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Abstract
Introduction Complex chromosomal rearrangements (CCRs) involve two or more chromosomes and at least three break-
points. Due to their complexity, they are associated with a high number of unbalanced gametes, whose fertilization is often 
incompatible with viable fetal development. Preimplantation genetic diagnosis (PGD) is usually offered to those patients 
and typically shows modest results considering the high number of unbalanced embryos. We previously showed that a sperm 
selection process using the hypo-osmotic swelling test (HOST) allows for an 83% reduction in the proportion of unbalanced 
spermatozoa (US) in male rearrangements carriers. This is the first report of the use of this procedure in a CCR carrier.
Case description We report on the case of a 36-year-old male t(4;7;14)(q12;p21;q11.2) carrier who presented to our center 
for infertility. Sperm fluorescent in situ hybridization showed an 88% proportion of unbalanced spermatozoa. After hypo-
osmotic incubation and selection of spermatozoa with a specific flagellar conformation, the proportion of unbalanced sper-
matozoa dropped to 15%.
Discussion In the present case, we show that it is possible to select chromosomally balanced prior to in vitro fertilization 
in male CCR carriers. This technique has the potential of increasing the proportion of euploid embryos and therefore the 
chances of healthy pregnancy and birth.
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Introduction

The most common form of chromosomal rearrangement 
in humans, with a prevalence of approximately 1/500 
in the general population, is balanced chromosomal 

rearrangements [1]. Two types are observed: reciprocal 
translocations and Robertsonian translocations.

Complex chromosomal rearrangements (CCRs) are bal-
anced chromosomal structural aberrations that involve two 
or more chromosomes and at least three breakpoints [2]. 
This abnormality generally has no influence on the patient’s 
phenotype when it is balanced [3]. However, they exhibit a 
higher risk of reproductive failure, with an increased risk of 
spontaneous abortions, fetal malformations, and infertility. 
Indeed, the proportion of unbalanced gametes is typically 
high in complex translocation carriers. It has been reported 
that the chances of balanced or normal embryos in couples 
with a CCR carrier are < 6% [4].

CCRs are classified according to the total number of 
breakpoints and their locations on the chromosomes [5]. 
Indeed, they can be divided into three distinct catego-
ries. The first is called “three-way exchange” and involves 
three chromosomes with each undergoing a break and 
an exchange of the distal segments. The second is called 
“exceptional CCR” and involves more than one breakpoints 
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per chromosome. Finally, “double bidirectional transloca-
tions” involve two or three independent translocations in 
the same carrier.

As in more common chromosomal rearrangements, the 
only mode of segregation leading to the formation of bal-
anced gametes is the alternate mode and is associated with 
normal fetal development. All other modes can lead to spon-
taneous abortions or fetal malformations. The segregation 
modes can theoretically be of type 3:3, 4:2, 5:1, and 6:0 
leading to 64 possibilities. The 3:3 mode includes 20 differ-
ent possibilities, but only two of them lead to the formation 
of balanced gametes [1].

An assessment of the proportion of chromosomally bal-
anced and unbalanced spermatozoa is an indispensable part 
of genetic counseling. It allows the couples to choose to have 
a child either by natural pregnancy with prenatal diagno-
sis or by in vitro fertilization with preimplantation genetic 
diagnosis. However, the chances of producing a normal or 
balanced embryo for CCR carriers are low.

Our team has recently shown that it was possible to select 
for balanced spermatozoa in balanced chromosomal rear-
rangement carriers [6], as well as in double Robertsonian 
translocation carriers [7]. A study of sperm morphology 
after incubation in a hypo-osmotic medium (HOST) allows 
an average reduction in the proportion of sperm carrying 
unbalanced chromosomal content of 83%.

Here, we present a sperm segregation study performed 
in a male carrier of a 46,XY,t(4;7;14)(q12;p21;q11.2) 
balanced complex translocation and discuss the value of 
HOST-based sperm selection in increasing the proportion 

of chromosomally balanced gametes (and therefore decrease 
the proportion of aneuploid spermatozoa).

