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In the case of chromosomal aneuploidy in sperm wherein the incident rate is low and a
large number of cells require scoring, automated methods that rely on computer soft-
ware to segment and to count fluorescence signals are particularly necessary due to
countless hours spent in reading slides and to the potential for interoperator differ-
ences. The purpose of this pilot experiment was to determine whether there were signi-
ficant differences in the estimates of disomy frequency produced by automated versus
manual scoring of signals for chromosome X, Y, and 18 in human sperm. The frequency
of X18, Y18, XX18, YY18, and XY18 were determined in four separate normozoosper-
mic samples. Slides were hybridized using a standard sperm FISH protocol for centro-
mere-specific probes. Between 500 and 564, DAPI positive nuclei were captured from
each sample and scored using the automated system, and the same slides were scored
by a trained cytogeneticist, who was blind to the purpose of the study and the auto-
mated system results. None of the estimated frequencies was significantly different
between manual and automated methods, regardless of whether individual slides or
pooled results across all samples were compared. To our knowledge, this is the first
report examining the validity of automated cell scoring in human spermatozoa. The
results from this pilot exploration of sperm FISH suggest the comparability between
automated and manual methods for estimating sex chromosome disomy and provide
evidence that automated laser scanning of multiprobe sperm FISH should be explored
further.  © 2007 International Society for Analytical Cytology
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THE utility of fluorescence in situ hybridization (FISH) to identify chromosome-
related events has been demonstrated in a variety of cell types over the past two de-
cades (1). Progressive improvement of visualization since the early 1980s included
first the indirect labeling of antibodies onto which stains and then fluorochromes
were attached, followed by direct labeling of DNA probes. The need for automated
scoring arises due to the countless hours spent in reading slides and to the potential
for interoperator differences. Automated scoring or the use of computer software to
segment and to count fluorescent signals holds particular promise for advancing the
studies of human sperm aneuploidy wherein scoring 10* cells per person is often the
target due to the rareness of numerical aberrations. Manual scoring of 10* cells can
take up to 20 h whereas using an automated system can take 1-2 h including review
of noninclusive events. Automated spot counting can solve the problem of fatigue
due to many hours of microscope viewing, which can lead to misinterpretation and
scoring inconsistencies. Statistical probability studies suggest automated scoring is
the only reasonable way to reliably detect sporadic or low rate aberrations with small
error rates (2—4).

Automated Scoring of Chromosome Abnormalities in Nonsperm Cells
Application of automated systems for scoring numerical and structural chromo-
some aberrations in different human cell types has advanced in recent years,
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particularly for use in uncultured amniocytes (5), peripheral
lymphocytes (6-9), and fibroblasts (9). Most of these systems
have in common a controllable motorized microscope with an
automated stage, image segmentation and acquisition soft-
ware, and event counting software. Schunck et al. (8) reported
that reliable and reproducible results were found for auto-
mated analysis using the Metafer™ system to score dicentric
chromosomes, micronuclei, and Comet assay results in pe-
ripheral lymphocytes. In considering these reliable results for
examining structural chromosome aberrations, authors
pointed out the promise of automated scoring for fluorescence
spot counting in detecting numerical chromosome aberra-
tions. Lev et al. (5) examined numerical chromosome ab-
normalities using the Duet™ (BioView, MA) automated sys-
tem in comparison to manual signal counting. When FISH
was performed on 56 amniotic fluid samples and cells were
examined for aneuploidy in chromosomes 21, 18, 13, X and
Y, automated and manual results showed a high correlation
(r=0.9, P < 0.0001).

Other molecular applications have demonstrated the suc-
cessful use of automated methods for distance measurements
in three-dimensional nuclear structures (10), and for mea-
suring telomere length in proliferating cells (11,12). However,
none of these methods has yet been widely adapted for study-
ing numerical chromosomal aberrations in human sperm.

