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Abstract

Background: Embryonic aneuploidy usually results in implantation failure and mis-
carriage. Considering significantly high frequency of sperm aneuploidy reported in
oligoasthenoteratozoospermia (OAT) using fluorescence in situ hybridization (FISH)
in limited number of chromosomes and lack of comprehensive chromosome screen-
ing (CCS) in OAT, the aim of this study was applying CCS in OAT sperm and com-
parison of the results with FISH findings.

Methods: Five OAT patients with normal blood karyotypes and history of implanta-
tion failure were included. The successfully amplified samples, each containing two
sperm, were analyzed by array comparative genomic hybridization (aCGH). FISH
was utilized mainly depending on the aneuploidies found by aCGH to assess their
frequencies in total sperm population.

Results: In aCGH for 30 sperm, aneuploidy was found in 66% of samples. Follow-
ing the study of 4300 sperm by FISH, an average of 55.46% aneuploidy was ob-
served. No pregnancy was resulted with normal partners.
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Introduction

ples worldwide according to WHO estima-
tions and approximately half of these prob-
lems are due to a male factor (1). Aneuploidy as a
numerical chromosome abnormality is considered

Fertility problems affect 60-80 million cou-

one of the main causes of pregnancy loss (2). Ma-
ternal parameters such as age and meiotic defects
are associated with production of chromosomally
abnormal embryo and reduced quality of embryo
(3); however, scarce information is available on
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the role of paternal factors. Total aneuploidy of
4.5% was calculated in normozoospermic males
based on common studies that employed fluores-
cence in situ hybridization (FISH) (4). Men with
abnormal seminal parameters but normal karyo-
type carry more chromosomal aberrations such as
malsegregation; interestingly, their sperm aneu-
ploidy rate is higher than normal or infertile men
with normal spermatozoa (5). According to vari-
ous studies conducted in the field of sperm aneu-
ploidy in individuals with different phenotypes of
infertility (Oligozoospermia, asthenozoospermia
and teratozoospermia), there is a significantly
high incidence of aneuploidy in spermatozoa from
severely oligoasthenoteratozoospermic (OAT) pa-
tients (6, 7) compared to moderate OAT subjects
(11). OAT patients have lower rate of gestation
and implantation after intra cytoplasmic sperm
injection (ICSI) treatment (8-10).

FISH as a commonly used method to detect an-
euploidy has facilitated examination of sperm in
severe male factor infertility. Different rates of
total aneuploidy have been reported due to differ-
ent and limited number of chromosomes studied
as one of the major problems of using FISH for
comprehensive study of aneuploidy. Few studies
have employed aCGH for sperm aneuploidy as-
sessment in a single sperm case (11, 12). The de-
velopment of a comprehensive tool and the accu-
rate assessment of all chromosomes would allow
us to improve our understanding on the patho-
physiology of spermatogenesis. It estimate the
paternally derived aneuploidy risk and hence bet-
ter manage the high risk in patients for transmit-
ting chromosomal abnormalities during in vivo or
in vitro conception.

According to FISH findings, due to limited num-
ber of chromosomes in OAT and lack of simulta-
neous evaluation of all chromosomes in OAT pa-
tients, this proof of concept was designed to better
evaluate the contribution of aneuploidy in OAT.
Comprehensive aneuploidy screening was applied
in spermatozoa collected from these subjects at

single sperm resolution by aCGH as a powerful
technique for aneuploidy detection and the results
were compared with those obtained by FISH find-
ings in total sperm population of the same sub-
jects.

Methods
The protocols used in this study were approved
by Institutional Review Board and informed con-
sent was obtained from all the patients after ap-
proval of the study by the Institutional Ethics
Committee.

