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Objective: To determine the effect of gender of reciprocal chromosomal translocation on
blastocyst formation and pregnancy outcome in preimplantation genetic testing, including
different parental ages.

Methods: This was a retrospective cohort study that enrolled 1034 couples undergoing
preimplantation genetic testing-structural rearrangement on account of a carrier of
reciprocal chromosomal translocation from the Reproductive Medicine Center of the
First Affiliated Hospital of Zhengzhou University from January 2015 to December 2019.
Group A represented 528 couples in which the man was the carrier of reciprocal
translocation and group B represented 506 couples in which the woman was the
carrier of reciprocal translocation. All patients were divided into two groups according
to their age: female age<35 and female age≥35. Furthermore, the differences in blastocyst
condition and pregnancy outcome between male and female carriers in each group were
further explored according to their father’s age.

Results: The blastocyst formation rate of group A (55.3%) is higher than that of group B
(50%) and the results were statistically significant (P<0.05). The blastocyst formation
rate of group A is higher than that of group B, no matter in young maternal age or in
advanced maternal age (P<0.05). The blastocyst formation rate in maternal age<35y
and paternal age<30y in group A(57.1%) is higher than that of Group B(50%); Similarly,
the blastocyst formation rate in maternal age≥35 and paternal age≥38y(66.7%) is
higher than that of Group B(33.3%)(all P<0.05). There was no difference in fertilization
rate, aeuploidy rate, clinical pregnancy rate, miscarriage rate and live birth rate between
Group A and Group B.
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Conclusion:When the carrier of reciprocal translocation is male, the blastocyst formation
rate is higher than that of female carrier. While there is no significant difference between the
two in terms of fertilization rate, aeuploidy rate, clinical pregnancy rate, miscarriage rate
and live birth rate.
Keywords: biopsy, clinical pregnancy rate, maternal age, paternal age, preimplantation genetic testing, reciprocal
translocation, blastocyst formation rate, aeuploidy rate
INTRODUCTION

Preimplantation genetic testing (PGT) is a set of advanced clinical
procedures that includes PGT for aneuploidies (PGT-A) and PGT
for chromosomal structural rearrangements (PGT-SR) (1). It is a
method for testing in vitro embryos or oocytes for Mendelian,
chromosomal and mitochondrial defects as an alternative for pre-
natal diagnosis and selective termination of pregnancy in couples
with a high risk of affected offspring, and many different genetic
diseases can be diagnosed including structural chromosome
rearrangements such as translocations (2). The primary aim of
preimplantation genetic testing-structural rearrangement (PGT-
SR) would be to distinguish between embryos carrying the
“reciprocal translocation” (and accompanying microdeletion)
and those with truly normal chromosomes (3). Couples with
genetic diseases can choose PGT to increase their chances of
pregnancy and obtain healthy offspring (4, 5).

Chromosome reciprocal translocation is a common
chromosome structural abnormality (6). It is estimated that 1 in
625 individuals carries a reciprocal translocation (3). Since there is
no increase or decrease in chromosomal fragment information, the
carrier of reciprocal translocation has a normal phenotype (7).
However, It is possible that the presence of an unreciprocal
translocation in some gametes of translocation carriers may result
in failure of the developing embryo to implant or in early pregnancy
loss (8). The theoretical chance of producing normal or reciprocal
gametes is 4 of 32 for reciprocal translocations. However, the actual
outcome depends on many factors, including the chromosomes
involved, the breakpoints, and the sex of the carrier (9).
n.org 2
In this study, couples who underwent PGT-SR assisted
pregnancy were grouped and compared according to the gender of
the reciprocal translocation carriers to analyze the effect of reciprocal
translocation of different sex chromosomes on blastocyst formation
and pregnancy outcome, including different parental ages. Therefore
to determine the relationship between gender and age of reciprocal
translocation carriers and blastocyst formation and pregnancy
outcome in couples undergoing PGT-SR assisted pregnancy.
MATERIALS AND METHODS

Study Population
This study is a retrospective analysis of PGT-SR cycles performed at
the Reproductive Medicine Center of the First Affiliated Hospital of
Zhengzhou University from January 2015 to December
2019. Inclusion criteria were as follows: 1. PGT-SR cycles
performed at the Reproductive Medicine Center of the First
Affiliated Hospital of Zhengzhou University from January 2015 to
December 2019. 2. One and only one of both parents is a carrier of
reciprocal translocation. 3. Total number of eggs obtained ≥3 (10).

