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ABSTRACT. Balanced chromosomal translocations in men can
cause failure of spermatogenesis owing to meiotic impairment. Male
carriers may exhibit normozoospermia, although clinical manifestations
can include oligozoospermia or azoospermia, oligozoospermia or
normozoospermia. Here, we reported the characteristics of balanced
reciprocal translocations in men from northeastern China, and explored
the relationship between sperm count and reproductive performance, to
enable informed genetic counseling. The frequency of balanced reciprocal
translocations was found to be 1.62%. Semen analysis showed that 5.9%
of male carriers had azoospermia, 43.1% had oligozoospermia, and
51.0% had normozoospermia. Of the 25 men with a balanced reciprocal
translocation and azoospermia or oligozoospermia, chromosome 1 was
the most commonly often involved in the translocation. However, in the
26 normozoospermic men with a balanced reciprocal translocation and
normozoospermia, chromosome 3 was most commonly implicated. Fifty
percent of men with a balanced reciprocal translocation conceived a
pregnancy that went to term. Our data suggest that of all chromosomes,
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chromosomes 1 and 3 are the most commonly involved chromosomes in
balanced reciprocal such translocations in northeastern Chinese men.
Karyotype analysis should be performed for men with azoospermia,
oligozoospermia, and those in couples having suffered recurrent miscarriages.
Natural conception should be discussed during genetic counseling for male
carriers of balanced chromosomal translocations with normozoospermia.

Key words: Sperm count; Balanced translocation; Genetic counseling;
Reproductive performance

INTRODUCTION

Balanced chromosomal translocations are often identified as the a cause of infertility (Voz-
dova et al., 2013). They found in the karyotypes of 9.2% of couples with recurrent miscarriages
(Vozdova et al., 2012), and in approximately 1% of infertile men. In addition, such translocations
are more common in azoospermic than in oligozoosperic men (Kara et al., 2014).

It is well known that chromosomal translocations in men can cause failure of spermato-
genesis owing to meiotic impairment (Kara et al., 2014). The effects of these genetic abnormalities
are dependent on whether the reciprocal translocation is present in a balanced or unbalanced
forms. Balanced forms exert no phenotypic effect on the carriers besides a possible show vari-
able influence on carrier sperm counts, which can rangeing from normal counts to low counts
(oligozoospermia), or even demonstrate a total absence of sperm in the ejaculate (azoospermia)
(Venkateshwari et al., 2011). The functionality of genes at breakpoints, including genes those with
a specific roles in spermatogenesis, may be altered. This may causing defective spermtogenesis
sperm production and resulting in the abnormalities seen on observed during semen analysis (Ole-
sen et al., 2001; Olesen et al., 2001; Ching et al., 2012).

Recently, several studies have reported that the natural pregnancy success rates of natu-
ral pregnancies in for couples in which the male partner carries a translocation carried transloca-
tions ranges from 30 to 70% ( Ozawa et al., 2008). Flynn et al. (2014) reported a cumulative live
birth rate of 64.3% for couples having experienced repeated miscarriage and in which the male or
either partner had a chromosomal anomaly and who had experienced repeated miscarriage. This
suggests that continuing attempts to conceive naturally further attempts at natural conception is
a viable option for successful pregnancy. Balanced translocations can be transmitted through the
generations; therefore, most familial cases are to be of this kind and phenotypically normal, with
balanced rearrangements (Kim et al., 2011).

However, reproductive outcome studies of involving such couples are limited, and the
risk of miscarriage because of an unbalanced chromosomal aberration remains unknown. Most
investigations have reported that in couples with suffering recurrent pregnancy loss, the number
of women carrying with balanced chromosomal aberrations significantly exceeds of men (Koch-
harand Ghosh, 2013). One proposed mechanism explanation for contributing to these higher in-
cidence of female translocation carriers is that only one ovum matures each month. Male carriers
release millions of sperm in every ejaculation, and thus pre-zygotic selection against unbalanced
gametes may be more effective in men (Kochhar et al., and Ghosh, 2013).

