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Abstract

Objective: The pericentric inversion of chromosome 9 (inv9) is one of the most common

structural balanced chromosomal variations, and it is considered to be a normal population

variant. The aim of this study was to re-evaluate the clinical impact of patients with inv9.

Methods: We studied the karyotypes from 4853 patients at a single center and retrospectively

reviewed their clinical data.

Results: There were 67 inv9 patients among 2988 adults, and 62 of them showed different

clinical features, including male and female infertility, oligoasthenozoospermia, and azoospermia.

Thirty-one cases of inv9 were found in 1865 fetuses, including two cases in chorionic villus

(6.90%) and 29 in amniotic fluid (1.67%), but there were no cases in umbilical cord blood. The

rates of fetal phenotype abnormal and adverse pregnancy outcome with inv9 in the chorionic

villus were 100.00% (2/2), while only 17.24% (5/29) in the amniotic fluid showed abnormalities,

among which 60.00% (3/5) had adverse pregnancy outcomes.

Conclusions: Although there is no clear evidence that inv9 is pathogenic, the genetic counseling

on inv9 in early pregnancy and adults needs to be given more attention.
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Introduction

Chromosomal variants of constitutive het-

erochromatin were usually reported in the

human karyotype, especially chromosomes

1, 9, 16, and Y.1 The pericentric inversion

of the heterochromatin region of

Prenatal Diagnosis Center, The Sixth Affiliated Hospital of

Guangzhou Medical University-Qingyuan People’s

Hospital, Qingyuan, Guangdong, China

Corresponding author:

Xiaolei Xie, Prenatal Diagnosis Center, The Sixth

Affiliated Hospital of Guangzhou Medical University-

Qingyuan People’s Hospital, Qingyuan, Guangdong

511518, China.

Email: yutian_1029@163.com

Journal of International Medical Research

48(9) 1–9

! The Author(s) 2020

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/0300060520957820

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits

non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed

as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0001-5279-6045
mailto:yutian_1029@163.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060520957820
journals.sagepub.com/home/imr


chromosome 9 (inv9), including inv9
(p11q13) or inv9(p12q13), is the most
common pericentric inversion that is
found in 1% to 3.57% of the general pop-
ulation.2,3 The inv9 can be found in routine
cytogenetic analysis, and it follows a
Mendelian inheritance pattern of transmis-
sion with low mutation rates between
generations.

The inversion of chromosome 9 used to
be considered a normal variant with no
clinical phenotypic effect.2 However, some
studies using classical cytogenetics have
recently shown that inv9 could be associat-
ed with infertility,4,5 recurrent miscar-
riages,6 and idiopathic reproductive
failure.7 Various studies on inv9 have also
showed an association with azoospermia,
congenital anomalies, growth retardation,
and, rarely, with an abnormal phenotype.8,9

In this study we re-evaluated the clinical
features of patients with inv9 and reviewed
the literature.

Materials and methods

Clinical data

We retrospectively analyzed 2988 adults
and 1865 fetuses who were referred to the
cytogenetic department at the six affiliated
hospitals of Guangzhou Medical University
from April 2014 to May 2019. Venous
blood was drawn from adults for chromo-
some karyotype analysis. Chorionic villus
was cultured for fetal chromosome analysis
in early pregnancy (9–13 weeks), while
amniotic fluid was used in mid-pregnancy
(16–24 weeks), and umbilical cord blood
was used in late pregnancy (�24 week).
The prenatal case series for karyotype anal-
ysis showed clinical indications such as mul-
tiple fetal abnormalities, increased Down
syndrome risk, an abnormal single index
for serum screening, and advanced mater-
nal age (>35 years). All fetuses were
followed-up at birth. The fetus phenotypes

were also recorded at induction or at birth.
All patients signed the informed consent
form. Informed consent for the fetal partic-
ipants was obtained from their parents. All
procedures that were performed in studies
involving human participants were
approved on the basis of the ethical stand-
ards at the six affiliated hospital of
Guangzhou Medical University and by the
research committee (No. 20130430).

