
Case Report: Balanced Reciprocal
Translocation t (17; 22) (p11.2; q11.2)
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Two chromosomal abnormalities are described in an infertile man suffering from
teratozoospermia: balanced reciprocal translocation t (17; 22) (p11.2; q11.2) and a
microduplication in the region 10q23.31. Twenty genes located on the breakpoints of
translocation (e.g., ALKBH5, TOP3A, SPECC1L, and CDC45) are selected due to their
high expression in testicular tissues and might be influenced by chromosome
translocation. Four genes located on the breakpoints of microduplication including
FLJ37201, KIF20B, LINC00865, and PANK1 result in an increased dosage of genes,
representing an imbalance in the genome. These genes have been reported to be
associated with developmental disorders/retardation and might be risk factors affecting
spermatogenesis. Bioinformatics analysis is carried out on these key genes, intending to
find the pathogenic process of reproduction in the context of the translocation and
microduplication encountered in the male patient. The combination of the two
chromosomal abnormalities carries additional risks for gametogenesis and genomic
instability and is apparently harmful to male fertility. Overall, our findings could
contribute to the knowledge of male infertility caused by genetic factors.
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INTRODUCTION

Fertility rates have been declining worldwide over the past decade. Male infertility has been garnering
increasing attention (Agarwal et al., 2021). Several health conditions and lifestyle factors (e.g.,
obesity, smoking, and alcoholism) may affect fertility. However, around 40% of infertile men are
underdiagnosed, which might be attributed to underlying genetic causes (Krausz and Riera-
Escamilla, 2018).

Structural abnormalities of chromosomes in sperm increase the risk of aneuploidy and
unbalanced chromosomal complements in the fetus (Krausz and Riera-Escamilla, 2018)
(Hofherr et al., 2011). The reciprocal translocation t(17; 22) has been documented in two
infertile men, but with different chromosomal breakpoints (Geneix et al., 2002) (Ji Won Kim
et al., 2011). In one of those two patients, a meiotic segregation pattern of 3:1 was reported, which is
unusual. Reports of the long arm of chromosome 10 microduplication combined with another
chromosomal abnormality are uncommon. Chromosomal changes (particularly those involving
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segmental duplications) can contribute to high genomic
instability (Hofherr et al., 2011) (Manvelyan et al., 2007).
Furthermore, sperm morphology is a prominent component of
semen analyses and is important for the care of infertile couples
and their choice of assisted reproductive technology (ART).

We studied a man with teratozoospermia with regard to
cytogenetics and copy number variations (CNVs) whose wife
suffered a miscarriage. A balanced reciprocal translocation of t
(17; 22) (p11.2; q11.2) and a microduplication in the region
10q23.31 were found. With respect to ART, it is crucial to obtain
information about the genetic causes of male infertility because
these defects can be transmitted across generations.

MATERIALS AND METHODS

Ethical Approval of the Study Protocol
The study protocol was approved by the Ethics Committee of the
First Affiliated Hospital of Guangxi Medical University
(Nanning, China). Written informed consent was obtained
from the patient.

Semen Analyses
In brief, semen analyses were undertaken following the method
recommended in the fifth edition of the WHO laboratory manual
for the examination and processing of human semen
(Organization, 2010). Semen samples were collected twice at
an interval of 7 days after abstinence from coitus. Sperm
motility was calculated by counting ≥200 sperms.

Karyotype Analyses
Peripheral blood of the patient was treated with colchicine for
1.5 h, incubated in a hypotonic solution, and fixed with
methanol–acetic acid solution. Karyotype analyses were carried
out with Giemsa banding of chromosomes in metaphase
(400–550 bands). Twenty metaphase counts and eight
karyotypes were analyzed. Karyotypes were described in
accordance with the International Human Cytogenetic
Nomenclature System (2020) (Jean McGowan-Jordan and
Moore, 2020).

Molecular Analyses
Studies on microdeletion of the Y-chromosome were undertaken
using a multiplex polymerase chain reaction (PCR)
amplification-based method (Simoni et al., 1999). In brief,
DNA was extracted using standard methods, followed by two
separate multiplexed PCRs. The patient was considered to have
Y-chromosomemicrodeletion if a deletion was detected in at least
one marker within the verification set.

