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Abstract
For genetic counseling of male carriers of chromosomal translocations, the specific chromosomes and breakpoints involved in the
translocation are relevant to know. The structural chromosomal abnormalities may lead to abnormal sperm counts, infertility, and
miscarriage. These are related to the specific chromosomes and breakpoints involved in the translocation. To date, over 200 cases of
non-Robertsonian translocation in male carriers have been described that involve chromosomes 13, 14, or 15.
This study reports of 28 male carriers from our clinic with balanced reciprocal translocations of chromosome 13, 14, or 15, and a

literature review of 201 cases. The 28male carriers from our clinic were diagnosed by cytogenetic analyses: 19 subjects suffered from
pregestational infertility and 9 from gestational infertility. The most common translocations were t(7;13), t(10;14), and t(3;15),
observed respectively in 13 (46%), 8 (29%), and 8 (29%) of our subjects. The literature cases (n=201) involved chromosome 13 (n=
83, 41%), chromosome 14 (n=56, 28%) or 15 (n=62, 31%) in which 75 breakpoints were identified, the most common breakpoint,
13q22, was observed in 12 subjects (6%), followed by 14q32 (n=11), 15q15 (n=9), and 15q22 (n=9). Most breakpoints were
related to gestational infertility, while breakpoints at 13p13, 13p12, 13p11.2, 13p11, 13q11, 13q15, 14p12, 14p10, 15p13, 15p10,
and 15q22.2 were associated with pregestational infertility.
Carriers of non-Robertsonian translocations involving chromosome 13, 14, or 15 and experiencing infertility should receive

counseling with regard to chromosomal breakpoints as there seem to be consequences for treatment. Intracytoplasmic sperm
injection with preimplantation genetic diagnosis (PGD) for the carriers with oligozoospermia, microscopic testicular sperm extraction
or sperm from the sperm bank for the carriers with azoospermia should be considered for pregestational infertility. The carriers with
gestational infertility can choose PGD or prenatal diagnosis

Abbreviations: CATSPER2 = Cation channel, sperm-associated, 2, KATNAL1 = Katanin, p60 subunit,a-like 1, PGD =
preimplantation genetic diagnosis, PPIP5K1 = diphosphoinositol pentakisphosphate kinase 1, SPATA8 = spermatogenesis-
associated protein 8, STRC = Stereocilin, TUBA3C = tubulin alpha 3c.
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1. Introduction ities may lead to abnormal sperm counts, infertility, and
Chromosomal abnormalities play a major role in male infertility
as structural chromosomal aberrations are up to 10 times more
common.[1,2] Karyotype analysis is therefore relevant in the
work-up of infertility.[3] The structural chromosomal abnormal-
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miscarriage.[4,5] Robertsonian translocation is one of the most
common structural chromosomal abnormalities, and involves
group D (chromosomes 13, 14, 15) or G chromosomes
(chromosomes 21, 22). Previous research has shown that carriers
of Robertsonian translocation exhibit azoospermia because of
changes in interchromosomal effect or show an increased
frequency of disomic and diploid spermatocytes.[6,7] However,
reports of non-Robertson (balanced) translocations involving
group D chromosome are rare.
Carriers of balanced translocations are phenotypically not to be

recognized; however, they may suffer infertility or spontaneous
abortions.[8] These are related to the specific chromosomes and
breakpoints involved in the translocation.[9] Previous reports
indicate that the involvement of group D chromosomes in non-
Robertson translocation is related to male infertility. Mikelsaar
et al[10] further a reported an infertility case with balanced
reciprocal translocation t(5;13)(q33;q12.1) and a microduplica-
tion in the region 9q31.1; they hypothesize that haploinsufficiency
of the TUBA3C (tubulin alpha 3c) gene could cause the sperm
immobility and abnormal sperm morphology as observed in this
case. Jiang et al[11] reported oligospermia in a carrier of the
reciprocal translocation of t(8;15) and identified an association
between chromosomal behavior and apoptosis of primary
spermatocytes. In addition, the KATNAL1 gene that plays a role
in the regulation of Sertoli cell microtubule dynamics has been
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mapped on chromosome 13q12.3, its role in spermiogenesis is
indispensable.[12] Previous studies have shown that the chromo-
some 15q15.3 region harbors CATSPER2, STRC, and PPIP5K1
genes, all associated with severely impaired spermatogenesis,[13]

while spermatogenesis-associated protein 8 (SPATA8), a testis-
specific gene, has been mapped to chromosome 15q26.2.[14] If
translocationbreakpoints interrupt these vital gene structures, then
it is highly likely that the patients involved will suffer infertility.
The aim of this study is to explore the association between the

clinical characteristics of male infertility in carriers of non-
Robertsonian translocations involving the chromosomes13,14, or
15, with regard to the provision of appropriate genetic counseling.

