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1 Introduction

Abstract: Chromosomal inversion is closely related to male
infertility. Inversion carriers may produce abnormal gametes,
which may lead to partial duplication/deletion of the
embryonic chromosome and result in spontaneous abortion,
a fetus with multiple anomalies, or birth of a malformed child.
Genetic counselling remains challenging for these carriers in
clinical practice. We report two male carriers with inversion
of chromosome 10 and review 26 reported cases. In the ﬁrst
case, 46,XX,inv(10)(p13q22) of the fetal chromosome was
found in prenatal diagnosis; this was inherited from the
paternal side with 46XY,inv(10)(p13q22). Another case was
a male carrier with inv(10)(q21.2q22.1). There have been 25
(89.3%) cases of pericentric inversion and three (10.7%) cases
of paracentric inversion involving chromosome 10. Of 28
cases, nine were associated with pregestational infertility of
the couples, while the other 19 cases were associated with
gestational infertility of the couples or normozoospermia. The
breakpoints at 10p15, 10p11, 10q11, and 10q21 were associated
with pregestational infertility of the couples. The breakpoints
at 10p15, 10p14, 10p13, 10p12, 10p11, 10q11, 10q21, 10q22,
10q23, 10q24, 10q25, and 10q26 were related to gestational
infertility of the couples or normozoospermia. Although there
is a high risk of infertility or recurrent miscarriages, carriers
with inversion of chromosome 10 might produce healthy oﬀspring. Natural pregnancy can be used as a choice for inversion carriers with recurrent spontaneous abortion.

Male infertility is a complex multifactorial pathological
condition with heterogeneity [1] and accounts for approximately 50% of infertile couples [2]. Genetic causes are
responsible for approximately 15% of infertility in men
[3]. Chromosomal disorders are considered to be an important genetic factor leading to defects of spermatogenesis.
Chromosomal inversion and its breakpoint are closely
related to male infertility [4–6].
Chromosomal inversion refers to the occurrence of
a two-break event in a chromosome, and the segment
rotates 180 degrees before reinserting [7]. However, inversion carriers may produce abnormal gametes through
meiosis, which may lead to partial duplication/deletion
of the embryonic chromosome. This then results in spontaneous abortion, a fetus with multiple anomalies, or birth
of a malformed child [5]. With regard to chromosome 10
inversion, inv(10)(p15q24) has been reported in three generations of a family [8]. In paracentric inversion of chromosome 10 [inv(10)(q11.22q21.1)], the carriers have a normal
phenotype, and no known gene is directly disrupted by the
inversion [9]. Collinson et al. [10] reported that inv(10)
(p11.2q21.2) was a benign variant. An increasing number of
cases with inversion of chromosome 10 have been reported
with development of clinical research. However, genetic
counselling remains a challenge for chromosome 10 inversion carriers in clinical practice.
We report two male cases of chromosome 10 inversion. We also discuss the clinical fertility problems of
men carrying chromosome 10 inversion.
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2 Methods
This study was approved by the Ethics Committee of the
First Hospital of Jilin University (No. 2019-300) and written
informed consent was provided by each patient.
A 37-year-old man was phenotypically normal with
average intelligence. His wife chose amniocentesis for
This work is licensed under the Creative Commons Attribution 4.0
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prenatal diagnosis at 19 weeks of pregnancy because of
advanced maternal age. Amniotic ﬂuid cells were obtained
through amniocentesis after written informed consent was
obtained and collected by centrifugation. Amniocytes were
inoculated in ﬂasks using laboratory standards and cultured
in carbon dioxide incubators for 12 days.
A 31-year-old man with a normal phenotype had a
height of 169 cm and weight of 78.5 kg. Cytogenetic detection was performed for the man and his wife because his
wife had two spontaneous abortions. After informed consent, peripheral blood was collected and chromosomal
preparations were obtained from lymphocyte cultures.
Cell harvesting was performed after the peripheral blood
lymphocytes were cultured for 3 days. Giemsa staining of
metaphase chromosomes was conducted according to the
laboratory standard procedure. Twenty metaphases were
counted and ﬁve karyotypes were analyzed. The couple was
recalled to perform karyotype analysis because of abnormality of the fetal chromosome. Chromosomal analysis was
performed as described in our previous study [11].
Papers on male chromosome 10 inversions were
searched for using the PubMed database. The search keywords were “chromosome/inversion/male infertility” and
“inversion/abortion.” We also analyzed a reference list
that we created of papers that we had previously read.
We included male adults with chromosome 10 inversion
who were of a fertile age and excluded women and newborn carriers and those with bone marrow detection
involving chromosome 10 inversion.