Next Generation Sequencing
CNVs were analyzed on the NovaSeq 6000 platform (Illumina,
San Diego, CA, United States). Experiments were carried out with
the NovaSeq 6000 S4 Reagent Kit and the S4 flow cell in
accordance with manufacturer protocols. The PE150 system
within the NovaSeq 6000 kit was employed for genotype
calling, quality control, and CNV identification. For the

annotation of genes in deleted or duplicated genomic
segments, the public databases Database of Genomic Variants
(DGV; www.dgv.tcag.ca/dgv/app/home), Clinical Genome
Resource (ClinGen; www.clinicalgenome.org/data-sharing/
clinvar/), Online Mendelian Inheritance in Man (OMIM;
www.omim.org/), Genome Aggregation Database (gnomAD;
www.gnomad.broadinstitute.org/), GeneReviews (www.ncbi.
nlm.nih.gov/books/NBK1116/), and Database of Chromosomal
Imbalance and Phenotype in Humans Using Ensembl Resources
(DECIPHER; www.deciphergenomics.org/) were used.

Bioinformatics Analysis
Data on the expression of candidate genes in normal tissues were
extracted from the National Center for Biotechnology Information
(www.ncbi.nlm.nih.gov/gene/) and Human Protein Atlas (www.
proteinatlas.org) (Uhlen et al., 2015). The functions of these genes
were obtained from the literature and neXtProt knowledge base
(www.nextprot.org) (Zahn-Zabal et al., 2020). The interaction
network of genes was determined using GeneMANIA (www.
genemania.org/) (Franz et al., 2018). Positional plots of the
microduplications on 10q23.31 regions were obtained from the
Genome Browser (www.genome.ucsc.edu).

RESULTS

A 35-year-old man arrived at the Department of Prenatal and
Genetic Diseases within the First Affiliated Hospital of Guangxi
Medical University for consultation regarding a miscarriage
suffered by his wife. A questionnaire was used to record
information on height, bodyweight, occupation, lifestyle,
family history, exposure to radiation/toxins, and trauma. His
wife got pregnant naturally and exhibited a well-developed female
phenotype. Results of routine examinations were taken from
electronic medical records.

For the patient, levels of follicle-stimulating hormone, luteinizing
hormone, estradiol, prolactin, and testosterone in serum were found
to bewithin the normal range. The testicular volumewas normal, and
other disorders affecting the reproductive system were not observed.
Semen analyses of two samples revealed asthenozoospermia [normal
sperm count (≥15×106/ml) but a lower percentage of sperm with
progressive motility (<32%)] and teratozoospermia (abnormal sperm
morphology >96%) (Supplementary Table S1). Conspicuous head-
shaped and acrosomal anomalies of sperm were observed (Figure 1).
Many sperm heads were absent or minute acrosome, whose
acrosome/sperm head ratio was less than 40%. Some sperms were
pyriform or irregularly ovoid and had small acrosomes.

Cytogenetic analyses (Giemsa banding) showed the karyotype of
the patient to be 46, XY, t (17; 22) (p11.2; q11.2) (Figure 2) and that
of his wife to be 46, XX. Microdeletion in azoospermia factor (AZF)
regions (sy84, sy86, sy127, sy134, sy254, and sy255) was not found
upon Y-chromosome analyses. CNVs showed a microduplication
~224.98 kb in size, and the result described as seq [GRCh37] dup (10)
(q23.31q23.31) chr10:g.91371499_91596485dup. However, this
microduplication has not been mentioned in a public database
previously (Figure 3). Unfortunately, the medical records from
the patient’s parents were failed to be obtained. Hence, it is
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FIGURE 1 | Morphology sperm images of the case. (A,C) The black arrow indicates a rounded acrosomeless head. The white arrow indicates that the pyriform
sperm head and midpiece comments are thick. (B,D) The black arrow indicates round without acrosome. The white arrow indicates a pyriform sperm head, and less
than 40% of the head is occupied by the acrosome.