2. Subjects and methods

2.1. Subjects and study design

We performed a single-centre retrospective study of subjects with
non-Robertsonian translocations in chromosome 13, 14, or 15 in
infertile men, and searched the literature using the PubMed
database using the search terms, which is “chromosome/
translocation/sperm” and “chromosome/translocation/abor-
tion” on June 1 to 15, 2018.
The study was approved by the Ethics Committee of the First

Hospital of Jilin University. Between July 2010 and December
2015, 28 men suffering from infertility were recruited from the
outpatients department of the Centre for Reproductive Medicine
at the First Hospital of Jilin University, Changchun, China. All
subjects underwent a physical examination and a semen analysis,
and completed a detailed questionnaire on smoking (tobacco),
drinking (alcohol), marital status, childbearing history, sponta-
neous abortion, medical history, and working conditions.
According to our previously published classification of smoking
and drinking,[15] all questionnaires included smoking profile (733
[14%] heavy smokers, 1937 [37%] moderate, 2251 [43%] mild,
and 314 [6] nonsmokers), and alcohol drinking profile (heavy
drinking 157 [3%], moderate 942 [18%], mild 3507 [67%], and
no alcohol drinking 629 [12%]). Azoospermia and oligozoo-
spermia were defined by criteria described previously.[16]

2.2. Cytogenetic analysis

From each subject, we carried out a karyotype analysis of
peripheral blood lymphocytes: peripheral blood (0.5mL) was
cultured in sterile tubes containing 30U/mL heparin for 72hours
Table 1

Karyotypes of non-Robertsonian translocation involving group D chr

Infertility causes Clinical findings

Pregestational infertility Oligozoospermia, severe oligozoospermia azoospermia

Gestational infertility Normal sperm density; history of miscarriage

Azoospermia: no sperm were present in the ejaculate after centrifugation.
Oligozoospermia: diagnosed as a sperm count <15�106/mL.
Severe oligozoospermia: diagnosed as a sperm count <1�106/mL.
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(Culture media, Yishengjun; Guangzhou Baidi Biotech, Guangz-
hou, China) and subsequently treated with 20mg/mL colcemid
for 1hour. G-banding of metaphase chromosomes and karyotype
analysis were performed as in our previous study.[16]
2.3. Translocation breakpoints

We used PubMed to carry out a literature search for non-
Robertsonian translocations involving chromosomes 13, 14, or
15 in association with male infertility. We excluded trans-
locations involving chromosome 13, 14, or 15, without reported
breakpoints (n=3). We analyzed the relationship between
translocation breakpoints and male infertility and miscarriage.

3. Results

We identified in our 28 cases with non-Robertsonian trans-
locations involvement of chromosomes 13 (n=10), 14 (n=7), or
15 (n=11). Nineteen subjects with pregestational infertility (the
main characteristic being azoospermia or oligozoospermia), the
remaining nine subjects exhibited gestational infertility (the main
finding being normal semen parameters, in which the patient’s
partner conceived but tended to miscarry). The karyotype
analyses of these 28 subjects in relation to chromosome 13, 14, or
15 translocations are summarized in Table 1.
Our literature searches identified 201 carriers of non-

Robertsonian translocation, 83 subjects in chromosome 13,
56 subjects in chromosome 14 and 62 in chromosome 15. The
karyotypes of, and breakpoints in, group D chromosomes, and
their related clinical symptoms, are summarized in a supplemen-
tary files (Table 1, http://links.lww.com/MD/C850). The most
common translocations are t(7;13), t(10;14), and t(3;15),
observed respectively in 13, 8, and 8 subjects. In male
infertility, the distribution of other chromosomes involved in
the translocation with chromosome 13, 14, or 15 are shown in
Figure 1.
The literature search identified 75 breakpoints. The most

common breakpoint, at 13q22, was observed in 12 subjects,
followed by 14q32 (n=11), 15q15 (n=9), and 15q22 (n=9).
Most breakpoints are related to gestational infertility, while
breakpoints at 13p13, 13p12, 13p11.2, 13p11, 13q11, 13q15,
14p12, 14p10, 15p13, 15p10, and 15q22.2 are associated with
pregestational infertility (see supplementary files: Table 2, http://
links.lww.com/MD/C850).
omosomes and their clinical features.