Grouping
According to the gender of the reciprocal translocation carriers, the
patients were divided into two groups. Group A: Male with
reciprocal chromosomal translocation and female with normal
chromosome karyotype; Group B: Female with reciprocal
chromosomal translocation and male with normal chromosomal
karyotype (Table 1). Then patients were allocated into twomaternal
TABLE 1 | Comparison of overall conditions between male and female carriers.

Items Group A Group B P-value

PGD cycles 528 506
Male age (y) 29.0 ± 5.0 29.0 ± 6.0 0.109
Female age (y) 29.0 ± 5.0 29.0 ± 6.0 0.376
Retrieved oocytes 17.0 ± 11.0 16.0 ± 11.0 0.262
MII 14.0 ± 10.0 14.0 ± 10.0 0.221
Normal fertilization (2PN) 11.0 ± 9.0 11.0 ± 8.0 0.315
Fertilization rate (%) 68.0 ± 24.0 68.0 ± 24.0 0.874
Embryo biopsied 5.0 ± 5.0 4.0 ± 4.0 0.068
Aeuploidy rate (%) 77.8 ± 40.0 75.0 ± 44.0 0.594
Blastocyst formation rate (%) 55.3 ± 35.0 50.0 ± 37.0 0.001*
Clinical pregnancy rate (%) 56.7 (148/261) 57.5 (134/233) 0.857
Miscarriage rate (%) 10.7 (28/261) 9.4 (22/233) 0.636
Live birth rate (%) 45.6 (119/261) 47.6 (111/233) 0.649
July 2021 | Volume 12 | Article
Group A, couple with a male carrier; Group B, couple with a female carrier.
() represents the number of positives to total.
*P < 0.05 was considered statistically significant.
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age groups (11, 12) (<35、≥35y) (Table 2), three paternal age
groups (13)(≤30、30-34、≥35y) and two paternal age groups (14)
(<38、≥38y) called A1-A5 and B1-B5 (Table 3). The main
outcomes were blastocyst formation rate and clinical pregnancy
rate, and the secondary outcomes were fertilization rate, aeuploidy
rate, miscarriage rate and live birth rate.

Ovulation-Inducing
Subcutaneous injection of short-acting gonadotropin-releasing
hormone agonist (0.05-0.1 mg of Diphereline, Ipsen, Paris,
France) was performed once a day in the mid-luteal phase of the
previous cycle. After complete pituitary down regulation,
Frontiers in Endocrinology | www.frontiersin.org 3
gonadotrophin (Gn), a high-purity recombinant follicle
stimulating hormone (r-FSH, Merck Serono SPA, Geneva,
Switzerland, or HMG, Le Baode, Shanghai Lizhu Pharmaceutical
Co. Ltd., Shanghai, China), was used until HCG day. Gn dose was
adjusted according to patients’ specific conditions. Oocyte retrieval,
insemination, embryo transfer and corpus luteum support were
performed according to our routine protocols (15, 16).

Embryo Culture and Biopsy
Intracytoplasmic sperm injection was performed in 4 to 6 h after
retrieval for all cycles. The embryos were cultured to the
blastocyst stage of 5-6 days (according to the procedures of
TABLE 3 | Comparison of blastocyst conditions between male and female carriers in different age groups.

