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Background: The 47,XYY syndrome could result in fertility problems. However, seldom studies reported comprehensive researches on
the embryonic development and pregnancy outcomes of these patients. This study aimed to evaluate the clinical outcomes of nonmosaic
47,XYY patients performed with fluorescent in situ hybridization (FISH) and preimplantation genetic diagnosis (PGD) treatment.
Methods: This was a retrospective study. Between January 2012 and May 2017, 51 infertile males with nonmosaic 47,XYY syndrome
underwent FISH-PGD were included in the study. According to sex chromosomal FISH results, embryos were classified as normal
signal, no nuclei fixed, no signal in fixed nuclei, suspensive signal, and abnormal signal groups, respectively. The incidence of each
group, the fixation rate, and hybridization rate were calculated. Embryonic development and pregnancy outcomes were also analyzed.
The measurement data were analyzed with Student’s #-test. The comparison of categorical data was analyzed with the Chi-square test
and Fisher’s exact test when expected cell count was <5.

Results: The 53 PGD cycles with 433 embryos were analyzed. The fixation rate was 89.6%, while the hybridization rate was 96.4%. There
were 283 embryos with two sex chromosomal signals with clear diagnosis (65.4%). The numbers of no nuclei fixed, no signal in fixed
nuclei, suspensive signal, and abnormal signal groups were 45 (10.4%), 14 (3.2%), 24 (5.5%), and 67 (15.5%), respectively. Embryos with
abnormal signals were abandoned. The number of good-quality embryos was 210 (57.4%), including implanted embryos on day 4/day 5
and cryopreserved. The rates of good-quality embryos in the no nuclei fixed (22.2%), no signal in fixed nuclei (28.6%), and suspensive
signal groups (33.3%) were comparable (P > 0.05), and were significantly lower than the normal signal group (66.4%, P < 0.001). The
clinical pregnancy rates of fresh and frozen embryos transferred cycles were 70.6% and 85.7%, respectively.

Conclusions: Among embryos with a clear diagnosis of sex chromosome, about one-fifth showed abnormal signals. Embryos with two
sex chromosomal signals are more likely to develop into good-quality ones. The application of the PGD by FISH may help to improve
the clinical outcomes.
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INTRODUCTION

The 47,XYY syndrome is characterized by an extra
Y chromosome in a man’s cells. It is the most common
aberration of sex chromosome after Klinefelter syndrome
(47,XXY),# as found in 1 out of 1000 male live births.®) The
47, XYY syndrome could show different influences on men’s
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sperm counts, ranging from normal to even azoospermia.
For those who have difficulty achieving pregnancy, the
treatment of in vitro fertilization (IVF) or intracytoplasmic
sperm injection (ICSI) with medical genetics counseling
seems to be a good choice. Meanwhile, some researchers
recommended the potentially preimplantation genetic testing
to realize the potential risks to their offspring.™!

The 47,XYY syndrome could result in high frequency
of embryo aneuploidy, while preimplantation genetic
diagnosis (PGD) by fluorescent in situ hybridization (FISH)
is helpful for selecting and transferring chromosomally
normal embryos.®) However, seldom studies reported
comprehensive researches on the embryonic development
and pregnancy outcomes of these patients. Therefore, this
study aimed to investigate the results of sex chromosomal
of embryos performed with PGD by FISH and analyze the
pregnancy outcome of patients with 47,XYY syndrome.

MEeTHODS

Ethical approval

The study was approved by the Institutional Review Board
of Center for Reproductive Medicine, Shandong University.
As a retrospective study and data analysis were performed
anonymously, this study was exempt from the informed
consent from patients.

Study population

This is a retrospective study. A total of 51 infertile males with
nonmosaic 47,XYY syndrome who underwent FISH-PGD
treatment from January 2012 to May 2017 were included
in the study. All patients underwent ICSI treatment due to
poor sperm quality (sperm concentration <1.0 million/ml).