Computerized Scoring of Sperm Cells

Baumgartner et al. (13) has published one of the
only sperm FISH studies using automated scoring to detect
numerical chromosome aberrations. They examined disomy
frequency in chromosomes 8 and X and reported that the fre-
quencies of genotypically abnormal sperm were not signifi-
cantly different from the automated results using laser scan-
ning cytometry (LSC) and manual scoring. LSC provides data
equivalent to flow cytometry, but instead of passing the laser
beam through a volume flow, cells are analyzed on slides.
Because the position of scanned cells and their fluorescence
signals are recorded electronically in the automated system,
cells can be easily relocated. Study authors concluded that the
rapid LSC reduced time-consuming manual scoring of fluo-
rescence spots among 10,000 sperm per slide from an average
of 8 h to ~30 min. However, their LSC was only able to detect
one color fluorochrome at a time, representing a single chro-
mosome; their report evaluated disomy in chromosome 8 and
X. In this pilot study, we sought to expand the application of
automated fluorescence signal detection using a system capa-
ble of scoring three fluorochromes per slide. Of particular con-
cern for this initial study was whether computerized methods
that relied on the automated segmentation of fluorescence sig-
nals would be comparable to manual results in scoring three-
probe FISH for chromosomes X, Y, and 18 in human sperm.

MATERIALS AND METHODS

Sperm Slide Preparation for FISH
We used blinded normozoospermic (concentration > 55
X 10° spermatozoa per milliter) samples from a hospital-

Cytometry Part A o 71A: 968—972, 2007

based fertility clinic to compare manual and automated scor-
ing using LSC. We used X, Y, and 18 centromere-specific
probes for determining X, Y, and XY disomy, and chromosome
18 was used as an autosome control. The hybridization was
performed using a combination of probes provided for this
experiment by Vysis (Downers Grove, IL). CEP X (a-satellite)
SpectrumOrange hybridizes the centromeric region of chro-
mosome X (pll.1-qll, locus DXZ1). CEP Y (satellite III)
SpectrumGreen hybridizes the satellite IIT of chromosome Y
(band Yq12, locus DYZ1).

The semen sample was diluted with T/S buffer (14) of pH
8 and the concentration determined. Approximately 10 X 10°
cells were used in the initial washing steps. After 3 wash cycles
of centrifugation and resuspension, the sperm cells were finally
resuspended in 1 ml of T/S buffer (14) and the concentration
determined again. Sample (10 ul) was horizontally spread on a
glass slide, allowed to dry, and then placed in a —20°C freezer
until the hybridization process was started.

Hybridization

The cells were swollen in a cold DTT buffer for 30 min
on ice followed by incubation in LIS buffer (10 mM diiodosa-
licylic acid-lithium salt (LIS), 50 mM Tris—=HCl, pH 8.0) for
1 h at room temperature in the dark. During the LIS swelling,
the slides became light-sensitive, and all further treatments
took place in the dark. To denature the DNA, slides were
placed in a 70% formamide/2X SSC solution, warmed to
73°C, for 5 min, and then suspended in a series of ethanol (70,
85, and then 100%) baths for 1 min each at room tempera-
ture. Orange (Y), aqua (18), and green (X) probes were mixed
according to Vysis protocol. Briefly, 1 ul of each probe was
added to 7 ul of CEP hybridization buffer and 1 pul of each of
the probes for every slide being treated. The mixture was both
pulsed on the centrifuge and vortexed three times then dena-
tured in the 73°C water bath for 5 min directly before applica-
tion to the slides. Concurrent with the probes being heated,
the slides were placed on a slide-warmer at 47°C for 2 min to
evaporate any remaining ethanol. Ten microliters of the probe
mixture were applied immediately to the dense area of cells on
the slide. This area was then fitted with a coverslip and sealed
with rubber cement to prevent evaporation of the probe mix-
ture. The cells were allowed to hybridize overnight at 42°C in
a light-resistant, humidified box. The next day, the coverslips
were removed, and the slides were subject to three washes with
50% formamide/2X SSC for 10 min each, followed by one
wash with pure 2X SSC for 10 min, and finally one wash with
2X SSC/0.1% NP-40 for 5 min. All washes took place in the
dark at 46°C. After air drying, 10 ul 6-diamino phenylindole
dihydrochloride (DAPI) II counterstain was applied to the tar-
get area of the slide. A coverslip was placed over the area and
sealed with clear nail polish. The slide was placed in the freezer
at —20°C for at least 30 min prior to viewing under the
microscope.

