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ABSTRACT

Introduction: Since 1956 karyotype analysis becomes an essential part of
routine medical diagnostics, and helped medical professionals investigate
the origin of genetic abnormalities in many constitutional and cancer
diseases. Karyotyping also provided more information in the monitoring
of fertility problems. An inversion does not usually have a phenotypic
effect, especially if it involves a heterochromatin area, such as 9qh.
Chromosome 9 polymorphism, with breakpoints p11q13/p12q13, can be
the cause of variant abnormal clinical conditions such as congenital
abnormalities, hematological diseasesand also could have a connection
with pregnancy loss and fertility failure.

Methods: A retrospective study was conducted on 1784 cytogenetics
examination results from peripheral blood samples in the period from
January, 2012 to December, 2022. The patients, carriers inv(9) in their
karyotype were highlighted for detailed analysis.

Results: Among the 1784 patients, constitutional pericentric inversion
inv(9)(p11q13) was found in 13 females (0,72%), while it was seen in 17
cases of males (0.95%). The total average amount of inv (9) in this study is
1.68%. The inv(9) population consists of 60% cases with infertility
problems, 6,66% females who had spontaneous abortus and 33,33% were
patientsreferred to our laboratory for other reasons.

Conclusion: In this research, the prevalence of inv (9) in the population of
patients of Northeast Bosnia and Herzegovina who had the reproductive
failure is shown. We believe that these results will help in finding the key
to the truth about the association of this chromosome polymorphism with
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I. INTRODUCTION

For a long time, it has been known in 1956 Joe HinTjio
and Albert Levan reported the correct human chromosome
number [1]. Since then, karyotype analysis becomes an
essential part of routine medical diagnostics. With the
development of banding techniques, cytogenetics as a new
biological discipline has helped medical professionals
investigate the origin of genetic abnormalities in many
constitutional and cancer diseases. Karyotyping also
provided more information in the monitoring of fertility
problems. It is considered, a couple is infertile if they try but
fail to get pregnant after 12 months of unprotected sexual
intercourse. Infertility does not include miscarrying or being
unable to carry a baby to childbirth. Regarding the literature,
it affects approximately 15% of couples in reproductive age
[2], [3]- Any form of reduced fertility with prolonged time
of unwanted non-conception can described as subfertility. It
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polymorphism,

can be primary, in case of a woman who was never pregnant
and who fail to get pregnant after one year of not using
contraceptives. The secondary type of the subfertility occurs
a woman can’t get pregnant again after having at least one
successful pregnancy [4], [5].

Thereasons for infertilityvary from person to person. The
most commoncauses in men with fertility problems may
have a low sperm count, low testosterone, testicular cancer
or undescended testicles. In women, it can be tubal damage,
endometriosis, abnormal menstruation, uterineproblems and
many other causes that arise with age [6].

One thing is certain, a common cause of fertility problems
for both men and women can be changes detected in the
karyotype, found in 2-7% of couples [7].It is still
controversial, but  uniformly  accepted, balanced
translocations are one of a cause of recurrent abortion,
defective offspring, and lowered fertility capacity. Using
new techniques such as fluorescent in situ hybridization
(FISH) and comparative genomic hybridization (CGH),
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instead of old fashion banding techniques (Q and C
staining), subtle chromosome variants have been detected.
Carriers of these balanced chromosome variants seem to
have an increased risk of progeny with abnormal karyotype

and reproductive failure in the future. Chromosome
translocations and inversions are common structural
alterations.

Unlike translocations, an inversion does not usually have
a phenotypic effect, especially if it involves a
heterochromatin area, such as 1gh, 9qh, 16gh and Yqh.
According to the last version of International System for
Cytogenetic Nomenclature (ISCN) this condition is called
polymorphism without clinical significance [8]. But there
remains an ongoing debate in the literature [9]. When
examining metaphase cells, the most common inversion
cytogeneticists see in human karyotype is the pericentric
inversion of chromosome 9, with an incidence of about 1%
to 3%, depending on the human population [10]. The region
of chromosome 9 affected by the inversion,
inv(9)(p11q12)/inv(9)(p11ql13), contains centromere and
centromeric heterochromatin.

A review of the literature showed that this chromosome 9
polymorphism, with breakpoints specified, can be the cause
of variant abnormal clinical conditions such as congenital
abnormalities, cancer and also could have a connection with
pregnancy loss and fertility failure [11].The purpose of this
paper is to calculate the frequency of pericentric
chromosome 9 inversion in a patients study group and its
correlation with possible reproductive failure.