The present study aimed to report the relationship between sperm count and reproductive
outcome in men from northeastern China carrying balanced reciprocal translocations. The implica-
tions of this association for genetic counseling are considered.
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MATERIAL AND METHODS
Patients

Between July 2010 and January 2014, 3148 men who were with infertility or receiving
genetic counseling were recruited from outpatients of the Centre for Reproductive Medicine, First
Hospital of Jilin University, Changchun, China. All patients underwent a thorough physical exami-
nation and a semen analysis, and blood samples from patients were stored for cytogenetic evalu-
ation. Patients were defined as having oligozoospermia if their last three semen samples (taken at
intervals of 1-3 weeks) had sperm counts of contained <less than 20 x 108 sperm/mL, or azoosper-
mia if no sperm were found in the ejaculate after centrifugation.

Cytogenetic analysis

Peripheral blood (0.5 mL) from all patients was collected from all patients in sterile
tubes containing 30 U/mL heparin and inoculated aseptically into lymphocyte culture solution
(Yishengjun, Guangzhou Baidi Biotech, Guangzhou, China). Cultures were incubated at 37°C
for 72 h and before being treated with 20 pg/mL colcemid for 1 h. G-banding of metaphase
chromosomes and karyotype analysis were performed according to our previously published
methods (Zhang et al., 2015).

Pregnancy outcome

Information regarding pregnancy outcomes was obtained from hospital records or a ques-
tionnaire completed during follow-up visits by the physician who attended the delivery.

RESULTS

Of the 3148 men studied, 51 (1.62%) carried a balanced reciprocal translocation. The av-
erage age of the patients was 32.82 + 5.09 years, (rangeing from 22 to 46 years). Semen analysis
showed that three patients (5.9%) with balanced reciprocal translocations had azoospermia, 22
(43.1%) had oligozoospermia, and 26 (51.0%) had normozoospermia.

Characteristics of reciprocal translocation carriers with exhibiting oligozoospermia or azo-
ospermia are shown in Table 1. No full-term pregnancies were achieved for these carriers resulted
from this group. Of the 22 oligozoospermic cases, two produced spontaneous abortions. Among
the 25 carriers of a balanced reciprocal translocations with oligozoospermia or azoospermia, chro-
mosomes 1 (N = 10) and 15 (N = 4) were the most commonly involved. chromosome (N = 10),
followed by chromosome 15 (N = 4).

Details of the normozoospermic reciprocal translocation carriers are shown in Table 2.
Of these 26 men, 12 (46.1%) conceived full-term natural pregnancies, and in one case an elec-
tive termination was performed (3.85%). Thirteen cases (50%) had a history of recurrent spon-
taneous abortions. Nine of the 26 (34.6%) cases had no previous adverse pregnancy obstetric
history and produced natural first pregnancies resulting in healthy children. Chromosomes 3 (N
=8),1 (N =5), and 5 (N = 5) were those most commonly involved translocated chromosome in
normozoospermic cases.
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Table 1. Characteristics of reciprocal translocation carriers with oligozoospermia or azoospermia. No full term-
pregnancies resulted from this group.

Patient number Karyotype Sperm count Pregnancy outcome
1 46,XY,t(1;10)(q21;p12) AS N
2 46,XY,(5;21)(q13;p12) AS N
3 46,XY,t(Y;16)(q11;p13) AS N
4 46,XY,1(1;21)(q12;p11.2) os N
5 46,XY,t(2;13)(p10;q10) 0os N
6 46,XY,t(13;19)(q12;p13) os N
7 46,XY,t(15;17)(p12;911) os N
8 46,XY,t(1;9)(p32;p24) os N
9 46,XY,t(1;12)(q42;q13) 0os N

10 46,XY,t(1;18)(p22;q921) os N

11 46,XY,t(1;20)(p13;p11.2) os N

12 46,XY,1(10;22)(q22;q13) os N
13 46,XY,(6;7)(q25;p14) 0os N
14 46,XY,t(15;18)(q13;p11) os N
15 46,XY,t(17;19)(p13;p13) os N
16 46,XY,t(1;12)(p34;q913) os N
17 46,XY,t(1;14)(p36;q24) 0os N
18 46,XY,t(2;15)(p11.2;q15) os N
19 46,XY,t(4;11)(q25;921) os N

20 46,XY,t(10;19)(q24;q13) os SA

21 46,Y,t(X;9)(q13;q13.1) os N

22 46,XY,t(1;3)(p22;p13) os N

23 46,XY,t(1;4)(p34;932) os SA

24 46,XY,t(10;15)(p11;911) os N

25 46,XY,t(11;22)(q25;q13) 0os N

AS = azoospermia; OS = oligozoospermia; SA= spontaneous abortion; N = no pregnancy prior to use ofassisted
reproductive technology.