FIGURE 2 | Cytogenetic images of chromosome karyotype (from peripheral blood sample): 46, XY, t (17; 22) (p11.2; q11.2).
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uncertain whether the two chromosomal rearrangements were de
novo or inherited from his parents.

In total, 24 genes located on the breakpoints of translocation
and microduplication (Supplementary Table S3) were analyzed
using GeneMANIA. The co-expression, genetic interactions,
physical interactions, shared protein domains, and co-
localization of these genes (with gray diagonal) are shown in
Figure 4. Simultaneously, the functions of these genes were
involved in cell cycle, regulation of chromosome organization,
and the synthesis and replication of DNA. The cross-interaction
of these genes reveals that they may contribute to
spermatogenesis as a group.

DISCUSSION

The Impact of Reciprocal Translocation on
Genomic Instability and Spermatogenesis
Reciprocal translocation between chromosome 17 and
chromosome 22 has been described in two male patients

whose wives suffered repeated spontaneous abortions
(Supplementary Table S2). Translocations involving
chromosome 17 have been thought to be harmful for the
fertility of the carrier (Geneix et al., 2002). Among the carriers
of chromosome translocation, the prevalence of unbalanced
gametes is high (about 81%) in the case of t (17; 22) (q11;
q12) (Benet et al., 2005). This finding suggests that
chromosome 17 and chromosome 22 might suffer abnormal
meiotic segregation. The association between translocation,
genes at the breakpoint, and reproductive pathogenic processes
have not been specifically investigated.

Interestingly, chromosome-specific low-copy repeats on
chromosomes 17p11.2 and 22q11.2 predispose these regions to
recurrent rearrangement through non-allelic homologous
recombination, which generates translocation,
microduplication, and microdeletion events (Babcock et al.,
2007) (Shaw et al., 2004) (Neira-Fresneda and Potocki, 2015)
(Knoll et al., 1995) (Jawad et al., 2001). If translocation occurs,
although the change in the genome may be balanced, it will also
have a serious impact, such as t (15; 17) occurring in acute

FIGURE3 |Copy number variation (CNV) analysis was perform on the case. Amicroduplication 10q23.31 (chr10:91371499-91596485) had been shown, affecting
genes of FLJ37201, KIF20B, LINC00865, and PANK1.
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myeloid leukemia and t (9; 22) occurring in chronic myeloid
leukemia (Kakizuka et al., 1991) (Tarkkanen et al., 1994).

Genome instability may play a role in male infertility.
Recent epidemiological studies have identified an association
between male infertility and cancer, and some “male
infertility-associated cancer genes” have been established
as risk factors in cancer progression (Nagirnaja et al.,
2018). Some shared biological processes could explain the
shared etiology of cancer and male infertility, such as cell
survival, cell fate, and genome maintenance. Disruption in
any of these pathways would be expected to lead to loss or
damage of germ cells and the associated expression of male
infertility. An interaction network was established according
to the genes at the chromosome breakpoints in our patient
(Figure 4). Interestingly, the genes for kinesin family
member 20B (KIF20B), DNA topoisomerase III-alpha
(TOP3A), LLGL scribble cell polarity complex component
1 (LLGL1), phosphoribosyl pyrophosphate synthetase-
associated protein 2 (PRPSAP2), and cell division cycle 45
(CDC45) were closely associated with DNA topoisomerase II
alpha (TOP2A) expression, which has been found to be
associated with the defective morphology of sperm heads
(Netherton et al., 2020). As found in our patient, the shape of

the sperm head is the most common morphological
abnormality reported.