II. PATIENTS AND METHODS

A. Patients

A retrospective study was conducted on 1784
cytogenetics examination results from peripheral blood
samples of the patients who were admitted to the
Department of Pathology, Polyclinic for laboratory
diagnostics, University Clinical Center Tuzla (UCC Tuzla),
in the period from January, 2012 to December, 2022. The
patients with reproductive failure, carriers inv(9) in their
karyotype, were highlighted for detailed analysis.

B. Karyotyping

A total volume of 0,5 mL heparinized peripheral blood
sample with 5 mL commercially available complete
medium, Chromosome medium P (Euroclone, Italy), was
cultured at 37 °C for 72 hours. After exposing the culture to
the Colcemid, the harvesting procedure started according to
the standard laboratory protocol. After fixation treatment,
two to three slides were prepared, and chromosomes were
GTG banded, using 0,05% solution of the proteolytic
enzyme Trypsin and 4% Giemsa solution. At least 10
metaphases per case were completely analyzed, while 10
metaphases were captured using a DP12 camera (Olympus,
Japan). A karyogram was done using the image analyzer
program. An additional C staining technique was used to
confirm the inversion 9 heterochromatin.

We used the 2016 version of the International System for
Human Cytogenetic Nomenclature (ISCN 2016) to interpret

karyotypes [8].
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III. RESULTS

Among the 1784 patients involved in this study,
constitutional pericentric inversion inv(9)(pl1ql3) was
found in 13 females (0,72%), while it was seen in 17 cases
of males (0.95%) (Fig. 1). We find no cases that had the
breakpoint of p12q13. The total average amount of inv(9), in
both males and females, in this study is 1.68% (n=30). The
age of female patients ranged from 2-50 years, with a mean
of 35 years, while the age of male patients ranged from 1-58
years, with a median age of 34 years. Out of 1784 patients,
614 (34,41%) had spontaneous abortions in women and
reproductive failure in both genders.

We found that 60% (18/30) of pericentric inv(9) carriers
were persons who had fertility problems for at least two
years. The rest of them, 6.66 % (2/30) were female patients
who had spontaneous abortus. Furthermore, 33.33% (10/30)
were patients referred to our laboratory for other reasons
(Central nervous system disease, hematological reasons,
gynecomastia...) (Table I).

u Female

Frequency

uMale

Pericentric inversion 9 carriers
Fig.1. Incidence of pericentric inversion 9 in different sexes.

TABLE I: THE PATIENTS WITH INVERSION 9 REFERRED TO OUR LAB
FOR OTHER REASONS

Patients (%) Diagnose

3(10) Hematological disease
1(3,3) Congenital malformation
2(6,7) Psyhomotor retardation
13,3) Child with neurorisks
13,3) Central nervous system disease
2(6,7) Gynecomastia

IV. DISCUSSION

Today, even though we use modern cytogenetic
techniques, many cytogeneticists still believe that the
inversion of chromosome 9 (p11q13/p12q13) is a variant of
constitutive heterochromatin, and natural polymorphism in
the population [12]. But, many of them still have
controversial opinions, believing that this chromosomal
change is associated with certain clinical conditions[13]-
[15]. However, one thing is certain, pericentric inversion 9
is the most common pericentric inversion cytogeneticists
found in 1% to 3.57% of the general population [16]-[18].
According to the literature data, it was found that inv(9)
prevalence is the highest among the African American
population (3.57%), then they follow by 2.42% Hispanic
population, and 0.26% of the Asian population [19]. In
Europe, inv(9) is detected in 2,32% Romanian population
[17], while in Tiirkiye the percentage is 1,71% [20].The

Vol 5 | Issue 2 | March 2023



European Journal ofMedical and Health Sciences
www.ejmed.org

prevalence of pericentric inversion of chromosome 9, in the
present study (1.68%), correlates with data observed from
the Turkish population. Many studies have reported no
difference in frequency among the male and female carriers
of inv (9), but some of them noted that the difference is
statistically significant (P<0.05) [21]-[23]. Reference [24],
in their research on 500 couples from India with
reproductive failure, discovered 18 couples where females
had a normal karyotype and only one male patient had
inversion 9. They also noticed 7 couples where males had
normal chromosomes 9, while their wives carried inversion
9 [24].

Comparing the gender and age-specific incidence of
chromosome 9 inversion in our study, we found no
significant correlation. Since this structural change is also
encountered in prenatal cytogenetics, some authors observed
that most of the clinical phenotypes associated with inv 9,
during the fetal period, were anatomical malformations [25],
[26].