Patients: Fresh semen samples were collected
from five infertile men with severe OAT. All the
subjects had sperm concentrations <5 million/ml,
total motility <40% and severe teratozoospermia
with 0-1% normal forms according to WHO
guidelines (2010); the patients were referred for
treatment of infertility and underwent ICSI. They
had normal blood karyotypes and a history of im-
plantation failure. Patients with Y chromosome
microdeletions, chemotherapy, exposure to toxici-
ty, high temperature, varicocele, genitourinary in-
fections, malignancy and sex hormones alterations
were excluded from the study. Female partners
were reproductively healthy and <36 years old.
The history and characteristics of couples and se-
men parameters are summarized in table 1.

Sperm preparation and isolation for aCGH: A part
of all semen specimens was used for ICSI and the
remainder was employed for aCGH analysis and
FISH. A small aliquot of semen was rinsed two
times in Ham’s F10 medium and centrifuged at
2700 rpm for 5 min. A pellet of almost 2 pl was
placed into a polyvinylpyrrolidone (PVP) drop for
immobilization and convenient handling of sperm;
then, 2 spermatozoa were aspirated and trans-
ferred to 0.2 ml PCR tube in a drop containing 2
pl of sterile phosphate-buffered saline (PBS) with-
out calcium and magnesium (Gibco, UK). 4 sam-
ples were prepared for each patient.

aCGH analysis: Whole Genome Amplification

Table 1. Characteristics and semen parameters of OAT patients

Arul-mammy/:dny wody papeojumog

Patients  Age Infertility duration  Implantation failure  Volume  Sperm concentration '_I'9tal Normal
(year) (cycles) (ml) x108/ml motility (%)  morphology (%)

P1 38 10.5 1 3.5 2 10 1

P2 36 2 1 2 4 30 1

P3 33 6 4 2 1.5-2 10-15 0-1

P4 36 8 1 15 3 10 1

P5 35 7 2 3 0.01 2-3 0
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was conducted according to 24 sure V3 protocol.
Decondensation was performed as previously de-
scribed (13) using proteinase K and dithiothreitol
(DTT) between two steps of extraction and pre-
amplification. Samples were loaded on 1% aga-
rose gel and those with successful amplification
were analyzed by 24 sure illumina platform aCGH
protocol according to manufacturer’s instructions.
The images of hybridization were scanned by a
laser scanner (InnoScan 710, Innopsys, France),
then analyzed by BlueFuse Multi Software ver-
sion 4.1.

Preparation and decondensation of sperm nuclei for
FISH: Semen samples were prepared by washing
according to a previously described protocol (16).
Double or triple color FISH was used with 10-11
relevant probes (Vysis, USA), mainly based on
aneuploidies found by aCGH, to compare the re-
sults of single sperm aCGH with total sperm pop-
ulation. For each subject, probes were added to
the parts of the slides with suitable density as in-
dicated in supplementary table 1. FISH was per-
formed using the protocol introduced by the man-
ufacturer (Vysis, USA).

FISH scoring criteria: Only spermatozoa with
clear signals were analyzed. Two completely sep-
arate spots in one spermatozoon were considered
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disomy and if there was no signal, nullisomy was
accounted. However, if nullisomy was observed
in all chromosomes examined in a slide, it was not
scored due to the probable lack of hybridization.
Overlapped cells with doubtful signals were also
ignored.

Results

The age of our patients ranged from 33 to 38
years with 2-10.5 years of infertility and 1-4 cy-
cles of implantation failure, as mentioned in table
1. Totally, 15 out of 20 samples had successful
amplification and good quality for aCGH, which
were included in aCGH data analysis. A wide
range of abnormalities was found in OAT sperm
by aCGH. Aneuploidy was detected in 66% of
samples ranging from 1 to 6 chromosomes per
patient. Multiple aneuploidy was seen in 26.6% of
samples. In total, sex chromosome disomy and
trisomy were detected in 26.6% of samples. Also,
33.3% of samples were found to be normal. Next,
those abnormal chromosomes for FISH with more
possibility to involvement of entire chromosome
were nominated, mainly according to aCGH find-
ings. The results of aCGH data analysis for all
patients and some genomic profile examples are
presented in table 2 and figure 1, respectively. In