The breakpoint of chromosome 17p11.2 (which is also the
critical region of Smith–Magenis syndrome) contains genes
involved in the pathogenesis of various cancers and processes
of reproductive physiology. TOP3A is a protein-coding gene
which catalyzes the transient breaking and rejoining of a
single strand of DNA, thereby reducing the number of
supercoils and altering the topology of DNA (Herbaux et al.,
2012). TOP3A can modify the topologic states of genomic DNA
and interact with the MLL gene to gain oncogenic characteristics
in acute leukemia. Although it is linked primarily with bloom
syndrome-like disorder and acute leukemia, TOP3A has been
shown to participate in the meiotic cell cycle and meiotic
recombination (Li and Wang, 1998). LLGL1, also called as
Lgl1, encodes a protein that is similar to a tumor suppressor
in Drosophila (Betschinger et al., 2003) (Zhu et al., 2020). It has a
vital role in regulating proliferation, differentiation, and tissue
organization in mammals and is involved in the regulation of
establishment or maintenance of cell polarity (Jossin et al., 2017).

AlkB homolog 5 (ALKBH5) is an RNA demethylase highly
expressed in the testes; it mediates m6A demethylation to regulate
RNA metabolism and gene expression (Wang et al., 2020).

FIGURE 4 |Network of genes located on the breakpoints of translocation andmicroduplication (available fromGeneMANIA). Circles with a gray diagonal are the 21
genes in breakpoints; black circles are the 20 related genes; 3 genes (FLJ37201, LINC00865 and CCDC144NL-AS1) are found no interaction with these genes. Genetic
linkages are drawn with different colors of lines, and the functions of these genes are present in color within circles. It has shown that genes of KIF20B, TOP3A, LLGL1
PRPSAP2, and CDC45 were closely associated with TOP2A expression, which has been found to be associated with the defective morphology of sperm heads.

Frontiers in Genetics | www.frontiersin.org May 2022 | Volume 13 | Article 7978135

Huang et al. Translocation and Microduplication in Chromosome

https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles


ALKBH5 plays a dual role in various cancers and reproductive
system diseases and is described as a “cancer/testis gene.”
ALKBH5 loss results in impaired mouse fertility by affecting
the metaphase stage of meiosis in the apoptosis of spermatocytes
(Zheng et al., 2013). The effects of ALKBH5 on sperm
morphology have been demonstrated by controlling
spermatogenic maturation, showing unmatured spermatids
(round and elongated) in the stained sections of the testes and
epididymis in ALKBH5-knockout mice (Tang et al., 2018).
Dynein regulatory complex subunit 3 (DRC3) is a critical hub for
controlling flagellar motility and is also a key component of the
nexin–dynein regulatory complex (N-DRC). DRC3 interacts with
dynein g to regulate flagellar waveform, andmutations ofDRC3 cause
a decrease in the movement speed of Chlamydomonas (Awata et al.,
2015). In addition, COP9 signalosome subunit 3 (COPS3), is a
component of the COP9 signalosome complex (CSN), which is
involved in various cellular and developmental processes (Eunju
Kim et al., 2011). Germ cells of CSN3-knockout mice cannot
complete phase I of meiosis. Phospholipase D family member 6
(PLD6), also known as MitoPLD, is an endonuclease that plays a
critical role in the biogenesis of PIWI-interacting RNA (piRNAs)
during spermatogenesis (Watanabe et al., 2011). Destruction of the
ubiquitin B (UBB) gene is related to low expression of many proteins
involved in spermatogenesis and the reduction of germ cell numbers
(Han et al., 2021). UBB-knockout mice are infertile because of
structural destruction of the gonads and reproductive organs,
which results in unformed gametes (Ryu et al., 2008). Some other
genes, such as coiled coil domain containing 144NL antisense RNA
1(CCDC144NL-AS1), FLII actin remodeling protein (FLII), and unc-
51 like autophagy activating kinase 2 (ULK2), are involved in
important functions, such as cell proliferation (Wang et al., 2019),
embryonic development (Jossin et al., 2017) (Yang et al., 2021), and
autophagy (Chan et al., 2009). Genes exhibit multiple physiological
and pathological functions depending on the tissue and/or cell type
where they are expressed (Priyanka and Yenugu, 2021). Thus, genes
that show high expression in testes might have roles in sperm
function and male fertility. Genes for the GID complex subunit 4
homolog (GID4), sperm antigen with calponin homology and coiled
coil domains 1(SPECC1), and PRPSAP2 show high expression in
testes. The changes of these genes located on the translocation
breakpoint could lead to an increased risk of male infertility.