Data collection

ICSI was applied to all MII oocytes. After 18-20 h
observation, fertilization was determined by the presence
of pronuclei. The zygotes were transferred to drops of
G-1 (Vitrolife, Sweden) for culture. The embryo cleavage of
the two pronuclear oocytes was evaluated 41-44 h (day 2)
and 65-68 h (day 3) after ICSI. The embryos were graded
as high quality when the number of blastomeres was
between 6 and 10; additionally, all of the blastomeres had
equal or almost equal size, and the percentage of anucleated
fragments was <25% on day 3, blastomere biopsies were
performed on embryos with >6 cells, and grade better than
2’ according to Puissant’s criteria on day 3.7

A total of 433 embryos were biopsied 69-72 h after
insemination. Biopsied embryos were rinsed repeatedly
and placed individually in extended microdroplet culture
for potential embryo transfer pending FISH analysis. One
blastomere with clear nucleus was biopsied from each embryo
(6-10 cells). The isolated blastomeres were individually
placed on a glass slide. The fixation and hybridization
procedure was conducted as reported previously.®? FISH
was performed on fixed blastomeres using probes specific for
chromosomes X and Y. The samples were assessed at x1000

magnifications with fluorescence microscope (OLYMPUS
BX53; OLYMPUS CORPORATION; Japan). The image
information was recorded and analyzed by FISH analysis
software (VideoTesT-FISH 2.1; VideoTesT Ltd.; Russia).

According to the sex chromosomal results, the embryos
were classified as normal signal (with clear XX or XY
signals diagnosed, Figure 1a), no nuclei fixed [Figure 1b],
no signal in fixed nuclei [Figure 1c], suspensive signal
(without clear signals diagnosed, Figure 1d), and abnormal
signal groups (single, triple, or more signals, Figure le),
respectively. The incidence of each group, the fixation
rate, and hybridization rate were calculated. Embryos with
abnormal signals were abandoned on day 4, while the rest
were either transferred into the uterine cavity on day 4/day 5
or continued to cultivate the blastocyst for cryopreservation
by means of vitrification. Blastocyst scores (>4) were used
for embryo transfer or cryopreservation.l'” The embryonic
development and pregnancy outcomes of each group were
also analyzed. Moreover, we also evaluated the association
between the females’ age and the abnormal signal rate.

Clinical pregnancy was defined as the presence of a
gestational sac in the uterine cavity at 35 days after embryo
transfer, as detected on ultrasonography. Ongoing pregnancy
was defined as the presence of a fetus with heart motion at
11-12 weeks of gestation.!'!! All pregnancy outcomes were
obtained through review of medical records.

Statistical analysis

Data analysis was performed using SPSS version 18.0
software (SPSS Inc., Chicago, IL, USA). The measurement
data were shown as a mean + standard deviation (SD) and
analyzed with Student’s #-test. The comparison of categorical
data was analyzed with the Chi-square test and Fisher’s exact
test when expected cell count was <5. A two-sided P < 0.05
was considered statistically significant.

ResuLts

The mean age of the females and males was 28.9 + 4.2 years
and 28.8 + 3.9 years, respectively. There were 53 PGD cycles
with 433 embryos analyzed in total. Moreover, there were
283 embryos with two sex chromosomal signals (normal
signal group) with clear diagnosis (65.4%). The number
of no nuclei fixed, no signal in fixed nuclei, suspensive
signal, and abnormal signal groups was 45 (10.4%),
14 (3.2%), 24 (5.5%), and 67 (15.5%), respectively. When
we confined the embryos to which with a clear diagnosis
of the sex chromosomal signals, the percentage went up to
approximately one-fifth of 350 embryos (19.1%, 67/350).
The fixation rate of the FISH-PGD was 89.6% (388/433),
while the hybridization rate was 96.4% (374/388).

After diagnosis and cultivation, embryos with abnormal
signals were abandoned. The number of good-quality
embryos was 210 (57.4%, 210/366) including implanted
embryos on day 4/day 5 and cryopreserved ones. The rates
of good-quality embryos in the no nuclei fixed (22.2%),
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Figure 1: The embryos were classified as normal signal (a), no nuclei fixed (b), no signal in fixed nuclei (c), suspensive signal (d), and abnormal

signal groups (e).

no signal in fixed nuclei (28.6%), and suspensive signal
groups (33.3%) were comparable (y* = 1.029, P > 0.05)
and were significantly lower than the normal signal
group (66.4%, x* =42.650, P <0.001).

In total, 42 cycles got clinical pregnancy among 55 transfer
cycles with embryos available (76.4%). Moreover, there
were 34 fresh embryo transfer cycles with 24 clinical
pregnancies (70.6%) while 21 frozen cycles with 18 clinical
pregnancies (85.7%). Thirty births were obtained, with
a total of 41 infants born. There were also eight ongoing
pregnancies. Miscarriages occurred in four cycles, while
biochemical pregnancy happened in three cycles. Seven
cycles did not obtain clinical pregnancy, and one of them
failed to perform embryo transfer due to bad embryos
after FISH procedure. Another female has not undergone
transfer because she was inadequate for fresh embryo
transfer. Women >35 years old obtained significantly higher
abnormal signal rate (10/26, 38.5%) than those <35 years
(57/407, 13.9%, y*=6.911, P=0.018).