Items Group A Group B P-value

maternal age<35
① paternal age<30
PGD cycles 281 (A1) 256 (B1)
Fertilization rate (%) 68.8 ± 24.0 66.7 ± 25.0 0.975
Blastocyst formation rate (%) 57.1 ± 31.0 50.0 ± 36.0 0.003*
Aeuploidy rate (%) 80.0 ± 38.0 75.0 ± 48.0 0.036*
② paternal age 30-34
PGD cycles 153 (A2) 143 (B2)
Fertilization rate (%) 66.9 ± 16.4 67.7 ± 17.4 0.546
Blastocyst formation rate (%) 50.0 ± 33.0 50.0 ± 38.0 0.895
Aeuploidy rate (%) 75.0 ± 48.0 80.0 ± 33.0 0.057
③ paternal age≥35
PGD cycles 39 (A3) 48 (B3)
Fertilization rate (%) 65.8 ± 15.8 61.4 ± 16.2 0.205
Blastocyst formation rate (%) 47.0 ± 26.3 46.5 ± 25.4 0.925
Aeuploidy rate (%) 80.0 ± 38.0 75.0 ± 49.0 0.421
maternal age≥35
④ paternal age<38
PGD cycles 28 (A4) 27 (B4)
Fertilization rate (%) 68 ± 17.4 68.6 ± 15.5 0.884
Blastocyst formation rate (%) 50.0 ± 51.0 42.9 ± 27.0 0.199
Aeuploidy rate (%) 80.9 ± 48.0 75.0 ± 50.0 0.897
⑤ paternal age≥38
PGD cycles 27 (A5) 32 (B5)
Fertilization rate (%) 67.4 ± 18.2 70.4 ± 16.6 0.513
Blastocyst formation rate (%) 66.7 ± 39.0 33.3 ± 47.0 0.003*
Aeuploidy rate (%) 75.0 ± 50.0 81.7 ± 50.0 0.624
July 2021 | Volume 12 | Article
Group A, couple with a male carrier; Group B, couple with a female carrier. A1, maternal age < 35y and paternal age < 30y in Group A; B1, maternal age < 35y and paternal age < 30y in
Group B; A2, maternal age < 35y and paternal age between 30-34y in Group A; B2, maternal age < 35y and paternal age between 30-34y in Group B; A3, maternal age < 35y and paternal
age ≥ 35y in Group A; B3, maternal age < 35y and paternal age ≥ 35y in Group B; A4, maternal age ≥ 35y and paternal age < 38y in Group A; B4, maternal age ≥ 35y and paternal age ≥

38y in Group B; A5, maternal age ≥ 35y and paternal age ≥ 38y in Group A; B5, maternal age ≥ 35y and paternal age ≥ 38y in Group B. The clinical pregnancy rate, miscarriage rate and live
birth rate were not given as before due to limitation of the number of couples who had pregnancy outcomes within each small group.
*P < 0.05 was considered statistically significant.
TABLE 2 | Blastocyst conditions and pregnancy outcomes between male carriers and female carriers in young and advanced maternal age.

Items female age<35 female age≥35

Group A Group B P-value Group A Group B P-value

Fertilization rate (%) 68.0 ± 24.0 66.7 ± 25.0 0.895 67.7 ± 17.6 69.6 ± 16.0 0.55
Aeuploidy rate (%) 77.8 ± 40.0 75.0 ± 43.0 0.461 75.0 ± 50.0 80.0 ± 50.0 0.657
Blastocyst formation rate (%) 53.9 ± 34.0 50.0 ± 37.0 0.021* 60.0 ± 42.0 40.0 ± 35.0 0.003*
Clinical pregnancy rate (%) 56.3 (135/240) 57.1 (124/217) 0.847 61.9 (13/21) 62.5 (10/16) 0.970
Miscarriage rate (%) 10.8 (26/240) 9.7 (21/217) 0.685 9.5 (2/21) 6.3 (1/16) 0.718
Live birth rate (%) 45.0 (108/240) 47.0 (102/217) 0.668 52.4 (11/21) 56.3 (9/16) 0.815
Group A, couple with a male carrier; Group B, couple with a female carrier.
() represents the number of positives to total.
*P < 0.05 was considered statistically significant.
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intracytoplasmic single sperm microinjection and embryo
culture of our center), and blastocysts with the grade of 3BC or
above were selected for biopsy (blastocysts that did not reach the
grade of biopsy were scrapped after the patient signed the
informed consent). Three to five trophectoderm cells were
aspirated with biopsy needles combined with laser-assisted
cleavage. Whole genome DNA of biopsied trophectoderm cell
was amplified and SNP microarray chip detection technology
(SNP array) or next-generation sequencing (NGS) technology
were used to detect aneuploidy (17–19). The blastocysts after
biopsy were quickly transferred to a four-well plate and placed in
an incubator at 37°C and 6% CO2 for freezing.