3 Results
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Figure 1: (a) Karyotype of the ﬁrst case and (b) karyotype of the
second case. The arrows indicate an abnormal chromosome 10.

his wife had a normal karyotype. His wife had a history
of recurrent miscarriage. Unfortunately, no genetic testing
was conducted for products of conception from the spontaneous abortions.

3.2 Review of the literature
After reviewing the literature, clinical ﬁndings and breakpoints in chromosome 10 inversion carriers were collected and summarized (Table 1). We found 26 carriers
of chromosome 10 inversions. Including the current two
cases, we found 25 (89.3%) cases of pericentric inversion
and three (10.7%) cases of paracentric inversion associated with chromosome 10. Nine cases were associated
with pregestational infertility of the couples, while the
other 19 cases were associated with gestational infertility
of the couples or normal fertility. The breakpoints at
10p15, 10p11, 10q11, and 10q21 were associated with pregestational infertility of the couples. The breakpoints at
10p15, 10p14, 10p13, 10p12, 10p11, 10q11, 10q21, 10q22,
10q23, 10q24, 10q25, and 10q26 were related to gestational infertility of the couples or normal fertility.

3.1 Case description
3.1.1 Case 1
The variant 46,XXinv(10)(p13q22) of the fetal chromosome
was found in prenatal diagnosis. Further detection of the
couple’s chromosomes showed that the fetal chromosomes
were inherited from the father. The husband’s karyotype was
46,XY,inv(10)(p13q22) (Figure 1a) and his wife had a normal
karyotype. They were a nonconsanguineous couple and the
wife had no history of spontaneous abortion.

3.1.2 Case 2
A karyotype result showed that the chromosome of the
husband was 46,XY,inv(10)(q21.2q22.1) (Figure 1b) and

4 Discussion
Inversion is one of the most common structural chromosomal balanced rearrangements. Although inversion carriers usually have a normal phenotype, the inverted chromosome region causes synaptic and recombinational
problems during meiosis [12]. For men, inversion can
disrupt spermatogenesis and lead to production of unbalanced spermatozoa through formation of an inversion
loop [13]. Individuals who obtain these sperm will inevitably experience abortion, and the fetus can have delayed
development, mental retrieval, or abnormal development
of certain organ systems. Detection of spermatozoa from
inversion carriers should be included in genetic counselling of infertile men to allow a personalized risk
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Karyotype

No family history

Recurrent fetal wastage
Miscarriage
Recurrent abortions
Recurrent pregnancy loss
Lack of conception
20 apparently unrelated families
N/A
N/A
Have a 2-year-old healthy daughter with 46,XX and a
fetus with prominent facial dysmorphism
N/A
Childless at age 34
Have normal infant born
N/A
Familial inheritance

2 spontaneous abortions
N/A
N/A
N/A
3 spontaneous abortions
N/A
Recurrent abortions

N/A
Observed in three generations of a family

N/A
Have inv(10) recombinant in two aﬀected sibs

Family history

Oligospermia
Hypogonadism
Normozoospermia
Sterile male
19 family members over three generations carry the same
paracentric inversion
An inherited chromosome variant

N/A
Severe oligozoospermia
Sterility
N/A
Normozoospermia
No adverse clinical ﬁndings
Severe oligozoospermia
Infertility
A paternal pericentric inversion

Hypogonadotropic hypogonadism
46,XY,inv(10)(p15.1q25.2) was found in the father and the
healthy son
Infertility
One daughter with the inv(10) and trisomy 18. The other
oﬀspring with a recombinant (10) chromosome
N/A
94.05% normal or balanced spermatozoa
Non-iatrogenic azoospermic men; Sperm retrieval at surgery
Normozoospermia
N/A
Azoospermia
Sterility