Discussion

Men with a 47,XYY karyotype are generally fertile.l'”
However, the association between 47,XYY and fertility
problems has been reported by several studies with
an increased incidence of chromosomally abnormal
spermatozoa of men with 47, XXY syndrome.['*'* The
extra Y chromosome showed an increased risk to deliver
to the offspring due to the high prevalence of hyperhaploid
sperm.[] A recent study demonstrated a higher frequency
of aneuploid sperm of 37.2-37.8%, with approximately
one-half of the abnormalities caused by sex chromosomal
aneuploidy. Moreover, they found that the frequency
of embryos with aneuploidy was 32%.5! What’s more,
Zouli et al.® reported that the frequency of aneuploidy
in the embryos was high (about 83%), and they thought
that it might be the cause of the recurrent first trimester
miscarriages. However, the sample was very small as they

got only six embryos analyzed. More cases should be
provided to illustrate this issue.

Despite the XYY karyotype, spermatogenesis in affected
men results mainly in 23,X and 23,Y sperm as the
supernumerary Y is eliminated during meiosis. Since many
47,XYY men have normal semen parameters, the severe
oligozoospermia observed in these men might indicate
more perturbations during meiotic pairing, subsequent
loss of germ cells, and the production of aneuploid sperm.
Moreover, there also have been reported cases of infertile
men with severe oligoasthenoteratozoospermia or even
azoospermia. Patients with low semen parameters may
require further assisted reproductive techniques to achieve
pregnancy. Genetic evaluation is recommended before
proceeding.l Therefore, it is necessary to validate the
prevalence of the sex chromosome abnormalities in XYY
men. Unfortunately, we did not have the opportunity to study
sperm for aneuploidy in the present case. Then, we focused
on the sex chromosomal results. In the current study, we
sought to assess the prevalence of the normal and abnormal
embryos performed with PGD by FISH and whether this
approach could do good to the clinical outcomes of the
couples.

There was a slightly high rate of abnormal embryos in
this study. About 15.5% of all detected embryos showed
abnormal signals. When we confined the embryos to which
with clear diagnosis, the percentage went up to approximately
one-fifth of 350 embryos (19.1%). This rate was even higher
than that of Klinefelter patients. Ni et al.l'! reported that
there were 90 embryos with two sex chromosomal signals
among 103 embryos with clear diagnosis (87.4%) in the
ICSI-PGD cycles, which meant that about 12.6% of the
embryos realized abnormal. We considered this might due to
that the XY'Y patients have an increased incidence of diploid
spermatozoa than the XXY patients.['” Attention should be
paid to the patients with 47, XYY syndrome in the clinic
when performing with IVF/ICSI as they might have more
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abnormal embryos. Therefore, the PGD treatment seems to
be a good approach for these patients.

FISH was among the first and has been the most widely
used technology to screen for aneuploidy in human
embryos. Initially, FISH was employed because it can be
rapidly performed on single cells at interphase. Researchers
demonstrated that blastomeres from day 3 embryos with
better morphological quality had higher nucleus spreading
rate and higher full signal rate during FISH.[" However,
some researchers hold the view that cleavage-stage
FISH technology is poorly predictive of aneuploidy in
morphologically normal blastocysts. Our results showed
that embryos with two sex chromosomal signals with clear
diagnosis were more likely to develop into good-quality
embryos than those in the no nuclei fixed, no signal in fixed
nuclei, and suspensive signal groups.

The clinical pregnancy rate of either fresh or frozen
embryo transferred cycles was high in the current study
(70.6% and 85.7%, respectively). We thought that several
reasons might lead to this result. First, we demonstrated
that women who were >35 years old obtained significantly
higher abnormal signal rate (10/26, 38.5%) than those
<35 years (57/407, 13.9%). However, the majority of these
females in the current study were quite young with the mean
age of 28.9 + 4.2 years, and there were only four women
elder than 35 years. This might reduce the incidence of
adverse pregnancy outcomes. Second, embryos on day
4/day 5 or with cryopreservation were transferred in this
research. There was moderate quality evidence for clinical
pregnancy that fresh blastocyst stage transfer was associated
with higher rates than fresh cleavage stage transfer.[' What’s
more, all the patients were performed with PGD treatment,
and this might improve the pregnancy outcomes. Therefore,
we obtained higher clinical pregnancy rate than studies
reported before.