Karyotype

t(1;13)(p22;q14) t(1;13)(q25;q14)
t(2;13)(q10;q10) t(4;13)(q12;q12)
t(10;13)(q10;q10)
t(11;13)(p15;q12)
t(12;13)(q15;q22)
t(13;17)(q14;q23)
t(13;19)(q12;p13)

t(1;14)(p36;q24)
t(4;14)(q35;q24)
t(7;14)(q32;p12)
t(11;14)(p10;p10)

t(2;15)(p11.2;q15)
t(7;15)(p15;q15)
t(9;15)(p13;q11)
t(10;15)(p11;q11)
t(15;17)(p12;q11)
t(15;18)(q15;p11)

t(5;13)(q13;q12) t(2;14)(q31;q24)
t(4;14)(q25;q24)
t(12;14)(p13;q24)

t(3;15)(p13;q22)
t(3;15)(q21;q22)
t(7;15)(q31;q22)
t(9;15)(p14;q22)
t(10;15)(q11.2;q24)
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Figure 1. Distribution of chromosomes involved in translocations with chromosome 13, 14, and 15. Chr = chromosome.
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4. Discussion

Chromosomal abnormality is a major genetic factor contributing
to male infertility.[2] Previous studies have reported that the
presence of chromosomal translocations can alter the process of
spermatogenesis.[17] Indeed, reciprocal and Robertsonian trans-
locations have been shown to lead to male infertility or
spontaneous abortion by altered segregation pattern, increased
sperm aneuploidy, or altered semen parameters.[4,6,7,18] These
effects are associated with specific chromosomes and breakpoints
involved in translocation.[9] Balanced reciprocal translocation
involving chromosomes 13, 14, or 15 are reported to be closely
related to male infertility and recurrent pregnancy loss.[10,19,20]

As male infertility is divided into pregestational and gestational
infertility,[21] we divided the 28 subjects identified as carriers of
balanced reciprocal translocation involving chromosomes 13,
14, or 15, and found 19 of these suffered pregestational
infertility, the remaining 9 patients gestational infertility.
We similarly analyzed the literature and identified of the 201

subjects, 83 involving chromosomes 13, 56 involving chromo-
some 14, and 62 subjects involving chromosome 15. The most
common translocations reported are t(7;13), t(10;14), and t
(3;15), observed, respectively, in 13, 8, and 8 subjects. The non-
Robertsonian translocations involving chromosomes 13, 14, or
15 are at increased risk of infertility or spontaneous abortions.
Previous research has shown that abnormal synapsis in
translocation carriers could lead to meiotic arrest and influence
the spermatogenesis[19] by associated abnormal chromosome
behavior with apoptosis in primary spermatocytes.[11]

A breakpoint in autosomal translocation may disrupt the genes
responsible for spermatogenesis or impair the pairing of synaptic
complexes during meiosis, thus resulting in reproductive
failure.[22] To investigate the relationship between breakpoints
in chromosomes 13, 14, and 15 and male infertility, we carried
out an analysis of the related literature and identified a close
3

association between breakpoints in these translocation carriers
and male infertility and reproductive failure. In total, 75
breakpoints were identified. Of these, the most common
breakpoint, at 13q22, was observed in 12 subjects, followed
by 14q32 (n=11), 15q15 (n=9) and 15q22 (n=9). Most
breakpoints are related to gestational infertility, while break-
points at 13p13, 13p12, 13p11.2, 13p11, 13q11, 13q15, 14p12,
14p10, 15p13, 15p10, and 15q22.2 are associated with
pregestational infertility. Consequently, we recommend that
patients undergoing genetic counseling for balanced transloca-
tion carriers should also receive preimplantation genetic
diagnosis or prenatal testing.[23] In particular, the carriers of
non-Robertsonian translocations involving chromosome 13, 14,
or 15. A limitation of this study is the lack of detailed research
regarding the specific molecular effects of each translocation by
molecular-cytogenetic methods. Therefore, we are unable to
explain the relationship between each breakpoint and spermato-
genesis.
5. Conclusion

Our results show that 28 subjects are identified as carriers of
balanced reciprocal translocation involving chromosomes 13,
14, or 15. Nineteen of these have experienced pregestational
infertility, while 9 present with gestational infertility. Combined
with literature analyses a total of 75 breakpoints are identified.
Pregestational infertility is associated more of the chromosome
13 with the breakpoints at 13q14, while gestational infertility
with 14q32. These differences have consequences for infertility
treatment and genetic counseling. Intracytoplasmic sperm
injection with PGD for the carriers with oligozoospermia,
microscopic testicular sperm extraction or sperm from the sperm
bank for the carriers with azoospermia should be considered for
pregestational infertility. The carriers with gestational infertility
can choose PGD or prenatal diagnosis.
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