Clinical ﬁndings

Entesarian et al. [9]

Teyssier et al. [28]
de la Chapelle et al. [43]
Penso et al. [44]
Collinson et al. [10]
Venter et al. [45]

Ghazaey et al. [29]
Perrin et al. [30]
Donker et al. [31]
Pylyp et al. [32]
Husslein et al. [33]
Peschka et al. [34]
Groupe de Cytogénéticiens
Français [35]
Fryns et al. [36]
Dul et al. [37]
Collinson et al. [10]
Stephenson et al. [38]
Olszewska et al. [39]
Gilling et al. [21]
Mierla et al. [40]
Dana et al. [41]
Chen et al. [42]

Teyssier et al. [28]
Rodriguez et al. [8]

Helszer et al. [26]
Roberts et al. [27]
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Table 1: Clinical ﬁndings in the couples with male partners carrying chromosome 10 inversions
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assessment [13]. However, there is a negligible risk of
producing viable unbalanced oﬀspring for paracentric
inversion [14]. Therefore, appropriate genetic counselling
for these carriers depends on the involved chromosomes
and its breakpoints.
The current study identiﬁed two male inversion 10
carriers. In the ﬁrst case, the husband’s wife had no history of spontaneous abortion and was pregnant with a
fetus with chromosome 10 inversion. A newborn with
a normal phenotype was delivered. The second case was
a male carrier with paracentric inversion. His wife had
two spontaneous abortions. We performed a literature
search to review the clinical characteristics and provide
appropriate genetic counselling for inversion 10 carriers.
Twenty-six cases of chromosome 10 inversion are summarized in Table 1. According to Li et al. [15], male infertility can
be divided into pregestational and gestational infertility of
couples. Pregestational infertility is characterized by failure
to produce a fertilized ovum. Gestational infertility is characterized by embryo loss after fertilization. Further analysis
of the previous cases and our cases showed that the breakpoints at 10p15, 10p11, 10q11, and 10q21 were associated with
pregestational infertility of the couples. All breakpoints on
chromosome 10 were related to gestational infertility or
normozoospermia.
With regard to pregestational infertility of the couples, the main clinical manifestations were severe oligozoospermia, azoospermia, infertility, and hypogonadism.
To examine the role of breakpoints in chromosome 10
inversion in male infertility, we investigated whether certain genes on chromosome 10 are involved in spermatogenesis. The cAMP response element modulator gene
(CREM), which is located on chromosome 10p11.21, may
be responsible for activating several haploid germ cellspeciﬁc genes involved in the structure of the spermatozoon [16]. CREM is also thought to be important for
mammalian spermatogenesis [17]. The TET oncogene family
member 1 (TET1) gene has been mapped to chromosome
10q21.3. TET1 has an important role in regulating related
genes, which are involved in generation of gametes and
meiosis [18]. Kim et al. [19] reported a breakpoint at 10q24
in cases of impaired spermatogenesis and recurrent abortion. In the case of gestational infertility in couples, the
main clinical aspects are normozoospermia, spontaneous
abortions, and familial inheritance. Although some cases
with inversion of chromosome 10 show normal fertility,
these carriers have a higher reproductive risk. For structural
reorganization carriers, the mechanism of chromosomal
abnormality aﬀecting spermatogenesis includes the following: (1) an interchromosomal eﬀect increases the risk