Table 2. Array CGH analysis results of OAT patients

Arul-mammy/:dny wody papeojumog

Chromosomes
Subjects (ts(?tr;glf;) Loss
P1
1 4,5,8,19 3,6,14,21
2 14 16, 21, 22
3 -
P2
1 6,8,9 10,16,18 1,11,13, 14,17, 20,21
2 3, 8,10, 13,16, 21 1,9,11,18
P3
1 6,7,8,11,12 2,10,17,21
3 20
P4
1 19, X
2 19, X
3 19, X, Y
P5
1 -
2 -
3 -
4 Y
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Figure 1. Array CGH profiles of OAT patients (A-D) and
different types of aneuploidy in OAT sperm population as
assessed by FISH (E-G). A) A genomic profile with com-
plex abnormality for chromosomes -1+3+8-9+10-11+ 13+
16-18+21 in patient 2. B) Single chromosomal aneuploidy of
+20 in patient 3. C) A genomic profile with sex chromosome
aneuploidy (Gain of Y) in patient 5. D) A genomic profile
with gain of chromosome 19 and sex chromosome aneu-
ploidy (Gain of X/Y) in patient 4. E) Right, a sperm with
three signals for chromosome 3 (Red) and normal signal for
chromosome 16 (Aqua) and left, a normal sperm with single
signals for both chromosomes in patient 2. F) Double diso-
my for chromosomes 12 (Green) and 20 (Red) and normal
signal for chromosome 10 in patient 3. G) Disomy for chro-
mosome 10 (Aqua) and normal signals for chromosomes 12
(Green) and 20 (Red) in patient 3

FISH analyses, a total of 4300 sperm nuclei and
between 400-1286 sperm per subject with reliable
signals were analyzed depending on the volume of
semen, sperm depositions and the number of pre-
pared slides. Totally, 19 chromosomes, (10-11
chromosome per patient), were analyzed in this
study. Total aneuploidy was 38.25-81.6% with an
average of 55.46%. The frequencies of disomy
and nullisomy for autosomes and sex chromoso-
me aneuploidy are displayed in supplementary
table 2. Despite high fertilization rate and transfer
of 2-3 good quality embryos, none of our studied
patients had pregnancy after ICSI (Supplementary
table 3).

Discussion
Sperm aneuploidy occurs for several reasons
such as biological, clinical and environmental fac-

tors. In this study, an attempt was made to include
cases with relatively similar clinical conditions;
however, many factors could lead to different an-
euploidies in different cases or even different
sperm in the same case probably due to effect of
multiple components in chromosome-segregation
machinery (14). Such differences are also visible
in polar bodies and preimplantation embryos (15,
16).

Indeed, high-resolution aCGH technique con-
tributed to a better perception of whole genome
imbalances with high accuracy. In this study, 2
sperm were simultaneously studied to reduce ex-
penses of aCGH without affecting aneuploidy de-
tection accuracy. Despite a relatively small num-
ber of sperm in 5 patients (30 sperm in overall),
the explored abnormality was high. Since number
of obtained embryos from couples in average is
not usually more than 6, as shown in supplemen-
tary table 3, studying 6 sperm from each patient
could give an average estimation of aneuploidy
status.

Using aCGH, aberrations in chromosomes 19
and 20 were observed that are not typically stud-
ied by FISH studies and abnormalities in these
two chromosomes were found in 4 and 2 samples,
respectively of two individuals. Extensive infor-
mation about significant sperm aneuploidy rate in
OAT patients, particularly in those with severe
abnormal concentration, has been presented by
studies that employed FISH (8, 9, 10, 17) but lim-
ited capability of this approach for examining
large numbers of chromosomes led to insufficient
data about complexity of abnormalities in these
subjects’ spermatozoa.