Patients who had lived with their wives
for at least 1 year but were unable to con-
ceive or produce an offspring were defined
as having male infertility. The man whose
wife had a bad obstetric history was defined
as a bad spousal obstetric history. A male
whose wife had a history of spontaneous
abortion was defined as a spousal history
of spontaneous abortion. In accordance
with the seminal fluid analysis criteria of
the WHO,10 men whose seminal fluid had
no sperm three times on testing were diag-
nosed as having azoospermia; those whose
sperm concentration was lower and the
ratio of sperm progressive motility was
less than 32% were diagnosed as having
oligoasthenozoospermia. The other group
for men includes spousal biochemical preg-
nancy, abnormal fetal development, and in
vitro fertilization (IVF) failure.

Primary infertility was defined as women
who had not become pregnant after at least
1 year of having regular intercourse without
using birth control methods.11 Secondary
infertility was defined as women who had
been able to get pregnant at least once,
but who were now unable to become preg-
nant.11,12 A bad obstetric history meant
that a woman had a previous poor pregnan-
cy outcome in childbearing. Spontaneous
abortion was defined as the natural death
of an embryo or fetus before 20 weeks ges-
tation.13,14 The other group for women
mainly referred to biochemical pregnancy,
abnormal menstruation, IVF failure, and
uterine hypoplasia. Adult patients with
normal physical examination for
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standardized karyotyping during this

period served as a control group, including

98 men and 74 women.

Chromosome karyotype analysis

Chromosome karyotype analysis was

detected using the G-banding technique.

Peripheral blood and the samples of prena-

tal diagnosis were collected, and lympho-

cytes were cultured in RPMI-1640 medium

with fetal bovine serum for 72 hours.

Prenatal testing samples involved

collecting chorionic villus, amniotic fluid,

or umbilical cord blood that were cultured

in RPMI-1640 medium for 10 to 14 days.

Cells were harvested after colcemid treat-

ment for 2.5 hours. More than 20

G-banded meta phase chromosomes were

detected for each patient. Chromosomal

disorders were described in accordance

with the International System for Human

Cytogenetic Nomenclature.15

Literature review

Relevant studies involving inv9 case series

were collected from PubMed using the fol-

lowing terms: “inv9, pericentric inversion of

chromosome 9 and variant on chromosome

9”. Cases with inversion of 9p11-12 and

9q13-21.1 regions on chromosome 9 were

enrolled, while other regional abnormalities

of chromosome 9 or inv9 with other chro-

mosomal abnormalities were excluded.

Twelve studies were collected, and the

reported phenotypes that were associated

with inv9 were variable during the different

human growth stages.

Statistical analysis

Data were analyzed using GraphPad Prism

5.0 software (GraphPad Software, San

Diego, CA, USA). Differences between

subgroups and the control group were ana-

lyzed using the Pearson Chi-square test or

the Fisher’s exact test. P< 0.05 was consid-
ered to be statistically significant.

Results

Sixty-seven inv9 cases were found among
2988 adult patients, with a total detection
rate of 2.24%. The inv9 detection rate of
male patients with clinical features was
2.26% (31/1373), while that of female
patients was 2.15% (31/1443) and the con-
trol group was 2.91% (5/172). There were
no significant differences in inv9 detection
rates between clinical characteristics of the
subgroups in men and women compared
with the control group (Table 1). Among
the 67 inv9 cases, only five patients did
not show any clinical features, and the
remaining 62 inv9 adults exhibited different
clinical features, including male and female
infertility, oligoasthenozoospermia, azoo-
spermia, bad obstetric history, and sponta-
neous abortion (Table 1).

Fetuses with clinical indications of pre-
natal diagnosis underwent cytogenetics
analysis. Among the 1865 prenatal cases,
there were 321 patients (17.21%) who had
chromosomal abnormalities. The common
trisomy 21, 18, 13, sex chromosome aneu-
ploides, and mosaicism were detected in 62
(3.32%), 22 (1.18%), eight (0.43%), 21
(1.13%), and 18 (0.97%) cases, respectively.
Chromosome translocations, duplications/
deletions, and variants were found in 13
(0.70%), 16 (0.86%), and 83 (4.45%)
cases, respectively.