Table 2. Characteristics of reciprocal translocation carriers with normozoospermia.

Patient number Patient karyotype Obstetric history Pregnancy outcomes

26 46,XY,t(1;10)(p31.2;q26) SA, SA, SA, SA N

27 46,XY,t(1;11)(q42;921) SA, SA, SA N

28 46,XY,t(1;12)(q42;q13) SA, SA, N

29 46,XY 4(3;15)(q21;q22) SA, SA, SA N

30 46,XY (3;17)(q25;q23) SA, SA, SA, SA N

31 46,XY,(3;20)(q12;q13) SA, SA N

32 46,XY,4(3;6)(q21;925) SA, SA, SA, SA N

33 46,XY,1(3;7)(p23;921.2) SA, SA, SA N

34 46,XY,t(4;14)(q25;q24) SA, SA, N

35 46,XY,1(4;22)(q35;q11.2) SA, SA, SA, SA N

36 46,XY,1(5;18)(p15;q11.2) SA, SA, SA N

37 46,XY (6;8)(p21;q24) SA, SA, SA N

38 46,XY 4(7;10)(q22;p13) SA, SA N

39 46,XY,1(10;19)(q24;p13.1) SA T [46,XX,t(10;19)(q24;p13.1)pat]
40 46,XY ,(5;11)(p14;p15) ET (47,XX,+21) T [46,XY,t(5;11)(p14;p15)pat]
41 46,XY,4(5;20)(q13;q12) ET [47,XX,+21,4(5;20)(q13;912)] T [46,XX,4(5;20)(q13;q12)pat]
42 46,XY,(5;18)(p13;p11) ET [46,XX,der(18)t(5;18)(p13;p11)pat]
43 46,XY,t(1;22)(p22;q11) T[46,XX.t(1;22)(p22;q11)pat)]
44 46,XY,t(17;19)(p11;913) T [46,XY,t(17;19)(p11;q13)pat]
45 46,XY,(3;19)(q12;q13) T [46,XY,1(3;19)(q12;q13)pat]
46 46,XY,t(1;13)(p22;q32) T [46,XX,t(1;13)(p22;q32)pat]
47 46,XY,(3;6)(q12;927) T [46,XY,1(3;6)(q12;q27)pat]
48 46,XY,1(3;9)(q21;922) T [46,XX,1(3;9)(921;922)pat]
49 46,XY,(5;13)(q13;q12) T [46,XY,t(5;13)(q13;q12)pat]
50 46,XY,4(2;11)(q33;923) T (46,XX)

51 46,XY,t(4;16)(q35;q22) T (46,XY)

SA = spontaneous abortion; N = no pregnancy prior to use of assisted reproductive technology; T = term pregnancy;
ET = elective termination.
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DISCUSSION

Balanced translocation carriers account for 0.08-0.3% of the general population (Kochhar
et al., and Ghosh, 2013). Couples with balanced chromosome such translocations frequently ex-
perience recurrent miscarriage, and and male carriers often show altered semen quality (Vozdova
et al., 2013). The reported incidence of balanced chromosomal translocations in couples with a
history of spontaneous abortions ranges from 3 to 6% (Resim et al., 2013). A high prevalence
of all chromosomal abnormality types of chromosomal abnormalities has been recorded in male
(4.29%) partners of infertile couples undergoing intracytoplasmic sperm injection, and with bal-
anced reciprocal translocations being the most frequently found observed aberrations chromo-
somal abnormalities (0.98%) (Braun-Falco et al., 2007). These translocations have been found in
approximately 1% of infertile men and are more common in azoospermic than in oligozoospermic
male individuals (Kara et al., 2014). In this study, the frequency of balanced reciprocal transloca-
tions in male patients from northeastern China receiving genetic counseling was 1.62%.

A ten-fold increased incidence of structural chromosome abnormalities has been found
reported in infertile male individuals (on average, 5.1%) compared to the normal population (0.5%).
The sex chromosomes are implicated in 3.8% of such abnormalities anomalies, while involve the
sex chromosomes and 1.3% of abnormalities involve the autosomes (Bache et al., 2004). Most
balanced chromosomal aberrations are not associated with a clinical phenotype; however, in some
patients they may disrupt gene structure (Olesen et al., 2001; Pernice et al., 2002; Bianco et al.,
2011; Li et al., 2014). Ananthapur et al. (2014) reported the unusual non-Robertsonian transloca-
tion 46,XY,1(2;11)(p14;921), found in an infertile oligozoospermic man with no clinical manifesta-
tions other than primary infertility.