Frozen and Thawed Blastocyst
Transplantation
After biopsy, the blastocysts were vitrified and stored in liquid
nitrogen. On transplantation day, frozen blastocysts were
removed, thawed and transplanted into culture medium (6%
HSA G-2) for 2h before transplantation. Blood HCG was
measured 14 and 18 days after embryo transfer and abdominal
ultrasonography was performed 35d after transplantation.
Ultrasound showing a gestational sac was regarded as clinical
pregnancy. Blastocyst formation rate = number of blastocysts
formed/number of cultured blastocysts (number of 2PN
fertilized eggs from D3 cultured blastocysts) ×100% (20);
Clinical pregnancy rate = clinical pregnancy number/
transplantation cycle number ×100%.

Statistical Analysis
Statistical analysis was performed using SPSS 21.0 software. The
measurement data conforming to normal distribution were
tested by two independent samples to test and the results were
presented as mean ± standard deviation; the measurement data
not conforming to normal distribution were tested by rank sum
test and the results were presented as median ± quartile spacing;
the counting data were tested by chi-square test. The results of
the rate were presented as a percentage (%). P <0.05 was
considered to indicate statistical significance.
RESULTS

Comparison of the General
Characteristics Between Male Carriers
and Female Carriers
Table 1 shows the general characteristics for both sets of data.
Group A: Male with reciprocal chromosomal translocation and
female with normal chromosome karyotype; Group B: Female
with reciprocal chromosomal translocation and male with
normal chromosomal karyotype. A total of 1034 PGT-SR
cycles were included with 528 couples in Group A and 506
couples in Group B. Overall, there was no significant difference
in male age, female age, retrieved oocytes, MII number of eggs,
normal fertilization, fertilization rate, embryo biopsied,
aeuploidy rate, clinical pregnancy, miscarriage rate and live
birth rate between Group A and Group B. However, our data
Frontiers in Endocrinology | www.frontiersin.org 4
showed that the blastocyst formation rate in Group A is 55.3%,
which is higher than that in Group B, whose blastocyst formation
rate is 50.0%, and the results were statistically significant (P<0.05).

Main Outcomes of the Two Groups in
Young and Advanced Maternal Age
To determine the influence of young maternal age and advanced
maternal age on the results of the comparison between the two
groups, we divided the maternal age into two groups: <35y and
≥35y, and compared the blastocyst formation and pregnancy
outcome of A and B in each group. The comparison results are
shown in Table 2. According to the data in the table, we found
that the blastocyst formation rate of group A was 53.9%, which
was still higher than that of group B (50.0%) in couples whose
maternal age<35. While there was no difference in fertilization
rate, aeuploidy rate, clinical pregnancy rate, miscarriage rate and
live birth rate. Similarly, among couples with a maternal age≥35,
the blastocyst formation rate in group A was 60.0%, which was
higher than that in group B (40.0%), but there was no difference
in fertilization rate, aeuploidy rate, clinical pregnancy rate,
miscarriage rate and live birth rate.