Case presentation

We present the case of a 36-year-old male patient who ini-
tially presented with primary infertility and type 2 narco-
lepsy (without cataplexy). Routine sperm analysis did not 
show any abnormalities.

His 38-year-old partner had a normal infertility work-up. 
Routine semen analysis showed teratozoospermia (concen-
tration: 40 million/ml, volume: 1.9 ml, vitality: 66%, pro-
gressive motility 35%, sperm morphology: 1% normal). 
One spontaneous miscarriage occurred in 2005. The cou-
ple elected for intra-uterine insemination twice in 2012 and 
2013. The first one performed with the partner’s sperm was 
unsuccessful, while the second performed with donor sperm 
led to the birth of twin girls.

Informed consent was obtained from the patient. Karyo-
type on blood lymphocytes revealed a balanced complex 
translocation of the “three-way” type: 46,XY,t(4;7;14)
(q12;p21;q11.2) (Fig. 1). CGH-array confirmed that the 
rearrangement was balanced (Fig. 2).

The patient’s semen sample was obtained by masturba-
tion after 2 to 7 days of abstinence. The semen sample was 
divided into three parts: native, discontinuous gradient cen-
trifugation (DGC), and DGC + HOST (Fig. 3a). The native 
sample was washed in phosphate buffered saline (PBS) and 
then fixed on slides. The other two fractions underwent 

Fig. 1  A Karyotype analy-
sis a 46,XY, t(4;7;14)
(q12;p21;q11.2) cytogenetic 
formula. B, C, D: FISH on 
blood lymphocyte chromo-
somes. Chromosomal painting 
techniques highlight breakpoints 
locations on chromosomes 4, 7, 
and 14
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discontinuous gradient centrifugation (DGC) as described 
previously (Rouen A, et al. 2019). The DGC-only fraction 
part was fixed. The DGC + HOST sample was incubated 
in a hypo-osmotic solution of sodium citrate and fructose 
(450 mOsm, 75 mM fructose, 25 mM sodium citrate). This 
process, called HOST (hypo-osmotic swelling test), makes 
it possible to distinguish category B + spermatozoa which 
have been shown to contain significantly fewer chromosomal 
imbalances in carriers of chromosomal rearrangements 
(Fig. 3b) [6].

FISH was performed as previously described [7]. In-
house contiguous probes and commercial probes were 
selected to allow for a non-ambiguous analysis of chromo-
somal content in sperm nuclei (Fig. 4).

We used the following probes (Fig. 4A): Vysis 4q red and 
contiguous 4q green (this combination gives a yellow sig-
nal), Rainbow 7p22 red, Vysis 7q red, rainbow 14q 32 green, 
vysis 4 centromeric blue. The specificity of the probes was 
first confirmed by performing FISH on the patient’s blood 
chromosomes (Fig. 4B).

This type of complex translocation can potentially lead to 
64 different chromosomal combinations. Each combination 

of signals was specific for one or more chromosome segrega-
tion modes. However, probe locations on the chromosomes 
allowed for balanced spermatozoa to be associated with a 
specific signal combination (blue, green, red, red, yellow) 
(Table 1). Three hundred spermatozoa were analyzed for 
the first and second fractions, and 20 HOST B + sperm were 
analyzed.

In the native sample, 88% of spermatozoa were unbal-
anced. After DGC, 85% of spermatozoa were unbalanced 
(p = 0.77). After HOST-based sperm selection, 15% of sper-
matozoa were unbalanced (p = 0.002).