Data published from 1996 to 2011 showed that
chromosome 9 polymorphism in adult carriers affected
outcomes by decreasing fertilization rate and idiopathic
reproductive failure[3], [27].In a study by Romanian
authors, conducted on 1800 infertile patients, inv (9) was
found in 2.27% of cases, while in the healthy control group,
it was found to be 3.76% [17].In another research group
from Tiirkiye, pericentric inversion 9 was associated with
subfertility and sterility, detected in 1,42% of cases, 18
males and 23 females[28]. The association between inv(9)
and infertility was detected also in Chinese infertile couples
[29].

Reference [30] reported a case of a middle-aged couple
with a fertility problems. The woman had a previous
marriage in which she had children. In the new marriage,
she tries to have a child with a new father, but it fails.
Results from the infertility workup of both parents revealed
the presence of the inv(9)(p12q13) in the father's karyotype,
as a sole cytogenetic abnormality. It seems that these
findings may support unexplained infertility in this couple
and all the cases mentioned above. We detected 4,88 %
(30/614) inversion 9 in cases with fertility failure which is
higher, but not statistically significant, compared to the
results conducted by Romanian authors [17]. On the other
side, according to the data, conducted by researchers from
another part of Europe, the incidence ofinv(9) in persons
with fertility problems is much higher [20]. Anyway, the
results we obtained can be very helpful for medical
professionals in the field of marital infertility and for
patients who intend to have In Vitro Fertilisation (IVF) or
Intracytoplasmic Sperm Injection (ICSI) treatment.

V. CONCLUSION

Since the pathogenesis and clinical manifestations
associated with the pericentric inversion of chromosome 9
are still unclear, it is necessary to investigate all structural
changes on this chromosome. For this reason, we
recommend genetic counselling for all patients with
unexplained infertility followed by karyotype with
pericentric inversion of chromosome 9.
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We believe that these results will help in finding the key
to the truth about the association of this chromosome
polymorphism with some pathological conditions such as
fertility problems.

CONFLICT OF INTEREST

Authors declare that they don’t have any conflict of
interest.

REFERENCES

[1] Tjio JH, Levan A. The chromosome number of man. Hereditas. 1956;
1-6.

[2] Kleiman SE, Yogev L, Gamzu R, Hauser R, Botchan A, Lessing JB,
et al. Genetic evaluation of infertile men. Hum Reprod. 1999; 14(1):
33-8.

[3] Mustagahamed S, Balachandar V, Mohanadevi S, Arun M,
Pappuswamy M, Sasikala K, et al. Identification of cytogenetic
alterations in infertile couples experiencing repeated spontaneous
abortions - using GiemsaTrypsin Giemsa banding (GTG) Scientific
Research and Essays. 2011; 6: 182-186.

[4] American Academy of Family Physicians. Infertility.[Internet] 2021
Available from: https://familydoctor.org/condition/infertility/

[5] Centers for Disease Control and Prevention. Assisted Reproductive
Technology (ART).[Internet] 2019 Available from:
https://www.cdc.gov/art/whatis.html

[6] Leslie SW, Soon-Sutton TL, Khan MAB. Male Infertility. In:
StatPearls [Internet]. 2022 [updated 2022 Nov 28] Available from:
https://www.ncbi.nlm.nih.gov/books/NBK 562258/

[71 Kaiser P. Pericentric inversions. Problems and significance for
clinical genetics. Hum Genet. 1984; 68(1): 1-47.

[8] Mc Gowan Jordan J, Simons A, Schmid J. (eds). An international
system for human cytogenetic nomenclature. Karger publishers. 2016

[91 Mozdarani H, Meybodi AM, Karimi H. Impact of pericentric
inversion of Chromosome 9 [inv (9) (p11q12)] on infertility. Indian J.
Hum. Genet. 2007; 13: 26-29.

[10] Abdi A, Bagherizadeh I, Shajare L, Bahman I, Hadi Pour Z, Hadi
Pour F, et al. Prevalence of chromosome inversions (pericentric and
paracentric) in patients with recurrent abortions. SJMR. 2018; 3(1):
45-50.

[11] Uehara S, Akai Y, Takeyama Y, Takabayashi T, Okamura K, Yajima
A. Pericentric inversion of chromosome 9 in prenatal diagnosis and
infertility. Tohoku J Exp Med. 1992; 166(4): 417-27.

[12] Kosyakova N, Grigorian A, Liehr T, Manvelyan M, Simonyan I,
Mkrtchyan H, et al. Heteromorphic variants of chromosome 9. Mol
Cytogenet. 2013; 6(1): 14.

[13] Xie X, Guo X, Li F, Tan W, Yin W, Chen R. Genetic and sex
hormone analysis of infertile men. J Int Med Res. 2020; 48(2):
300060519875893.

[14] Minocherhomji S, Athalye AS, Madon PF, Kulkarni D,
Uttamchandani SA, Parikh FR. A case-control study identifying
chromosomal polymorphic variations as forms of epigenetic
alterations associated with the infertility phenotype. FertilSteril. 2009;
92(1): 88-95.