Influence of Paternal Age on
Comparison Between Male Carriers
and Female Carriers
Further, in order to explore the influence of paternal age on
blastocyst formation, we classified paternal age according to ≤ 30,
30-34, ≥35 years old and<38, ≥38 years old, as is shown in
Table 3. The fertilization rate, blastocyst formation rate, and
aeuploidy rate of group A and group B were compared in
different age groups and the comparison results are shown in
Table 3. Among couples with maternal age<35y and paternal
age<30y, the blastocyst formation rate of Group A is 57.1%,
which is higher than that of Group B, whose blastocyst formation
rate is 50.0%. Similarly, Among couples with maternal age≥35y
and paternal age≥38y, the blastocyst formation rate of Group A
is 66.7%, which is higher than that of Group B, whose blastocyst
formation rate is 33.3%. For the rest (Figure 1), there is no
significant difference on blastocyst formation rate in other age
groups between A and B, and there is no statistical difference on
fertilization rate or aeuploidy rate in any age groups between A
and B.
DISCUSSION

We report the real data of PGT-SR performed in the First
Affiliated Hospital of Zhengzhou University from 2013 to 2019
due to one parent suffering from reciprocal chromosomal
translocation. In the comparison of overall characteristics, we
found that in the case of the same female age, male age, retrieved
oocytes, MII number of eggs, normal fertilization, aeuploidy rate
and fertilization rate, the blastocyst formation rate in male
carriers was higher than that of female carriers. While there
was no difference in pregnancy outcomes between the two
groups. After comparing the young maternal age group with
July 2021 | Volume 12 | Article 704299
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the advanced maternal age group, we came to the same
conclusion that if the reciprocal translocation occurs in the
male, the blastocyst formation rate is higher and there was no
difference in pregnancy outcomes. This is consistent with
K. Haapaniemi Kouru’s finding that in the reciprocal
translocation group, the couple was more likely to conceive if
it was the man who was the carrier of the translocation (21). On
the contrary, Kort JD found that patients with an indication of
male factor infertility having significantly fewer blastocysts
available for biopsy than maternal age-matched cohorts with
different indications (22). Our research indicates that what he
said “male factor” may not include “a carrier of reciprocal
chromosomal translocation”. In the further comparison, we
can see that in the age group of maternal age<35 and paternal
age<30, the blastocyst formation rate of couples in male carriers
is higher than that of female carriers. And the same result also
occurred in the age group of maternal age≥35 and paternal
age≥38, what comes to a consistent conclusion with the general
comparison in male carriers and female carriers. But for the
fertilization rate, aeuploidy rate, clinical pregnancy rate,
miscarriage rate and live birth rate, there was no statistical
difference between the male carriers and the female carriers.
Hence we encourage couples no matter the male or the female is
a carrier of reciprocal translocation to underdo PGT-SR assisted
fertility treatment, because there is no difference in clinical
pregnancy outcomes between the two.

Regarding the aeuploidy rate, our data showed no difference
between the male disease group(77.8%) and the female disease
group(75%), which is consistent with the results of Belén Lledó
Frontiers in Endocrinology | www.frontiersin.org 5
and his group that the proportions of alternate segregation for
normal or reciprocal chromosome contents in preimplantation
embryos from PGD cycles in reciprocal-male and female carriers
were not significantly different (23). In A study of 1800 IVF
cycles involving 3117 blastocyst biopsies, the rate of aneuploidy
of PGT-A was 42.9% (24). While that of PGT-SR in our research
reach up to 77.8%, from which we can see that the detection rate
of aneuploidy of PGT-SR is higher than that of PGT-A. Up to
now, the impact of PGS on the outcome of assisted reproduction
remains uncertain and needs for larger, high quality trials (25).
At present, PGT has become a basic and important choice of
assisted reproductive technology for patients with chromosomal
translocations. With the continuous improvement and
development of technology, more and more chromosome
detection methods have been applied in PGT. The cases in this
article all use the SNP or NGS method, which is currently a
relatively extensive method for the diagnosis of embryo
chromosome abnormality (19). They can screen 23 pairs of
chromosomes comprehensively, which has obvious advantages
compared with FISH technique which can only carry out
hybridization detection of a limited number of chromosomes
(26). What is more, trophoblastic cell biopsy can not only control
the damage to the embryo, but also ensure the accuracy of the
sequencing results (27).