319

of numerical chromosomal abnormalities in the gametes,
(2) disturbance of chromosomal pairing, synapsis, and
recombination during meiosis, (3) DNA fragmentation in
spermatozoa and activation of apoptosis, and (4) interference of speciﬁc gene function at the breakpoint [4,20].
However, Young et al. [7] reported that infertile carriers
with chromosomal inversions are not susceptible to an
interchromosomal eﬀect. Therefore, the exact mechanism
of chromosomal abnormality aﬀecting spermatogenesis
requires further study.
Notably, inv(10)(p11.2q21.2) was once considered as a
benign variant [10,21]. Table 1 shows that some cases of
inv(10)(p11.2q21.2) showed recurrent spontaneous abortion. Moreover, polymorphic variants in chromosomes
probably play a signiﬁcant role in infertility [22]. Therefore, more attention should be paid to this inverted chromosome in genetic counselling.
For inversion carriers experiencing recurrent pregnancy
loss, preimplantation genetic diagnosis is considered as part
of clinical management, which can improve the pregnancy
rate and reduce the abortion rate [23,24] However, preimplantation genetic diagnosis involves high additional costs
and has potential complications for patients. Furthermore,
the beneﬁts of preimplantation genetic diagnosis to patients
have not been conﬁrmed [25]. Clinical physicians should pay
attention to obtaining good reproductive results through
natural pregnancy in genetic counselling.
In this study, we report two male carriers with inversion of chromosome 10 and review 26 reported cases.
Despite the high risk of infertility and recurrent miscarriages, carriers of chromosome 10 inversion might be able
to produce healthy oﬀspring. Natural pregnancy can be
used as a choice for carriers of chromosome 10 inversion
with recurrent spontaneous abortion.
Acknowledgments: We thank Ellen Knapp, Ph.D., from
Liwen Bianji, Edanz Editing China (www.liwenbianji.
cn/ac), for editing the English text of a draft of this
manuscript.
Funding: This work was supported by the Finance
Department Health Special Project of Jilin Province, China
(JLSCZD2019-022).
Conﬂict of interest: The authors have declared no conﬂicts of interest.
Data availability statement: The datasets generated during
the current study are available from the corresponding
author on reasonable request.

320



Xinyue Zhang et al.

Reference
[1]
[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Krausz C, Riera-Escamilla A. Monogenic forms of male infertility.
Exp Suppl. 2019;111:341–66.
Cheng PJ, Tanrikut C. The role of the urologist in a reproductive
endocrinology and infertility practice. Urol Clin North Am.
2020;47:185–91.
Beaumont M, Tucker EJ, Mary L, Launay E, Lurton Y, Pimentel C,
et al. Pseudodicentric chromosome originating from autosomes 9 and 21 in a male patient with oligozoospermia.
Cytogenet Genome Res. 2019;159:201–7.
Li R, Fan H, Zhang Q, Yang X, Zhan P, Feng S. Pericentric
inversion in chromosome 1 and male infertility. Open Med
(Wars). 2020;15:343–8.
Balasar Ö, Zamani AG, Balasar M, Acar H. Male infertility
associated with de novo pericentric inversion of chromosome 1.
Turk J Urol. 2017;43:560–2.
Ghorbel M, Baklouti-Gargouri S, ElGhazel H, Zribi N, Ben
Abdallah F, Cherif M, et al. Pericentric inversion of chromosom
12 [Inv (12) (p12q12)] associated with idiopathic azoospermia
in one infertile Tunisian man. Biochem Biophys Res Commun.
2013;432:472–4.
Young D, Klepacka D, McGarvey M, Schoolcraft WB, KatzJaﬀe MG. Infertility patients with chromosome inversions are
not susceptible to an inter-chromosomal eﬀect. J Assist
Reprod Genet. 2019;36:509–16.
Rodriguez MT, Martin MJ, Abrisqueta JA. Familial pericentric
inversion (10) and its eﬀect on two oﬀspring. J Med Genet.
1984;21:317–9.
Entesarian M, Carlsson B, Mansouri MR, Stattin EL,
Holmberg E, Golovleva I, et al. A chromosome 10 variant with a
12Mb inversion [inv(10)(q11.22q21.1)] identical by descent and
frequent in the Swedish population. Am J Med Genet A.
2009;149A:380–6.
Collinson MN, Fisher AM, Walker J, Currie J, Williams L,
Roberts P. Inv(10)(p11.2q21.2), a variant chromosome.
Hum Genet. 1997;101:175–80.
Wang R, Yu Y, Wang Q, Jiang Y, Li L, Zhu H, et al. Clinical
features of infertile men carrying a chromosome 9 translocation. Open Med (Wars). 2019;14:854–62.
Jaarola M, Martin RH, Ashley T. Direct evidence for suppression
of recombination within two pericentric inversions in humans:
a new sperm-FISH technique. Am J Hum Genet.
1998;63:218–24.
Morel F, Laudier B, Guérif F, Couet ML, Royère D, Roux C, et al.
Meiotic segregation analysis in spermatozoa of pericentric
inversion carriers using ﬂuorescence in-situ hybridization.
Hum Reprod. 2007;22:136–41.
Bhatt S, Moradkhani K, Mrasek K, Puechberty J, Manvelyan M,
Hunstig F, et al. Breakpoint mapping and complete analysis of
meiotic segregation patterns in three men heterozygous for
paracentric inversions. Eur J Hum Genet. 2009;17:44–50.
Li D, Zhang H, Wang R, Zhu H, Li L, Liu R. Chromosomal
abnormalities in men with pregestational and gestational
infertility in northeast China. J Assist Reprod Genet.
2012;29:829–36.
Nantel F, Monaco L, Foulkes NS, Masquilier D, LeMeur M,
Henriksén K, et al. Spermiogenesis deﬁciency and germ-cell
apoptosis in CREM-mutant mice. Nature. 1996;380:159–62.