Discussion

Advances in cytogenetics as well as in reproductive medi-
cine have improved the detection of CCR. Over 160 cases of 
men with CCR have been reported in scientific publications 
[8]. The majority of these men exhibit an abnormal sper-
matogenesis resulting in infertility [9]. About 75% of these 
anomalies appear de novo or are inherited from the mother 
[5, 8]. CCR arise as a result of replication or recombination 

Fig. 2  CGH-array confirms that the rearrangement is balanced, with no pathogenic deletion or duplication in the vicinity of the breakpoints 
(here: chromosomes 4, 7, and 14)
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errors that lead to the accumulation of DNA defects. Addi-
tionally, some germline CCR can be caused by a chromoth-
ripsis event during spermatogenesis [10, 11].

Sperm FISH techniques make it possible to directly study 
the meiotic chromosomal segregation of those complex rear-
rangement. Several reports of sperm FISH studies on com-
plex chromosomal rearrangements involving three different 
chromosomes have been published. The first to our knowl-
edge was performed on the carrier of a t(2;11;22) complex 
translocation [12]. Of the 208 spermatozoa analyzed, the 
proportion of chromosomally balanced spermatozoa was 

13.5%. Another meiotic segregation analysis of a balanced 
t(5;13;14)(q23;q21;q31) CCR showed a proportion of 27% 
balanced spermatozoa [5]. Loup et al. performed an original 
analysis of a CCR t(1;19;13) carrier, using a combination 
of combining FISH and PRINS techniques, allowing for a 
larger number of fluorochromes to be used simultaneously 
on the same sperm preparation [13]. Overall, those reports 
highlight the paucity of balanced spermatozoa in CCR car-
riers. In addition, the proportion of those balanced gametes 
seems to differ from one CCR carrier to another, as is also 
the case in reciprocal and Robertsonian translocations [6]. 

Fig. 3  A The sperm sample 
is divided into 3 parts. The 
first part (native) was washed 
with PBS before being fixed. 
The second (DGC) underwent 
discontinuous gradient cen-
trifugation before being fixed. 
The third part (DGC + HOST) 
also underwent discontinuous 
gradient centrifugation then was 
incubated in a hypo-osmotic 
solution (HOST) for 10 min 
before being fixed. B After 
incubation in the HOST solu-
tion, the flagella adopt different 
conformations allowing them 
to be classified into 7 catego-
ries. C B + spermatozoa can be 
identified by the presence of a 
small loop at the tip of the fla-
gellum with an L/D ratio > 20, 
with L being the length of the 
flagellum and D the diameter of 
the loop [6]
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Segregation analysis, on a given chromosomal rearrange-
ment carrier, is indispensable to provide appropriate genetic 
counseling.

The strategy we describe here allowed us to establish 
the proportion of unbalanced and balanced spermatozoa for 
this patient (Tables 1, 2, and 3). We were able to study the 

Fig. 4  A A set of probes was used to study chromosomal segregation 
in the patient’s spermatozoa. In order to obtain a non-ambiguous set 
of signal combinations, allowing for the identification of balanced 
and unbalanced modes, we used the following probes: 4q red and 4q 

green (resulting in a yellow-colored signal), 4 centromeric blue, 7p22 
red, 7q red, and 14q 32 green. B FISH on blood lymphocyte chromo-
somes. From this, we assessed the specificity of the probes that were 
used on spermatozoa

Table 1  Chromosomal segregation study in spermatozoa from the 
native sample. The table shows the proportions of the observed com-
binations. Balanced sperm are associated with a unique combination 
of probes (blue, green, red, red, yellow). We found an 12% propor-

tion of balanced spermatozoa (in green), either without or without the 
translocation (88% unbalanced spermatozoa). With the present tech-
nique, it is not possible to distinguish between the chromosome com-
binations marked with * and **