Blastocyst culture is a process of further screening of embryos.
The blastocyst formation rate is closely related to the normality of
the embryo’s chromosomes which come from both parents. During
meiosis, the two translocated chromosomes and their two
homologous normal chromosomes form a quadrivalent and
FIGURE 1 | The blastocyst formation rate between male carriers and female carriers in different age groups. Group A, couple with a male carrier; Group B, couple
with a female carrier. A1, maternal age < 35y and paternal age < 30y in Group A; B1, maternal age < 35y and paternal age < 30y in Group B; A2, maternal age <
35y and paternal age between 30-34y in Group A; B2, maternal age < 35y and paternal age between 30-34y in Group B; A3, maternal age < 35y and paternal age
≥ 35y in Group A; B3, maternal age < 35y and paternal age ≥ 35y in Group B; A4, maternal age ≥ 35y and paternal age < 38y in Group A; B4, maternal age ≥ 35y
and paternal age ≥ 38y in Group B; A5, maternal age ≥ 35y and paternal age ≥ 38y in Group A; B5, maternal age ≥ 35y and paternal age ≥ 38y in Group (B) The
most significant difference was between A5 and B5, whose maternal age ≥ 35 and paternal age ≥ 38. In addition, there was a statistical difference between A1 and
B1,whose maternal age < 35 and paternal age < 30. The blastocyst formation rate of male carriers is higher than that of female carriers in both 1 and 5 groups.
*P < 0.05 was considered statistically significant.
July 2021 | Volume 12 | Article 704299
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subsequently segregate at anaphase I. Normal or reciprocal gametes
are produced by an alternate mode of segregation. Gametes
produced by the other segregation patterns have unreciprocal
karyotypes (28, 29). The effect of a carrier’s sex on meiotic
segregation of the quadrivalent has been investigated previously,
with some studies reporting that sex differentially affected the
meiotic segregation patterns (29, 30). Studies have suggested that
there are many factors that affect the separation of chromosomes in
meiosis, including the gender of carriers, maternal age, the type of
translocated chromosomes and the length of translocated fragments
(31, 32). The nature of oogenesis is such that female gametes are
more susceptible to meiotic chromosome errors, compared to those
of the male (33). This is consistent with the conclusion of this study.
The main purpose of this study was to analyze the influence of
gender of reciprocal chromosomal translocation on blastocyst
formation and pregnancy outcome in preimplantation genetic
diagnosis, and to further explore the influence of parental age on it.
CONCLUSIONS

When the carrier of reciprocal translocation is male, the
blastocyst formation rate is higher than that of female carrier.
While there was no significant difference between the two in
terms of fertilization rate, aeuploidy rate, clinical pregnancy rate,
miscarriage rate and live birth rate. Hence we encourage couples
no matter the male or the female is a carrier of reciprocal
translocation to undergo PGT-SR assisted fertility treatment,
because there was no difference in clinical pregnancy outcomes
between the two.

Clinical Importance
In recent years, there are many studies on the relationship
between embryonic chromosomal abnormality, aneuploidy rate
and parental age (34). While, studies on the relevance of
embryonic development and gender of reciprocal translocation,
parental age is rare. Therefore, our data not only provide a basis
for the age of undergoing PGT for couples suffering from
reciprocal translocation in clinical practice, but also triggers
Frontiers in Endocrinology | www.frontiersin.org 6
thinking about the potential connection between the
occurrence of reciprocal translocation in couples and blastocyst
formation, and the specific mechanism is worthy of
further explore.

Strengths and Limitations
The main strength of our study was that we performed a
statistical analysis of a large sample of patients with reciprocal
chromosomal translocations. In addition, this was an original
study. However, our study also had several limitations due to its
retrospective design and a single medical center, and there is an
inevitable bias. In addition, this research is only a preliminary
discussion and the conclusions needed to be interpreted carefully.
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