Genes mapped within or immediately adjacent to the
breakpoint region of 22q11.2 are involved in hematological
malignancies, such as chronic myeloid leukemia and other
developmental disorders (Jawad et al., 2001) (Tarkkanen et al.,
1994). Among them, the gene for sperm antigen with calponin
homology and coiled coil domains 1 like (SPECC1L) shows the
highest expression in testes compared with that in other tissues.
SPECC1L was first identified to be disrupted by a balanced
translocation t (1; 22) (21.3; q11.23) in a female patient with
bilateral oromedial–canthal (Tessier IV) clefts (Dasouki et al.,
1988). It encodes a cross-linking protein that interacts
functionally with microtubules and the actin cytoskeleton,
which is necessary for the adhesion and migration of cells
(Saadi et al., 2011). Also, in cases of Opitz G/BBB syndrome,
SPECC1Lmutations can cause syndromic forms of facial clefting,
which supports the original correlation to chromosome 22q11.2

(Kruszka et al., 2015). CDC45 is a member of the pre-initiation
complex in DNA replication, which is important in the early steps
of DNA replication in eukaryotes. Biallelic mutations of CDC45
cause a spectrum of phenotypes, including isolated short stature
and craniosynostosis (Knapp et al., 2021) (Unolt et al., 2020), may
promote hepatocellular carcinoma or non-small-cell lung cancer,
and are correlated with a poor prognosis in patients (Lu et al.,
2021) (Huang et al., 2019). Haploinsufficiency of the gene for
T-box transcription factor-1 (TBX1) has been reported to cause
abnormal growth and remodeling in the pharyngeal apparatus
and other related structures (Lindsay et al., 2001), Similarly, TBX1
disrupts orofacial and cranial nerve development by modifying
retinoic acid-modulated anterior–posterior hindbrain
differentiation (Yagi et al., 2003) (Verhagen et al., 2012).
These disruptions likely contribute to dysphagia in infants and
young children with DiGeorge syndrome.

Several other genes in the 22q11 region have been implicated
in the pathogenesis of developmental disorders. The gene for
phosphatidylinositol 4-kinase alpha (PI4KA) is implicated in the
pathogenesis of cerebellar hypoplasia and arthrogryposis
(Pagnamenta et al., 2015). Ess-2 splicing factor homolog
(Ess2) (also termed Dgcr14) is a nuclear protein that bridges
transcriptional regulators and spliceosomal complexes via
distinct interacting domains, and Ess2 might be involved in
the pathogenesis of DiGeorge syndrome (Takada et al., 2018).
The gene for synaptosome-associated protein 29 (SNAP29) has
been shown to be involved in the formation of primary cilia,
epidermal differentiation, membrane fusion, and autophagy.
SNAP29 has been implicated in recessive neurocutaneous
cerebral dysgenesis, neuropathy, ichthyosis, and keratoderma
(Martens et al., 2021). The gene for the DGCR8
microprocessor complex subunit (DGCR8) encodes a subunit
of the microprocessor complex, which mediates the biogenesis of
microRNAs from the primary microRNA transcript. DGCR8 can
enhance the migration and invasion of triple-negative breast
cancer cells by targeting transforming growth factor-β (Cui
et al., 2020). Hence, the genes mentioned previously appear to
be associated with developmental disorders/retardation but
might also affect spermatogenesis.

The Microduplications’ Impact on Genomic
Instability and Spermatogenesis
In addition to balanced reciprocal translocation, microarray
analyses have revealed a novel 224.98-kb microduplication in
chromosome 10q23.31. In total, four patients have been reported
to have an overlap of microduplications in the genomic sequence
of 10q23.31 (chr10:91371499-91596485) (Supplementary Table
S4), and two of them have severe phenotypes (e.g., intellectual
disability). Some other reports in chromosome 10 CNVs were
indicated that impacted risk genes were responsible for different
cellular processes, including cell signaling, sensing, and repair
(Dai et al., 2013) (Li et al., 2018). Impairment of these genes is
expected to disrupt the functions involved specifically with
cellular development and may lead to diseases.

