculate, as some cells spontaneously complete
the acrosomal reaction or lose their acrosomal contents during
washing.

In conclusion, indirect immunofluorescence scores for acrosin
and tubulin are significantly correlated with the fertilizing ability
of spermatozoa and may be of invaluable help in determining
the probability of fertilization prior to FVF, especially in cases
of poor sperm morphology and idiopathic infertility.
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