Slide Scoring

Data were captured to make comparisons between auto-
mated and manual results. The experiment was designed to
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Table 1. Comparison of Normal and X and Y Disomy Frequencies in Sperm Nuclei Using Manual Versus Automated Scoring Methods

of Triple-Probe FISH

X18 Y18 XX18 YY18 XY18

SLIDE  METH N N % » P N % p N % p P N % p P N % p P

1 auto 500 271 54.20 0.95 0.43 223 44.60 0.85 0.67 0 0.00 1.00 0.77 0 0.00 1.00 0.57 3 0.60 0.25 1.00
manual 500 273 54.60 227 45.40 0 0.00 0 0.00 0 0.00

2 auto 510 231 45.29 0.67 225 44.12 0.81 1 0.20 1.00 0 0.00 1.00 2 0.39 0.50
manual 505 221 43.76 218 43.17 0 0.00 0 0.00 0 0.00

3 auto 561 165 29.41 0.06 208 37.08 0.33 3 0.53 0.72 15 2.67 0.55 4 0.71 1.00
manual 561 196 34.94 225 40.11 5 0.89 11 1.96 5 0.89

4 auto 561 290 51.69 0.98 247 44.03 0.98 1 0.18 1.00 1 0.18 1.00 4 0.71 0.55
manual 564 293 51.95 247 43.79 2 0.35 1 0.18 7 1.24

Meth, automated or manual scoring; p, p value for comparison on each slide; P, Pvalue for pooling all four slides together.

capture and to score at least 500 DAPI positive nuclei using
the automated system, and then to score the same 500 or
more cells by a trained cytogeneticist, who was blind to the
purpose of the study and the automated system results. Strict
scoring criteria as described by Baumgartner et al. (15) were
followed, and the automated classifier was programmed to
operationalize these criteria. Nuclei needed to be intact with a
clearly defined border. Nuclei that were not scored: disrupted
nuclei with indistinct margins, overlapped nuclei, or sperm
heads without well-defined boundaries, very large nuclei with
diffused chromatin, and very small nuclei with no signals.
Nuclei that were scored: only cells consistent with sperm size
and shape or with a visible tail, clear hybridization signals,
similar in size, separated from each other by at least one signal
domain, and clearly positioned within the sperm head. One
domain was considered to be the diameter of the signal, which
is generally round. Nuclei were regarded as abnormal if they
presented: two (or more) distinct hybridization signals for the
same chromosome, each signal was equal in intensity to the
single signal found in normal monosomic nuclei, each signal
was equal in size to the single signal found in normal monoso-
mic nuclei. In the case of disomy, all signals of the same color
needed to have the same intensity and be separated from each
other by a distance of at least one domain (the diameter of
each signal). Disomy was scored when the two fluorescence
domains of the same color occurred within the sperm head,
comparable in brightness and size.

The instrumentation used in this study was similar to the
system optimized for Vysis centromere-specific probe ima-
ging, reported by Netten et al. (16), and included the use of a
Zeiss Axioscope Microscope with five filters including a dual
band-pass excitation filter, single excitation filters, and a dual
band-pass emission filter. The automated laser cytometery sys-
tem proceeds by (a) autofocusing the microscope on every
field of view (segmentation) by moving the stage first in the
X- and Y-axis and then into the Z-direction, capturing images
in different focus planes and analyzing the focus quality based
on local contrast criteria. During the subsequent scan, the
slide is automatically kept within the plane of best focus, (b)
acquiring the counterstained and FISH labeled images, (c)
analyzing the images to define the position of the nuclei and
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the number of FISH signals inside of them, and (d) perform-
ing all the stage movements and filter changes required to scan
the area. The scoring of nuclei by the image classifier was
operationalized using the guidelines detailed earlier, and
nuclei were selected based on area, contour ratio, sphericity,
and eccentricity (16).

Data Analysis

Patterns of X, Y, and XY disomy were examined, and fre-
quencies from the automated system and manual system from
the same 500 or more cells were compared. Because the coor-
dinates for scanned cells positions are recorded by the auto-
mated system, the same cells can be relocated easily and scored
manually. A slide grid was used to locate the same five separate
locations on the slide, from which 100 cells each were captured
and scored. Four separate slides (one sample per slide), each
with at least 98% hybridization efficiency were compared, and
a total of 2,127 cells were scored using both systems. To com-
pare the event frequencies using each method, statistical test-
ing was performed using two sample tests of frequency differ-
ence with Pearson’s chi-square or Fisher’s exact tests when no
more than five cells were encountered in a category. We calcu-
lated p values for comparing the difference between manual
and automated methods on each slides, as well as a P value for
pooling all four slides together, within disomy conditions.