There were several limitations/weaknesses in the current
study. First, we had no control group of patients with normal
karyotype because seldom would agree to perform PGD
treatment as they seemed to be normal. Second, we did not
study the autosomal conditions which might underestimate
the abnormal rate of the embryos. Third, as the embryos
diagnosed as abnormal on day 4 were all abandoned, we
failed to obtain the embryonic development results of these
embryos. Therefore, further study will be performed to
assess whether men with 47,XYY syndrome would have
autosomal abnormalities other than the sex chromosome
abnormalities and the association between the PGD results
with microarrays and the embryonic development.

We did a comprehensive study on the clinical outcomes of
patients with nonmosaic 47,XYY syndrome who underwent
FISH-PGD treatment. Moreover, in this research, we focused
on the sex chromosomal signals of the embryos and their
development outcomes. We considered that the application
of the PGD by FISH could show optimistic results in the
clinical outcomes. However, whether PGD is essential for

these patients still need consideration since the economic
condition may be a challenge. If PGD is not performed,
active prenatal examination will be demanded.

Statement

Our hospital is qualified to conduct PGD, which is performed
in strict accordance with relevant laws and regulation as well
as professional standard and expert consensus. The Ethics
Committee of Center for Reproductive Medicine, Shandong
University has approved the standardized procedure for
PGD. The embryos to be implanted are selected under the
indication of PGD to reduce the risk of miscarriage and
birth defect. Patients who meet the indication are provided
with the choice for PGD and those opt for PGD should sign
informed consent after fully informing of the advantages
and disadvantages. Therefore, we consider it is in the best
interests of patients under the PGD criterion, and the PGD
is our preferred treatment since the patients may have their
healthy infants while reducing social burden of birth defect.

Financial support and sponsorship

This study was supported by grants from National
Key Research and Development Program
(No. 2016YFC1000202), National Natural Science
Foundation of China (No. 81671522), and Shandong Medical
and Health Science and Technology Development Plan
(No. 2016WS0370).

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Gekas J, Thepot F, Turleau C, Siffroi JP, Dadoune JP, Briault S, ef al.
Chromosomal factors of infertility in candidate couples for ICSI:
An equal risk of constitutional aberrations in women and men. Hum
Reprod 2001;16:82-90. doi: 10.1093/humrep/16.1.82.

2. Rives N, Milazzo JP, Miraux L, North MO, Sibert L, Macé B, et al.
From spermatocytes to spermatozoa in an infertile XYY male. Int J
Androl 2005;28:304-10. doi: 10.1111/j.1365-2605.2005.00540.x.

3. Zouli C, Tsametis C, Papadimas I, Goulis DG. A man with 47, XYY
karyotype, prolactinoma and a history of first trimester recurrent
miscarriages in his wife. Hormones (Athens) 2011;10:72-5.
doi: 10.14310/horm.2002.1295.

4. Kim IW, Khadilkar AC, Ko EY, Sabanegh ES Jr. 47, XYY syndrome
and male infertility. Rev Urol 2013;15:188-96. doi: 10.3909/riu0580.

5. Gonzalez-Merino E, Hans C, Abramowicz M, Englert Y, Emiliani S.
Aneuploidy study in sperm and preimplantation embryos from
nonmosaic 47,XYY men. Fertil Steril 2007;88:600-6. doi: 10.1016/j.
fertnstert.2006.12.020.

6. Puissant F, Van Rysselberge M, Barlow P, Deweze J, Leroy F.
Embryo scoring as a prognostic tool in IVF treatment. Hum Reprod
1987;2:705-8. doi: 10.1093/oxfordjournals.humrep.al36618.

7. Wu K, Zheng Y, Zhu Y, Li H, Yu G, Yan J, et al. Morphological
good-quality embryo has higher nucleus spreading rate/signal
resolution rate in fluorescence in situ hybridization. Arch Gynecol
Obstet 2014;290:185-90. doi: 10.1007/s00404-014-3189-5.

8. Xu K, Huang T, Liu T, Shi Z, Rosenwaks Z. Improving the fixation
method for preimplantation genetic diagnosis by fluorescent in situ
hybridization. J Assist Reprod Genet 1998;15:570-4. doi: 10.1023/A:
1022542406056.

9. Chen Z, Yan J, Feng HL. Aneuploid analysis of tripronuclear zygotes
derived from in vitro fertilization and intracytoplasmic sperm
injection in humans. Fertil Steril 2005;83:1845-8. doi: 10.1016/j.
fertnstert.2004.11.076.