In male balanced X-autosome translocation carriers, azoospermia is the most common
pathology, although some cases of severe oligozoospermia have also been reported with severe
oligozoospermia. The cause of spermatogenic failure in carriers of an X-autosome translocations
is unknown, although spermatogenesis sperm production displays greater much more sensitivitye
to disruption of meiosis disruption than oogenesis, owing to a number of meiotic cell-cycle check-
points (Akbari et al., 2012). In this study, a carrier of one such translocation, 46,Y,1(X;9)(q13;913.1),
demonstrated oligozoospermia. Kochhar and Ghosh (2013) reported that among 16 male carriers
of a structural chromosomal rearrangement, chromosome 4 was the most frequently involved.
In the presentis study, however, chromosome 1 was found to be that most commonly affected
among in the 25 men with a balanced reciprocal translocation and azoospermia or oligozoosper-
mia. Among the 26 normozoospermic carriers, chromosome 3 was most commonly often involved.

In translocation carriers, abnormal semen parameters can serve as indicators of sper-
matozoa with defective chromatin and aneuploidy in translocation carriers (Vozdova et al., 2013).
Vozdova et al. (2013) observed normal semen parameters characteristics were found in 30.8% of
Robertsonian and 59.5% of reciprocal translocation carriers. In addition, they found the proportion
of sperm with containing unbalanced chromosomes was to be 55.1% in men with reciprocal trans-
locations carriers, but reported that this proportion value did not different between normospermic
patients and those showing altered semen parameters. Significantly increased incidence of sper-
matozoa with defects in chromatin integrity and condensation, such as aneuploidy of chromosomes
not involved in the translocation, and diploidy, were also found in translocation carriers exhibiting
abnormal semen parameters. Moreover, normospermic men with reciprocal translocations carriers
showed an increase in chromosome 13 disomy compared to control subjects (Akbari et al., 2012).

Carriers of completely balanced chromosomal translocations bear all the necessary a full
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complement of genetic information. Therefore, such individuals with balanced reciprocal translo-
cations are clinically normal, and reciprocal translocations can be inherited (Keify et al., 2012).
However, Ozawa et al. (2008) describe an increased risk of progeny with unbalanced karyotypes,
causing disrupted meiotic segregation of their abnormal chromosomes, potentially resulting in in-
fertility, miscarriage, stillbirth, or the conception of a child with congenital anomalies.

These aberrations principally occur by two mechanisms: unbalanced segregation of the
chromosomes involved in the translocation during meiosis, and the occurrence of an interchromo-
somal effects (Godo et al., 2013). The prevalence of abnormal segregation depends on the specific
chromosomes involved in the translocation, the localization of breaks, and the frequency of chi-
asmata (Vozdova et al., 2008). The incidence of chromosomally imbalance or aneuploid gametes
may even vary between individual translocation carriers, even if where the same chromosomes are
involved in the translocation (Vozdova et al., 2008). For carriers of balanced chromosomal trans-
locations, in vitro fertilization accompanied by preimplantation genetic diagnosis (PGD) increases
the chance of their fathering a healthy child (Vozdova et al., 2011).

Therefore, Ching et al. (2012) argue that genetics counselors are an indispensable part
of infertility evaluation (Ching et al., 2012). For couples with balanced translocations, appropriate
counseling is crucial for the understanding of suitable reproductive options. Prenatal testing and,
alternatively, PGD are a recommended part of such counseling for carriers, as these patients are
at increased risk of implantation failure, miscarriage, or delivery of affected offspring (Vozdova et
al., 2013). Although it is likely that couples with a balanced translocation will at some point achieve
a successful natural pregnancy is probable in couples with a balanced translocation, repeated
miscarriages and terminations of abnormal fetuses are associated with psychological trauma and
a significant physical burden (Chang et al., 2012).

In conclusion, chromosomes 1 and 3 were most commonly involved in balanced reciprocal
translocations in men of northeastern China. Karyotype analysis should be performed for men with
azoospermia, oligozoospermia, and in couples suffering recurrent miscarriages. Natural concep-
tion should be considered during genetic counseling for male carriers of balanced chromosomal
translocations with normozoospermia.
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