In the present case study, microduplication encompassed four
genes: tigger transposable element derived 2 pseudogene (FLJ37201),
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KIF20B, long intergenic non-protein coding RNA 865 (LINC00865),
and pantothenate kinase 1 (PANK1). None of these genes were
identified in OMIM as causing diseases. However, whether any of
these genes could be expression-sensitive and responsible for male
infertility is not known. Pseudogenes were considered to be
evolutionally conserved but have been found to act as “gene
reservoirs” that might allow the genome to carry out novel
functions effectively (Chen et al., 2020). It has been reported that
more pseudogenes might be present in reproductive cells than in
somatic cells (Noll et al., 2015). Moreover, transposable elements can
create insults or rearrangements to chromosomes and affect gene
expression, which can contribute to genomic innovations and
genome instability (Klein and O’Neill, 2018). In this regard, with
a high expression in testes, pseudogene FLJ37201 could be a new
candidate gene for recognizing the mechanisms of male infertility.
LINC00865 is a long noncoding RNA (lncRNA). lncRNAs have a
sequence length of >200 nucleotides and are considered to be
regulators of several cellular processes, particularly in
tumorigenesis and cancer progression (Zhang et al., 2021).
lncRNA expression can be regulated at gene and transcription
levels and induce cell cycle arrest and apoptosis (Zhai et al.,
2021). Unlike other lncRNAs, LINC00865 has a high expression
in testicular tissues and could be a cancer/testis-related gene.

KIF20B (previously called M-phase phosphoprotein 1) is a
member of the kinesin-6 family. KIF20B is involved in the growth
of the cerebral cortex and midbody organization of neural stem
cells in mice (Janisch et al., 2018). KIF20B can accelerate or
coordinate midbody maturation and regulate the late steps of
maturation in a human cell line. KIF20B also has essential roles in
multiple types of cancer, and could function as a cancer–testis
antigen specific to bladder cancer in humans (Kanehira et al.,
2007; Li et al., 2019). KIF20B also regulates cell proliferation,
apoptosis, and tumor growth in hepatocellular carcinoma in
association with the tumor protein p53 (TP53) (Liu et al.,
2014). Similarly, PANK1 is a transcriptional target for TP53,
has a vital role in metabolic regulation, and modulates the energy
balance in the adaptive immune system (Wang et al., 2013).

Evidence of a phenotypically well-defined syndrome resulting
from 10q23.31 microduplication is lacking, and its clinical
importance is unclear. In our case, the patient presented with
teratozoospermia accompanied by asthenozoospermia. Even
though no genetic information of the patient’s parents and
aborted tissue was obtained and could not rule out other
genetic (e.g., gene mutations) or non-genetic (e.g.,
environmental and multifactorial) factors, the karyotype of
translocation and microduplication most likely represent a risk
factor for the abnormal morphology of sperm and lack of motility
under current conditions. The interaction network of 24 genes on
breakpoints reveals that these genes may contribute to
spermatogenesis as a group. Since the wife is naturally
pregnant and her parameters of the physical examination are
normal, the genetic defects of the patient are still the main cause
of reproductive risk. Concerning future pregnancy, they are
advised that there is an increased risk for karyotypically
unbalanced fetuses and birth defects. And the pre-
implantation genetic diagnosis (PGD) is recommended.

CONCLUSION

A balanced reciprocal translocation t (17; 22) (p11.2; q11.2)
and a microduplication in the region 10q23.31 were identified
in our patient suffering from teratozoospermia. In total, 24
genes located on the breakpoints of translocation and
microduplication were selected for their high expression in
testicular tissues and associating with developmental
disorders/retardation. The interaction of these genes might
be risk factors for spermatogenesis, resulting in the phenotype
of abnormal morphology of sperm and lack of motility.
Combined with the balanced reciprocal translocation t (17;
22), 10q23.31 microduplication could have severe
consequences for gametogenesis and could be transmitted
across generations.
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