Differences in types of frequent aneuploid chro-
mosomes at single sperm resolution and total
sperm population indicate an error prone segrega-
tion for all of chromosomes in OAT rather than
germline aneuploidies. Since aneuploidy could
occur for all chromosomes even in semen samples
of normal individuals with a more or less equal
chance, it seems logical to find different chromo-
somal aneuploidies in study of 6 sperm compared
with total population of sperm in the same patient
unless in cases with Klinefelter syndrome that
carry constitutional sex chromosomal abnormali-
ties (18).

In this study, 38.3-81.6% total chromosomal ab-
normalities were found in spermatozoa from OAT
patients which was nearly similar to a 14-chro-
mosome study in OAT (9). Although normal fer-
tile samples were not studied, aneuploidy preva-
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lence in normal fertile men with study of all or
large numbers of chromosomes has been reported
in a range of 4.5-7.8% (4, 9, 11, 12) that is obvi-
ously different from aneuploidy range in OAT.

Sex chromosomes studies stated that XY and
XX disomy was common in OAT patients (19,
20). In our FISH study, high frequency of XY
disomy was observed in 4 of 5 subjects and there
were no remarkable differences between the fre-
quency of XX and Y'Y disomy. Also, gain of sex
chromosomes was found in 26.6% of samples as
assessed by aCGH (Table 2) that indicated high
frequency of sex chromosomes’ aberrations in
OAT. Despite numerous studies on comprehen-
sive aneuploidy screening in oocytes, few studies
were about comprehensive aneuploidy screening
in a single sperm by aCGH (11, 12). Recently,
next generation sequencing (NGS) method has
been utilized for single sperm aneuploidy screen-
ing (21, 22). Despite a small number of patients,
these studies found a significant percentage of
abnormalities compared with normal controls.
Although our sample size was also small, regard-
ing the high incidence of aneuploidy in the current
comprehensive study and previous evidence from
FISH studies, our results might be generalizable
to larger populations of OAT; however, further
investigation of OAT patients with different in-
clusion criteria from current study will draw more
accurate conclusion.

Regarding chromosomal groups, F and G groups,
as the smallest chromosomes, were found to be
abnormal in aCGH of 4 and 5 patients, respective-
ly (Table 2); this was generally in accordance
with FISH results (Supplementary table 2). There
are not many publications available for F group,
mainly because of FISH limitations but more sus-
ceptibility to aneuploidy for G group is clear in
sperm studies (4, 8). A negative correlation be-
tween chromosome length and meiosis | segrega-
tion error has been highlighted (16).

To the best of our knowledge, this is the first
comprehensive study research investigation of
OAT patients with normal karyotypes; moreover,
aneuploidy was detected in sperm population by
FISH. Some studies elucidated that negative ef-
fects of impaired male fertility might lead to chro-
mosomal abnormalities in embryos (23, 24). It
should be reminded that follow up of our studied
patients revealed no pregnancy after ICSI (Sup
plementary table 3). A recent 18-year retrospec-
tive study reported the highest aneuploidy rate in
OAT patients among patients with abnormal se-
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men parameters. This study compared live birth
rate in patients with abnormal sperm FISH result
with/without PGT-A and revealed an obvious in-
crease of live birth rate following PGT-A (25).

Conclusion

In conclusion, frequency of aneuploidies found
by both aCGH and FISH techniques was consider-
able in OAT sperm. Aneuploidies of the single
sperm seem to be somewhat independent of fre-
quent aneuploidies in total sperm population.
Considering remarkable aneuploidy revealed in
the current study and previous evidence from
FISH studies, comprehensive PGT-A in OATs
specifically in those with a history of implantation
failure might be beneficial for transfer of chromo-
somally normal embryo.
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Supplementary table 1. Representative chromosomes assessed by FISH and specified probes
for each subject