4 7 4 7 4 4 7 7 4 7 4 7 4 4 7 7 4 4 7 4 4 7 4 7 7 4 7 7 4 7 4 7

14

12%*

12%*

3.3% 0.7%1.3% 5% 3.7% 2.3% 1% 1.7% 2.7%0.7%0.3%

2.3% 2.7% 2% 5%0.7% 3% 1.3% 1.7% 1.7%1%

4.7%** 1.3% 0.3%0.7% 1.7% 1.7% 6%** 1% 3% 1%

4% 1.3% 1.3%1% 5% 5.7%1.7% 0.3%1%

1%0.3%

0% 0% 0% 0%

0% 0% 0% 0% 0%

0%0%0%0%4,7%**

0%0%0%

0%

0%

6%**

Table 2  Chromosomal segregation study in spermatozoa after dis-
continuous gradient centrifugation (DGC). The table shows the pro-
portions of the observed combinations. Balanced sperm are asso-
ciated with a unique combination of probes (blue, green, red, red, 

yellow). We found a 15% proportion of balanced spermatozoa (in 
green), either without or without the translocation (85% unbalanced 
spermatozoa). With the present technique, it is not possible to distin-
guish between the chromosome combinations marked with * and **

4 7 4 7 4 4 7 7 4 7 4 7 4 4 7 7 4 4 7 4 4 7 4 7 7 4 7 7 4 7 4 7

14

15%*

15%*

4% 0.7%1% 1% 2.3% 2.3% 2% 0.3% 2.3%2%1%

2.3% 4% 2.3% 1%0.3% 3.3% 0.3% 2% 1%0.7%

6.3%** 1% 0%0% 2.3% 0.7% 8.7%** 0.3% 2.3% 1%

2.3% 1.3% 0.7%0.7% 2.7% 4%1% 1.3%0.7%

1%0.3%

2.3% 0% 0.7% 0%

0% 0.3% 0% 1.3% 0%

0%1.7%0%1.7%6.3%**

0%0.7%1%

0.3%

0.3%

8.7%**

37Journal of Assisted Reproduction and Genetics (2023) 40:33–40



1 3

segregation of this complex translocation involving three 
chromosomes in a single hybridization step, with four dif-
ferent signals (Fig. 4). The balanced segregation mode was 
associated with a specific combination (blue, green, red, red, 
yellow), while it was not possible to distinguish between bal-
anced carrier and balanced non-carrier spermatozoa.

In the native sample, we observed a proportion of 88% 
unbalanced spermatozoa. After DGC, we observed a pro-
portion of 85% unbalanced spermatozoa. DGC is a tech-
nique routinely used in assisted reproduction laboratories 
for sperm preparation. We showed in a previous study 
that it allowed for a modest but significant decrease in the 

proportion of unbalanced spermatozoa [14]. In this study, 
we observed a non-significant decrease of unbalanced sper-
matozoa after DGC.

HOST has been used in assisted reproduction laboratories 
to select viable spermatozoa [15, 16]. Spermatozoa react to 
incubation in a hypo-osmotic solution, causing the flagella 
to adopt different shapes. Spermatozoa are categorized based 
on their flagellar conformation.

According to our previous study, the selection of sperma-
tozoa called “B + ” would allow for a mean 84% decrease 
of unbalanced spermatozoa [6]. The L/D (length of the fla-
gellum over the diameter of the loop) ratio was evaluated 

Table 3  Chromosomal 
segregation study in 
spermatozoa after incubation 
in a hypo-osmotic solution 
(HOST), showing the respective 
proportions of the different 
segregation modes based on the 
different HOST classes. The 
optimal class was B + , with 
15% unbalanced spermatozoa

Segregation modes A B + B C D/E F G

Balanced 4 + 7 + 14/
4der + 7der + 14der

6% 85% 35% 5% 10% 5% 4%

4 + 14 + 14der/
4der + 7der

4% 0 10% 15% 0 15% 12%

4der + 7 + 7der/
4 + 7 + 14 + 14der

0 0 0 5% 5% 0 2%

4der + 7der + 14 + 14der 0 0 0 0 0 0 2%
4 + 4der + 7 + 7der 2% 0 0 0 0 0 0
4 + 7der + 14 + 14der 4% 0 0 0 0 0 0
4 + 4der + 7der + 14der 0 0 0 0 0 0 2%
4 + 7 + 7der + 14 0 0 0 0 0 0 2%
4der + 14 + 14der 4% 0 15% 0 5% 0 2%
4der + 7der + 14 2% 5% 0 0 0 0 0
4 + 4der + 7der 4% 0 0 0 0 5% 0
4 + 4der + 14der 4% 0 0 10% 0 10% 2%