[17] Blendy JA, Kaestner KH, Weinbauer GF, Nieschlag E, Schütz G.
Severe impairment of spermatogenesis in mice lacking the
CREM gene. Nature. 1996;380:162–5.
[18] Hill PWS, Leitch HG, Requena CE, Sun Z, Amouroux R, RomanTrufero M, et al. Epigenetic reprogramming enables the transition
from primordial germ cell to gonocyte. Nature. 2018;555:392–6.
[19] Kim JW, Chang EM, Song SH, Park SH, Yoon TK, Shim SH.
Complex chromosomal rearrangements in infertile males:
complexity of rearrangement aﬀects spermatogenesis. Fertil
Steril. 2011;95:349–52. e3525.
[20] Anton E, Vidal F, Blanco J. Interchromosomal eﬀect analyses by
sperm FISH: incidence and distribution among reorganization
carriers. Syst Biol Reprod Med. 2011;57:268–78.
[21] Gilling M, Dullinger JS, Gesk S, Metzke-Heidemann S,
Siebert R, Meyer T, et al. Breakpoint cloning and haplotype
analysis indicate a single origin of the common Inv(10)
(p11.2q21.2) mutation among northern Europeans. Am J Hum
Genet. 2006;78:878–83.
[22] Madon PF, Athalye AS, Parikh FR. Polymorphic variants on
chromosomes probably play a signiﬁcant role in infertility.
Reprod Biomed Online. 2005;11:726–32.
[23] Escudero T, Lee M, Stevens J, Sandalinas M, Munné S.
Preimplantation genetic diagnosis of pericentric inversions.
Prenat Diagn. 2001;21:760–6.
[24] Bernicot I, Dechanet C, Mace A, Hedon B, Hamamah S,
Pellestor F, et al. Predictive value of sperm-FISH analysis on
the outcome of preimplantation genetic diagnosis (PGD) for a
pericentric inversion inv5(p15.3q11.2) carrier. Hum Reprod.
2010;25:1818–23.
[25] Iews M, Tan J, Taskin O, Alfaraj S, AbdelHafez FF, Abdellah AH,
et al. Does preimplantation genetic diagnosis improve reproductive outcome in couples with recurrent pregnancy loss
owing to structural chromosomal rearrangement? A systematic
review. Reprod Biomed Online. 2018;36:677–85.
[26] Helszer Z, Lach J, Nowacka J, Constantinou M, Kałuzewski B.
Inv(10) in a patient with hypogonadotropic hypogonadism.
J Appl Genet. 2003;44:225–9.
[27] Roberts P, Williams J, Sills MA. A case of two inversion (10)
recombinants in a family. J Med Genet. 1989;26:461–4.
[28] Teyssier M, Moreau N. Familial pericentric inversion of chromosome 10. 2 new cases. Ann Genet. 1983;26:183–6.
[29] Ghazaey S, Keify F, Mirzaei F, Maleki M, Tootian S, Ahadian M,
et al. Chromosomal analysis of couples with repeated spontaneous abortions in northeastern Iran. Int J Fertil Steril.
2015;9:47–54.
[30] Perrin A, Caer E, Oliver-Bonet M, Navarro J, Benet J, Amice V,
et al. DNA fragmentation and meiotic segregation in sperm of
carriers of a chromosomal structural abnormality. Fertil Steril.
2009;92:583–9.
[31] Donker RB, Vloeberghs V, Groen H, Tournaye H, van
Ravenswaaij-Arts CMA, Land JA. Chromosomal abnormalities
in 1663 infertile men with azoospermia: the clinical consequences. Hum Reprod. 2017;32:2574–80.
[32] Pylyp LY, Spinenko LO, Verhoglyad NV, Zukin VD.
Chromosomal abnormalities in patients with oligozoospermia
and non-obstructive azoospermia. J Assist Reprod Genet.
2013;30:729–32.
[33] Husslein P, Huber J, Wagenbichler P, Schnedl W. Chromosome
abnormalities in 150 couples with multiple spontaneous
abortions. Fertil Steril. 1982;37:379–83.