Subjects Studied chromosomes Probes
P1
X, Y, 21 CEP X (DXZ1), CEP Y (DYZ1), LSI 21g22.1-22.2
5,18 TEL 5q, CEP 18
14,18 TEL 14q, CEP 18
19,22 TEL 19q, LSI 22911.2
8,13 CEP 8, LSI 13q14
P2
X,Y,18 CEP X, CEP Y(DYZ3), CEP 18
3,8 CEP 3,CEP 8
3,16 CEP 3,CEP 16
9,13,14 CEP 9, LSI 13, TEL 14q
11,13, 21 CEP 11, LSI 13, LSI 21
P3
X, Y, 21 CEP X, CEP Y, LSI 21
11,12 CEP 11, CEP 12
17,22 CEP 17, LSI 22
7,13,21 CEP 7,LSI13,LSI 21
10, 12, 20 CEP 10, CEP 12, CEP 20
P4
X, Y, 21 CEP X, CEP Y, LSI 21
19,22 TEL 19, LSI 22
13,18, 21 LSl 13, CEP 18, LSI 21
10, 12, 20 CEP 10, CEP 12, CEP 20
P5
X, Y, 21 CEP X, CEP Y, LSI 21
8, 22 CEP 8, LSI 22
13,18, 21 LSl 13, CEP 18, LSI 21
10, 12, 20 CEP 10, CEP 12, CEP 20

CEP: Centromeric probe (chromosome enumeration probe), TEL: Telomeric probe, and LSI: Locus-specific
identifier probe
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Supplementary table 2. Frequency of disomy and nullisomy in autosomes and sex chromosomes in OAT patients

Subject A":elﬁied Chromosomes abnormality rate%
3 5 7 8 9 10 11 12 13 14 16 17 18 19 20 21 22 XY XX YY XXY XYY éé Total
§ P1 726 25 17 23 4.7 0.88 0.8 35 24 25 0.5 2 0 0.5 0 23.78
£
§ P2 1286 3.6 2.8 14 10 13 0.72 15 4.7 3.2 5 0 0.6 0.3 0.6 0 37.52
[
g P3 782 12 0.4 13 33 14.5 2.2 10.3 4.6 8.8 6.4 11 0.8 0.8 0.8 0 54.9
-g P4 1100 12 45 5.2 2.6 2.6 2 2.6 2.6 5.4 12 0.8 0.6 0 0.2 30.7
g P5 400 33 2.3 4.6 15 6.0 23 5.2 25 7.2 16 2.4 0.8 16 0 337
é Mean 3.6 25 12 2.6 14 13 115 4.13 73 271 1.5 2.2 35 17 4.9 310} 4.1 58 0.9 13 0.5 0.7 g.z 36.12
= P1 726 0.9 0.6 0.0 3.77 0.4 16 3.0 37 0.5 14.47
é P2 1286 2.8 0.7 2.9 11 12 14 3.7 2:3 4.9 3.0 24
g s P3 782 2.4 6.9 0.7 13 24 4.4 17 6.3 0.0 11 26.7
S>
% E P4 1100 2.35 18 19 13 0.5 12 5.2 15 11 16.85
E P5 400 0.0 2.3 0.0 45 15 0.0 3.9 17 0.8 147
§ Mean 2.8 0.5 24 0.65 2.9 310) 0.9 155 14 215} 3.7 4.4 1.3 1.0 15 4.6 17 14 19.34
s
=
o
o]
Qo
D
o
—n
=
3
Supplementary table 3. Intracytoplasmic sperm injection (ICSI) outcomes of studied OAT patients _g
P1 P2 P3 P4 P5 =
No. of oocytes 5 16 7 11 14 g
No. of injected oocytes 5 11 7 10 14 .
N—
No. of embryos 4 2 5 10 =.
No. of embryos transferred 3 2 2 3 -
. 1x) Early blastocyst,
Quality of transferred embryos  (2x) 4B, 3B  (2%) 4B ( )(lX)yMoruIa 4 (2x) Compact morula  (3x) 4AB
Fertilization rate (%) 80 82 57 60 71
Clinical pregnancy 0 0 0 0 0
Live birth 0 0
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4B: 4-cell with grade B; 3B: 3-cell with grade B; 4AB: 4-cell with grade AB
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