REsurrs

Table 1 presents the results comparing the automated and
manual methods in scoring the same 500 or more cells. The
percentage estimated by different methods and from different
slides varied. X18 and Y18 frequencies ranged from 29.41
(auto) to 54.60 (manual), X disomy frequencies ranged from
0.00 (manual) to 0.89 (manual), Y disomy ranged from 0.00
(both auto and manual) to 2.67 (auto), and XY disomy ranged
from 0.00 (manual) to 0.89 (manual). However, none of the
estimated frequencies was significantly different between man-
ual and automated methods, regardless of whether individual
slides or pooled results across all four samples were compared.
Differences in frequencies of X18 approached borderline sig-
nificance for sample 3 (auto: 29.4 vs. manual: 34.9; P = 0.06);
however, this difference did not approach significance when

Automated Scoring of Multiprobe FISH in Sperm
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Figure 1. Five instances of XY 18 disomy detected in sperm nuclei from four samples using automated image segmenting software, three
fluorescent centromere-specific probes, and DAPI for nuclei staining. Signals were seen in the X, Y, and 18 chromosomes in the same

nuclei.

the X18 results were pooled across all four samples (pooled P
= 0.43). Image 1 depicts five instances of XY18 disomy in
each of the four slides, including two examples from slide 3
(Fig. 1).

DiscussionN

The results from this initial exploration of automated
scoring of sperm FISH provide evidence that the automated
laser scanning of multiprobe sperm FISH should be explored
further. However, these results should be interpreted with cau-
tion due to the small number of cells scored. In one sample,
the difference between X18 frequencies for manual and auto-
mated approached borderline significance with a difference of
almost 5%. The promise of this technology lies in the ability
to conduct large sample studies investigating thousands of
sperm nuclei per sample, and further quantification of this
type of variability needs to be explored in larger investigations.
Accurate estimates of sperm disomy are hard to achieve due to
their rarity. Results did not show evidence of major discrepan-
cies in automated and manual estimates for disomy in either
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the individual or the pooled samples. Prior reviews of sperm
FISH results in normal men have reported the following
ranges (%): X disomy: 0.03-0.37; Y disomy: 0.04-0.21; XY:
0.06-0.42 (17). Another review recently reported that the per-
cent total disomy for the sex chromosomes averaged across 23
studies of normal men using multicolor FISH was 0.26 (18).
The disomy frequency estimates from this study were higher
than these previously reported ranges. However, considerable
differences in disomy frequency for specific chromosomes
have been identified (19) and are potentially attributed to
interdonor heterogeneity and/or different methodologies used
among laboratories (primarily the type of DNA probes used,
the scoring criteria applied, or the number of sperm analyzed)
(18). For example, a recent report of over 70,000 sperm scored
in healthy men reported higher disomy ranges per 10,000
sperm than reported previously: (%)-X disomy: 0.4 = 0.5 —
3.1 = 1.7; Ydisomy: 0.7 = 1.1 — 9.8 = 4.7; XY: 0.7 = 0.8 —
14.1 * 1.3 (20).

Automated cell imaging, segmentation, and scoring sys-
tems with multichannel capabilities have been developed for
studying chromosomal aberrations using FISH in normal lym-
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phocytes (6-9) and amniocytes (5) and in cancer cells (21),
and for determining telomere length (11,12). However, appli-
cation to FISH in human spermatozoa has posed a unique set
of challenges. Human sperm nuclei are small and highly con-
densed in comparison to other cell types and therefore sample
preparation and spread is critical to achieve adequate decon-
densation, hybridization, and uniform distribution of nuclei
for automated image segmentation. Nuclei that are overlap-
ping, with indistinct margins, abnormally large or small, or
with weak fluorescent signals cannot be scored manually or by
the automated system and these noninclusive events can result
in considerable cell loss. Capturing a large number of nuclei to
accurately estimate disomy or aneuploidy is therefore difficult
if the slide preparation and hybridization protocol do not
uniformly achieve these criteria. Therefore, optimizing auto-
matic scoring of sperm nuclei has the technical demand of
proper programming of the image classifier to adhere to
strict-scoring criteria, the procedural demand of uniform sam-
ple preparation, decondensation, and hybridization, and the
high throughput demand of maximizing the number of scored
nuclei.

The results from this pilot study support further optimi-
zation and testing in more samples using larger numbers of
sperm cells, so that the true promise of automated scoring,
mainly efficient and accurate high throughput analysis in
research studies can be realized. We are currently conducting a
larger validation study comparing automated versus manual
estimates from 10 separate sperm samples of 10* cells each,
the results of which should be available in the coming year.
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