There were 31 cases of inv9 among 1865
fetuses, two of which were found in the cho-
rionic villus (2/29, 6.90%), 29 were found in
amniotic fluid (29/1736, 1.67%), and there
were no inv9 cases found in umbilical cord
blood samples. Two cases of inv9 (2/2,
100.00%) from chorionic villus exhibited
an abnormal phenotype and adverse preg-
nancy outcomes, while only 17.24% (5/29)
of inv9 in amniotic fluid had fetal abnor-
malities, among which 60.00% (3/5) had
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adverse pregnancy outcomes. The rest of

the inv9 fetuses were normal at the follow-

up visit after birth. The detailed clinical

abnormal features of inv9 fetuses are

shown in Table 2.

Discussion

Although pericentromeric inversion of

chromosome 9 has been considered to be

a heterochromatic variant, its biological

and clinical significance remains controver-

sial. In this study, we demonstrated the fre-

quency rates of inv9 in different male and

female subgroups. We also showed fetal

inv9 prenatal clinical characteristics and

pregnancy outcomes.
Human chromosome 9 is highly suscep-

tible to structural chromosomal rearrange-

ment and inv9 results from two

chromosome breaks followed by reinsertion

of the 180-degree rotated broken fragment.

Various types of pericentric inversions 9

have been reported, but the breakpoints

are preferentially located in the 9p12 or

9q13-21.1 regions.16 The inv9(p11q13) and

inv9(p12q13) cannot be distinguished on

karyotyping, so “inv9” refers to these two

karyotypes in this study.
Many studies have reported that inv9

was closely associated with recurrent spon-

taneous miscarriage, infertility, congenital

anomalies, and idiopathic reproductive fail-

ure.5,6,8,9,17 In our study, 92.54% of adults

with inv9 exhibited clinical characteristics

such as male and female infertility, sponta-

neous abortion, and bad obstetric history.

In early pregnancy, 100% of fetuses with

inv9 exhibited abnormal phenotypes and

adverse pregnancy outcomes, while in the

second trimester, the rates of abnormal phe-

notypes and adverse outcomes in fetuses

with inv9 robustly decreased. In the third

trimester, no inv9 in fetuses was detected.

Whether this indicates that inv9 in fetuses

had more severe phenotypes and adverse

pregnancy outcomes in early pregnancy

requires further confirmation.
The clinical features of growth stages in

humans with inv9 were variable. The

Table 1. Frequencies of inversion of chromosome 9 (inv9) in different adult subgroups compared with
control.

Clinical manifestations No. inv9 (Rate) P value

Control group 5/172 (2.91%)

Men (groups) Total: 31/1373 (2.26%) N.S.

Male infertility 2/203 (0.99%) N.S.

Bad obstetric history of spouses 12/425 (2.82%) N.S.

Oligoasthenozoospermia 3/96 (3.13%) N.S.

Azoospermia 3/117 (2.56%) N.S.

Spouse history of spontaneous abortion 9/293 (3.07%) N.S.

Othersa 2/239 (0.84%) N.S.

Women (groups) Total: 31/1443 (2.15%) N.S.

Primary infertility 11/392 (2.81%) N.S.

Secondary infertility 0/40 (0) N.S.

Bad obstetric history 7/288 (2.43%) N.S.

Spontaneous abortion 5/349 (1.43%) N.S.

Othersb 8/374 (2.14%) N.S.

Othersa include spouse biochemical pregnancy, fetal development abnormal, and IVF failure.

Othersb include biochemical pregnancy, abnormal menstruation, IVF failure, and uterine hypoplasia.