.Chinese Medical Journal | August 5,2018 | Volume 131 | Issue 15




. Gardner DK, Lane M, Stevens J, Schlenker T, Schoolcraft WB.

Blastocyst score affects implantation and pregnancy outcome:
Towards a single blastocyst transfer. Fertil Steril 2000;73:1155-8.
doi: 10.1016/S0015-0282(00)00518-5.

. Chen ZJ, Shi'Y, Sun Y, Zhang B, Liang X, Cao Y, et al. Fresh versus

Frozen embryos for infertility in the Polycystic Ovary syndrome.
N Engl J Med 2016;375:523-33. doi: 10.1056/NEJMoal513873.

. Martin RH. Cytogenetic determinants of male fertility. Hum Reprod

Update 2008;14:379-90. doi: 10.1093/humupd/dmn017.

. Wong EC, Ferguson KA, Chow V, Ma S. Sperm aneuploidy and

meiotic sex chromosome configurations in an infertile XYY male.
Hum Reprod 2008;23:374-8. doi: 10.1093/humrep/dem377.

. Blanco J, Rubio C, Simon C, Egozcue J, Vidal F. Increased

incidence of disomic sperm nuclei in a 47,XYY male assessed by
fluorescent in situ hybridization (FISH). Hum Genet 1997;99:413-6.
doi: 10.1007/s004390050381.

. Lim AS, Fong Y, Yu SL. Analysis of the sex chromosome constitution

17.

of sperm in men with a 47,XYY mosaic karyotype by fluorescence
in situ hybridization. Fertil Steril 1999;72:121-3. doi: 10.1016/
S0015-0282(99)00194-6.

. Ni TX, Yan JH, Wang B, Zhu YT, Li HC, Xie HQ, et al. Outcomes

of 13 ICSI-PGD cycles with ejaculated spermatozoa in patients
with Klinefelter syndrome. Asian J Androl 2016;18:498-9. doi:
10.4103/1008-682X.161238.

Blanco J, Egozcue J, Vidal F. Meiotic behaviour of the sex
chromosomes in three patients with sex chromosome anomalies
(47,XXY, mosaic 46,XY/47,XXY and 47,XYY) assessed by
fluorescence in-situ hybridization. Hum Reprod 2001;16:887-92.
doi: 10.1093/humrep/16.1.82.

. Glujovsky D, Farquhar C, Quinteiro Retamar AM, Alvarez Sedo CR,

Blake D. Cleavage stage versus blastocyst stage embryo transfer
in assisted reproductive technology. Cochrane Database Syst Rev
2016;(6):CD002118. doi: 10.1002/14651858.CD002118.pub5.

Chinese Medical Journal | August 5, 2018 | Volume 131 | Issue 15 -




FERERAT, XYWWEEMEAT BHERARICRALR AR
TR E AR 2 W B8 TT R4S R

PR 47, XYYSEAME LG RA T WA, 800, ROHETRRN . e s X 28 B IR & B 1 0L X AT JRa 5
KA EEVHE ARG 47, XYYLEEMEARE SR DO RAL A AT RN T2 W Bh 2R 7 1 45 =)

FriE: AHEFONEIBPETT T, A20124FE1F 2201745 A, LA AS1HI4TFISH-PGDIGIT A& 847, XYYZEMEAE S
P ARG AR IFISHAE IS B, BIEIR A IEFESH. BERA. BESH. fiedLl kL RE G54, Sl FISHHE
SER IR, G S . FR, TR R B S U IR R AT RS R

B, AR TSN PGD K433 MR NG. [F5E % N89.6%, 458 % N96.4%. FEAT 283N A BT Y B2 ANtk e (di 5 5
(1565.4%) o Ttz A5 REE4 R TG S HRMIGE S 0845(10.4%) 14(3.2%) 24(5.5%) 1 67(15.5%). T
FREE SRR, BRSNS, SRR RIS N210(57.4%), BB KA RIRGERIEN . T, TEY
M. REEA R EHEZR, 258222%. 28.6%5%33.3% (P>0.05) , ¥JEZHM T IEF 5 541(66.4%, P<0.001). ff
JVR R AL JE) AR AR AL S s PR U 3. 49 33 28 70.6% 2 85.7%

W A ERERERIZEIEG T, LRy —HRIEHIREE S I R ARG S IR R E IR
JEMLERE R N HFISH-PGDEA T LA R A 8147, XYYLZEAIERENAEE 45,