Unbalanced 4der + 7 + 14der 4% 0 0 0 0 0 2%
7der + 14 + 14der 2% 0 0 0 5% 5% 2%
4 + 4der + 7 2% 0 0 0 0 0 2%
4der + 7 + 14 2% 0 0 5% 0 0 0
4der + 7 + 14der 0 0 0 5% 5% 0 0
4 + 7 + 14der 0 0 0 5% 5% 0 4%
4 + 4der + 14 0 0 0 0 0 0 2%
4 + 7 8% 0 15% 5% 5% 0 8%
4 + 14 10% 0 0 5% 5% 5% 6%
4 + 4der 4% 0 5% 5% 0 0 0
4der + 7 8% 5% 0 0 5% 25% 4%
4 + 14der 8% 5% 5% 10% 15% 5% 10%
7der + 14 0 0 0 0 0 5% 4%
7 + 14 2% 0 5% 0 0 0 0
7der + 14der 4% 0 0 5% 0 0 4%
4der + 14der 0 0 5% 10% 15% 0 6%
4 + 7der 2% 0 0 5% 5% 5% 10%
7 + 7der 0 0 5% 0 0 0 2%
7 + 14der 0 0 0 5% 5% 5% 0
4 8% 0 0 0 5% 10% 8%
4der 4% 0 0 0 0 0 0
7 0 0 0 0 5% 0 0
7der 2% 0 0 0 0 0 0
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over several thousand spermatozoa in that study and was 
empirically found to be over 20 in B + spermatozoa. HOST-
based sperm selection has previously been demonstrated by 
our team to be of interest on patients with different cases of 
structural abnormalities [7]. In the present case, we observed 
a proportion of unbalanced spermatozoa of 15% after selec-
tion of B + . With HOST-based sperm selection, we observed 
a mean 83% decrease of unbalanced spermatozoa.

The mechanism through which HOST allows for the 
selection of balanced spermatozoa remains unclear. It has 
been shown that there is an association between HOST mor-
phology and different sperm quality parameters [17–21]. We 
showed that in chromosomal rearrangement carriers, sper-
matic nuclear architecture was altered [22]. It is likely that 
this hinder normal spermatic nuclear condensation, which 
leads to larger spermatic nuclei among unbalanced sperma-
tozoa [23]. This could act as a trigger for an apoptosis pro-
cess, leading to an alteration of the membrane, and in turn to 
changes in the reaction to changes of osmolarity.

Preimplantation genetic diagnosis (PGD) is routinely 
offered to couples with chromosomal rearrangements in 
order discard unbalanced embryos. Only a few cases of PGD 
with a CCR carrier are reported. Pellestor et al. reviewed the 
PGD cycles in 6 patients with CCR. Among the 129 geneti-
cally analyzed embryos, only 9 were balanced [5]. Frumkin 
et al. estimated that the probability of balanced embryos 
for carriers of CCR is about 9.25%, compared to 20–30% 
chance of balanced embryos in case of translocation recipro-
cal between two chromosomes [24]. One of the limiting fac-
tors is therefore the number of retrieved oocytes, since most 
of them will be fertilized with an unbalanced spermatozoon.

Along with previous publications on the subject, this case 
reports suggests that HOST-based sperm selection can be 
offered to patients with rare and complex chromosomal rear-
rangements, associated with a high proportion of unbalanced 
gametes, to potentially improve reproductive outcome.

Data availability The data that support the findings of this study 
are available on request from the corresponding author, Alexandre 
ROUEN.
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