IVF, in vitro fertilization; N.S., not significant.
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phenotypes that are associated with inv9

in prenatal,18,19 newborn,8,18,20 adoles-

cent,3,17,18,21 adult,5,6,22 and elderly23,24

stages are summarized in Table 3. There

were no commonly shared clinical features

within a certain period. Most of the clinical

phenotypes that were associated with inv9

during the fetal period were anatomical

malformations, which can be detected by

prenatal ultrasound before delivery.25,26

Some studies had reported that fetal mal-

formations on inv9 had been observed in

late pregnancy,8,18 which suggests that the

fetuses with inv9 require an ultrasound to

detect these malformation in late pregnancy.
The main characteristics of adolescents

with inv9 were developmental malforma-

tions or growth and mental retarda-

tion.3,18,27 The pathogenesis that was

associated with clinical manifestations and

inv9 remains unclear. The effect of chromo-

somal variants may act upon or block the

binding of certain transcription factors that

are responsible for the transcription of cer-

tain genes or alter the regulation of

genome-wide chromatin.28 Indirect influen-

ces on expressed genes such as epigenetic

down-regulation of gene expression or

genetic imprinting are also associated with

some human diseases and disorders.
Reproductive failure often occurs in inv9

adults.5,6,17 Chromosomal pericentric inver-

sion carriers usually have a normal appear-

ance, but in gametogenesis that results from

the pairing of homologous chromosomes, a

unique inversion cycle will be formed

during the first meiosis. The homologous

chromosome exchange in the inversion

circle will result in four gametes, one of

which is normal, one of which is inverted,

and the other two are partly duplicated or

deleted. The formation of unbalanced

gametes may cause miscarriage, infertility,

and reproduction failure. In our study, inv9

was not found in 40 cases of female second-

ary infertility, which suggested that

Table 2. The detailed clinical abnormal characteristics of the fetuses with inversion of chromosome 9
(inv9).

No.

Parental age

(years)

Parental clinical

features

Fetus

karyotypes

Gestational

week

Fetus prenatal

clinical features Pregnancy outcome

1 F: 26 M: 24 Pet contact

history in

early

pregnancy

46,XX,inv(9)

(p12q13)

13 Omphalocele 13wþ3 induced

labor

2 F: 24 M: 22 Normal 46,XX,inv(9)

(p12q13)

12 Brain deformity,

abdominal fissure,

right hooked hand

Induced labor

3 F: 26 M: 25 Normal 46,XY,inv(9)

(p12q13)

17 NT thickening

(3.6mm)

38wþ3 vaginal

delivery;

Fetus normal

4 F: 29 M: 23 Normal 46,XX,inv(9)

(p12q13)

22 Brain deformity 20w induced labor;

Abnormal brain

development

5 F: 36 M: 33 Normal 46,XY,inv(9)

(p12q13)

21 club foot 39wþ2 cesarean

delivery; club foot

6 F: 36 M: 31 Normal 46,XX,inv(9)

(p12q13)

16 Increased

cardiothoracic ratio

28w died in uterus

7 F: 28 M: 28 Normal 46,XY,inv(9)

(p12q13)

23 Lateral ventricle

widening

–

F, father; M, mother; w, week; –, no data; NT, nuchal translucency.
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abnormal gametes caused by inv9 may have
caused adult reproductive failure.

Inv9 in adults and elderly people was
closely related to carcinogenicity.23,24

Multiple mechanisms were used to explain
the relationship between inv9 and tumors.
The breakpoints of the inversion 9 disrup-
tion of the gene or translocation from one
genetic region to another may lead to neo-
plasia. The proximal short arm of chromo-
some 9 has been implicated in several
malignant disorders.29 An additional possi-
bility was that inv9 may activate a neocen-
tromere at 9q13 and result in cancer-related
epigenetic events.30

The following limitations exist in this
study: 1) This study only relied on limited
karyotype analysis to explain the correla-
tion between pericentric inversion of chro-
mosome 9 and abnormal phenotype. With
the application of microarray chip and next
generation sequencing (NGS),31 patients
with an abnormal phenotype and inv9
should be further investigated using better
detection resolution; and 2) The features of
inv9 in fetuses that were de novo or inher-
ited remain unknown. Excluding the path-
ogenic copy number variants and gene
mutation, the fetus with de novo inv9 may
be more able to explain the correlation
between inv9 and phenotypes.