Male fertility problem and chromosome 10 inversion

[34] Peschka B, Leygraaf J, Van der Ven K, Montag M,
Schartmann B, Schubert R, et al. Type and frequency of chromosome aberrations in 781 couples undergoing intracytoplasmic sperm injection. Hum Reprod. 1999;14:2257–63.
[35] Groupe de Cytogénéticiens Français. Pericentric inversions in
man. A French collaborative study. Groupe de Cytogénéticiens
Français. Ann Genet. 1986;29:129–68.
[36] Fryns JP, Van Buggenhout G. Structural chromosome rearrangements in couples with recurrent fetal wastage. Eur J Obstet
Gynecol Reprod Biol. 1998;81:171–6.
[37] Dul EC, van Echten-Arends J, Groen H, Dijkhuizen T, Land JA,
van Ravenswaaij-Arts CM. Chromosomal abnormalities in
azoospermic and non-azoospermic infertile men: numbers
needed to be screened to prevent adverse pregnancy outcomes. Hum Reprod. 2012;27:2850–6.
[38] Stephenson MD, Sierra S. Reproductive outcomes in recurrent
pregnancy loss associated with a parental carrier of a structural chromosome rearrangement. Hum Reprod.
2006;21:1076–82.
[39] Olszewska M, Barciszewska MZ, Fraczek M, Huleyuk N,
Chernykh VB, Zastavna D, et al. Global methylation status of

[40]

[41]

[42]

[43]

[44]

[45]



321

sperm DNA in carriers of chromosome structural aberrations.
Asian J Androl. 2017;19:117–24.
Mierla D, Jardan D, Stoian V. Chromosomal abnormality in men
with impaired spermatogenesis. Int J Fertil Steril.
2014;8:35–42.
Dana M, Stoian V. Association of pericentric inversion of
chromosome 9 and infertility in romanian population. Maedica
(Buchar). 2012;7:25–9.
Chen CP, Ko TM, Su YN, Wang LK, Chern SR, Wu PS, et al. Prenatal
diagnosis and molecular cytogenetic characterization of rec(10)
dup(10p)inv(10)(p11.2q26.3) in a fetus associated with paternal
pericentric inversion. Taiwan J Obstet Gynecol. 2016;55:733–7.
de la Chapelle A, Schröder J, Stenstrand K, Fellman J, Herva R,
Saarni M, et al. Pericentric inversions of human chromosomes
9 and 10. Am J Hum Genet. 1974;26:746–66.
Penso CA, Sandstrom MM, Garber MF, Ladoulis M, Stryker JM,
Benacerraf BB. Early amniocentesis: report of 407 cases with
neonatal follow-up. Obstet Gynecol. 1990;76:1032–6.
Venter PA, Dawson B, Du Toit JL, Smith EL, Kritzinger N,
Landman AS, et al. A familial paracentric inversion: a short
review of the current status. Hum Genet. 1984;67:121–5.