[15] Elkarhat Z, Kindil Z, Zarouf L, Razoki L, Aboulfaraj J, Elbakay C, et
al. Chromosomal abnormalities in couples with recurrent spontaneous
miscarriage: a 2l-year retrospective study, a report of a novel
insertion, and a literature review. J Assist Reprod Genet. 2019; 36(3):
499-507.

[16] Malinverni AC, Colovati ME, Perez AB, Caneloi TP, Oliveira HR Jr,
Kosyakova N, et al. Unusual Duplication in the Pericentromeric
Region of Chromosome 9 in a Patient with Phenotypic Alterations.
Cytogenet Genome Res. 2016; 150(2): 100-105.

[17] Dana M, Stoian V. Association of pericentric inversion of
chromosome 9 and infertility in Romanian population. Medica. 2012;
7:25-29.

[18] Sipek A, Panczak A, Mihalova R, Hr'ckova L, Suttrova E, Sobotka V,
et al. Pericentric inversion of human chromosome 9 epidemiology
study in Czech males and females. Folia Biol. 2015; 61: 140-146.

[19] Jeong SY, Kim BY, Yu JE. De novo pericentric inversion of
chromosome 9 in congenital anomaly. Yonsei Med J. 2010; 51: 775-
780.

[20] Yuksel S, Savaci S, Ekici C, Kurtoglu EL, Korkmaz S, Yesilada E.
Prevalence of Pericentric Inversion of Chromosome 9 in Eastern

Vol 5 | Issue 2 | March 2023



European Journal ofMedical and Health Sciences
www.ejmed.org

(21]

(22]

(23]

(24]

(23]

[26]

(27]

(28]

[29]

[30]

Anatolia Region and Relationship to Reproductive Efficiency. EJMO.
2018; 2(1): 40-42.

Stanojevic M, Stipoljev F, Koprcina B, Kurjak A. Oculoauriculo-
vertebral (Goldenhar) spectrum associated with pericentric inversion
9: Coincidental findings or ethiologic factor? J Craniofac Genet Dev
Biol. 2000; 20: 150-154.

Sasiadek M, Haus O, Lukasik-Majchrowska M, Slezak Paprocka-
Borowicz M, Busza H, Plewa R, et al. Cytogenetic analysis in couples
with spontaneous abortions. Ginekol Pol. 1997; 68: 248-252.

Daniel A, Hook EB, Wulf G. Risks of unbalanced progeny at
amniocentesis to carriers of chromosome rearrangements: Data from
United States and Canadian laboratories. Am J Med Genet. 1989; 33:
14-23.

Kumar M, Thatai A, Chapadgaonkar S. Homozigosty and
heterozygosity of the pericentric inversion of chromosome 9 and its
clinical impact. Journal of Clinical and Diagnostic Research. 2012; 6:
816-820.

Demirhan O, Pazarbasi A, Suleymanova-Karahan D, Tanriverdi N,
Kilinc Y. Correlation of clinical phenotype with a pericentric
inversion of chromosome 9 and genetic counseling. Saudi Med J.
2008; 29(7): 946-951.

Salihu HM, Boos R, Tchuinguem G, Schmidt W. Prenatal diagnosis
of translocation and a single pericentric inversion 9: the value of fetal
ultrasound. J ObstetGynaecol. 2001; 21(5): 474-477.

Samonte RV, Conte RA, Ramesh KH, Verma RS. Molecular
cytogenetic characterization of breakpoints involving pericentric
inversions of human chromosome 9. Human Genetics. 1996; 98(5):
576-580.

Yuce H, Ozbey U, Etem E, Erol D, Deveci $D, GulecCeylan G, et al.
Evaluation of 41 Cases in Term of Inversion 9: Case Reports.
TurkiyeKlinikleri J Med Sci. 2008; 28: 765-768.

Li SJ, Cheng YX, Shang Y, Zhou DN, Zhang Y, Yin TL, Yang J.
Chromosomal polymorphisms associated with reproductive outcomes
after IVF-ET. J. Assist. Reprod.Genet.2020; 37: 1703-1710.

Ting NS, Chen YH, Chen SF, Chen PC. Successful Live Twin Birth
through IVF/ICSI from a Couple with an Infertile Father with
Pericentric Inversion of Chromosome 9 (p12q13): A Case with a High
Aneuploidy Rate. Medicina (Kaunas). 2022; 14;58(11): 1646.

DOLI: http://dx.doi.org/10.24018/ejmed.2023.5.2.1662

RESEARCH ARTICLE

Vol 5 | Issue 2 | March 2023