This study shows the frequencies of inv9
in different types of male and female sub-
group and reveals the inv9 of fetuses abnor-
mal phenotypes and adverse pregnancy
outcomes in early pregnancy. The mecha-
nisms of clinical features that are associated
with inv9 need to be further clarified.
However, genetic counseling on inv9 in
early pregnancy and for adults requires
additional attention.

Authors’ contributions

Xiaolei Xie designed the study. Xiaolei Xie,
Fuguang Li, and Weihe Tan collected the data

and performed the data analysis. Weihe Tan per-
formed the clinical diagnosis. Fuguang Li and

Jiang Tang performed chromosome karyotype

analysis. All authors read and approved the

final manuscript.

Declaration of conflicting interest

The authors declare that there is no conflict of

interest.

Funding

The research was supported by the Qingyuan

Science and Technology Project (No. 2018B036),

Qingyuan People’s Hospital Innovation Fund

(No. 20180031), and Guangdong Medical

Science and Technology Research Fund Project

(No. 2020553).

ORCID iD

Xiaolei Xie https://orcid.org/0000-0001-5279-

6045

References

1. Hsu LY, Benn PA, Tannenbaum HL, et al.

Chromosomal polymorphisms of 1, 9, 16,

and Y in 4 major ethnic groups: a large pre-

natal study. Am J Med Genet 1987; 26:

95–101.
2. Kosyakova N, Grigorian A, Liehr T, et al.

Heteromorphic variants of chromosome 9.

Mol Cytogenet 2013; 6: 14.
3. Malinverni AC, Colovati ME, Perez AB,

et al. Unusual duplication in the pericentro-

meric region of chromosome 9 in a patient

with phenotypic alterations. Cytogenet

Genome Res 2016; 150: 100–105.
4. Xie X, Guo X, Li F, et al. Genetic and sex

hormone analysis of infertile men. J Int Med

Res 2019: 300060519875893.
5. Minocherhomji S, Athalye AS, Madon PF,

et al. A case-control study identifying chro-

mosomal polymorphic variations as forms

of epigenetic alterations associated with the

infertility phenotype. Fertil Steril 2009; 92:

88–95.
6. Elkarhat Z, Kindil Z, Zarouf L, et al.

Chromosomal abnormalities in couples

with recurrent spontaneous miscarriage: a

21-year retrospective study, a report of a

Xie et al. 7

https://orcid.org/0000-0001-5279-6045
https://orcid.org/0000-0001-5279-6045
https://orcid.org/0000-0001-5279-6045


novel insertion, and a literature review.

J Assist Reprod Genet 2019; 36: 499–507.
7. Collodel G, Moretti E, Capitani S, et al.

TEM, FISH and molecular studies in infer-

tile men with pericentric inversion of chro-

mosome 9. Andrologia 2006; 38: 122–127.
8. Jeong SY, Kim BY and Yu JE. De novo

pericentric inversion of chromosome 9 in

congenital anomaly. Yonsei Med J 2010;

51: 775–780.
9. Yamada K. Population studies of INV(9)

chromosomes in 4,300 Japanese: incidence,

sex difference and clinical significance. Jpn J

Hum Genet 1992; 37: 293–301.
10. Cooper TG, Noonan E, Von Eckardstein S,

et al. World Health Organization reference

values for human semen characteristics.

Hum Reprod Update 2010; 16: 231–245.
11. Yatsenko SA and Rajkovic A. Genetics of

human female infertility. Biol Reprod 2019;

101: 549–566.
12. Hanson B, Johnstone E, Dorais J, et al.

Female infertility, infertility-associated diag-

noses, and comorbidities: a review. J Assist

Reprod Genet 2017; 34: 167–177.
13. Bailey SL, Boivin J, Cheong YC, et al. Hope

for the best . . .but expect the worst: a qual-

itative study to explore how women with

recurrent miscarriage experience the early

waiting period of a new pregnancy. BMJ

Open 2019; 9: e29354.
14. Stirrat GM. Recurrent miscarriage. Lancet

1990; 336: 673–675.
15. McGowan-Jordan J, Simons A and Schmid

M. ISCN 2016: an international system for

human cytogenomic nomenclature (2016).

Basel: Karger, 2016, p.77.
16. Starke H, Seidel J, Henn W, et al.

Homologous sequences at human chromo-

some 9 bands p12 and q13-21.1 are involved

in different patterns of pericentric rearrange-

ments. Eur J Hum Genet 2002; 10: 790–800.
17. Sipek AJ, Panczak A, Mihalova R, et al.

Pericentric inversion of human chromosome

9 epidemiology study in Czech males and

females. Folia Biol (Praha) 2015; 61:

140–146.
18. Demirhan O, Pazarbasi A, Suleymanova-

Karahan D, et al. Correlation of clinical

phenotype with a pericentric inversion of

chromosome 9 and genetic counseling.

Saudi Med J 2008; 29: 946–951.
19. Salihu HM, Boos R, Tchuinguem G, et al.

Prenatal diagnosis of translocation and a

single pericentric inversion 9: the value of

fetal ultrasound. J Obstet Gynaecol 2001;

21: 474–477.
20. Sotoudeh A, Rostami P,

Nakhaeimoghadam M, et al. Pericentric

inversion of chromosome 9 in an infant

with ambiguous genitalia. Acta Med Iran

2017; 55: 655–657.
21. Caksen H, Okut H and Ikbal M. Karyotype

analysis in children with idiopathic intellec-

tual disability. Sudan J Paediatr 2019; 19:

57–59.
22. Demirhan O and Tastemir D. Chromosome

aberrations in a schizophrenia population.

Schizophr Res 2003; 65: 1–7.
23. Keung YK, Knovich MA, Powell BL, et al.

Constitutional pericentric inversion of chro-

mosome 9 and acute leukemia. Cancer Genet

Cytogenet 2003; 145: 82–85.
24. Wang W, Ali S, Tang Z, et al. Constitutional

pericentric inversion of chromosome 9 has

no impact on survival in chronic myeloge-

nous leukemia. Ann Hematol 2016; 95:

657–659.
25. Pajkrt E and Chitty LS. A sonographic

approach to the prenatal diagnosis of skele-

tal dysplasias. Prenat Diagn 2019; 39:

701–719.
26. Lloyd D, Pushparajah K, Simpson JM, et al.

Three-dimensional visualisation of the fetal

heart using prenatal MRI with motion-

corrected slice-volume registration: a pro-

spective, single-centre cohort study. Lancet

2019; 393: 1619–1627.
27. Kim JW, Lee JY, Hwang JW, et al.

Behavioral and developmental characteris-

tics of children with inversion of chromo-

some 9 in Korea: a preliminary study.

Child Psychiatry Hum Dev 2005; 35:

347–357.
28. Horvath JE, Bailey JA, Locke DP, et al.

Lessons from the human genome: transi-

tions between euchromatin and heterochro-

matin. Hum Mol Genet 2001; 10: 2215–2223.

8 Journal of International Medical Research



29. Pellet P, Hillion J, Carroll AJ, et al.
Heterogeneity of the breakpoint localization
in malignant cells with a 9p11 chromosomal
abnormality. Leukemia 1991; 5: 468–472.

30. Rivera H, Gutierrez-Angulo M and
Gonzalez-Garcia JR. Chromosome 9qh

inversions may not be true inversions. Hum

Genet 1999; 105: 181–184.
31. Xie X, Li F, Tan W, et al. The effect of

freezing on non-invasive prenatal testing.
Sci Rep 2019; 9: 6962.

Xie et al. 9


	table-fn1-0300060520957820
	table-fn2-0300060520957820
	table-fn3-0300060520957820
	table-fn4-0300060520957820
	table-fn5-0300060520957820

