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Abstract. Premature ovarian failure (POF) is a clinical syndrome that is characterized 
by loss of ovarian function in women of childbearing age and generally occurs before 
the age of 40. Genetic causes account for about 20 to 25% of cases of POF. However, 
in many cases, the origin of the condition remains idiopathic. The objective of this 
study was to perform cytogenetic research in a group of patients affected by POF in 
order to identify the type and frequency of chromosomal alterations. Fifteen patients 
were referred to the Human Cytogenetics Laboratory of the Amazonas State Univer-
sity (UEA) by gynecology specialists from two public health institutions in Manaus, 
Amazonas, Brazil, for chromosomal analysis. The analysis was performed via periph-
eral blood lymphocyte culture using the GTG banding method. The karyotypes were 
assembled with the help of the GeneAll-HD® software and the results were interpreted 
according to the ISCN 2016 standards. Of the fifteen patients analyzed, nine (60%) 
had no chromosomal abnormalities, while six (40%) exhibited chromosomal abnor-
malities. Of the alterations identified, three patients (20%) presented numerical alter-
ations of the X chromosome with mosaicism, two patients (13%) showed autosomal 
numerical alterations involving chromosomes 15 and 21, both with mosaicism, and 
one patient (7%) exhibited a structural alteration in the form of terminal deletion of 
the long arm of the X chromosome. The results obtained in this study have the poten-
tial to improve the accuracy of the diagnosis, assist in medical decisions, provide ade-
quate prognoses and facilitate reproductive management through genetic counseling.

Keywords:	 Premature Ovarian Failure, G-band karyotype, chromosomal alterations, 
X chromosome, medical diagnosis.

INTRODUCTION 

Premature ovarian failure (POF) is a clinical syndrome that is defined by 
the loss of ovarian function in women of childbearing age, generally before 
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the age of 40. The main symptoms of POF are menstrual 
disorders such as amenorrhea or oligomenorrhea, as well 
as having high levels of gonadotropins and low levels of 
estradiol. These symptoms result in hypoestrogenic and 
hypergonadotropic clinical pictures (Goswami and Con-
way 2005; Eshre 2016; Chon 2021). The first reports of 
this syndrome were made in 1942 by Fuller Albright, 
who named the condition “primary ovarian failure” 
(Albright 1942).

The overall incidence of POF is estimated to be 
approximately 1% in women aged under 40 and 0.1% in 
women under 30 (Rahman and Panay 2021). In the mid 
and long term, this condition can cause an increase in 
cardiovascular diseases, a decrease in bone mineral den-
sity with a risk of osteoporosis, and a progressive decline 
in fertility with neurological effects, resulting in a gener-
al reduction in the woman’s life expectancy (Podfigurna-
Stopa et al. 2016; Wesevich 2020). 

The etiology of POF is highly heterogeneous and 
causes can be genetic, autoimmune, metabolic, infec-
tious and iatrogenic (Jiao et al. 2012; Qin 2015). Genetic 
causes account for approximately 20 to 25% of patients 
with POF (Ayed et al. 2014; Qin 2015; Luo et al. 2023). 
The most common genetic cause of POF is alterations 
involving the X chromosome. These changes can be of 
the numerical type, such as monosomy X, trisomy X, 
mosaicism X, or structural changes, such as deletions X, 
X-autosome translocations and isochromosomes (Hol-
land 2001; Baronchelli et al. 2011). 

In the diagnosis of POF, a complete gynecologi-
cal evaluation is carried out with physical, biochemical 
and imaging examinations, which mainly include the 
measurement of high gonadotropin levels and low estra-
diol levels in patients under the age of 40 years who have 
symptoms of oligomenorrhea or amenorrhea lasting at 
least 4 months. The specialist can ascertain this condi-
tion when examining women with menstrual disorders. 
In cases of secondary amenorrhea, it is necessary to 
exclude pregnancy by examining serum levels of beta-
hCG. After confirming the diagnosis of POF through 
physical and biochemical examinations, due to its heter-
ogeneity, it becomes necessary to request complementary 
examinations, such as cytogenetic analyses including 
karyotyping, in order to determine the etiology (Eshre 
2016; Jankowska 2017).

Cytogenetic and molecular investigations of these 
alterations have allowed us to identify two critical 
regions in the long arm of the X chromosome, in Xq13-
q21 and Xq26-27 (Powell et al. 1994; Sala et al. 1997). 
Although chromosomal alterations primarily involve 
the X chromosome, an increasing number of alterations 
involving autosomal chromosomes have been reported 

in the literature (Goswami and Conway 2005). Chro-
mosomal abnormalities have long been recognized as a 
frequent cause of POF, with widely varying percentages 
reported in the literature in both primary and secondary 
amenorrhea, thus suggesting the need for cytogenetic 
analyses (Lakhal et al. 2010; Ceylaner et al. 2010; Kalan-
tari et al. 2013; Ayed et al 2014). Nonetheless, in most 
cases, the etiopathogenesis of this condition still remains 
idiopathic (Rudnicka et al. 2018).

Given the strong impact of the disease on the qual-
ity of life of these women, it is important to highlight the 
value of cytogenetic investigations, including karyotyp-
ing, which can be requested for women affected by POF, 
in order to detect the presence of chromosomal altera-
tions that may be associated with this condition (Di-Bat-
tista 2020). In Brazil, most studies involving the cytoge-
netic diagnosis in women affected with POF are concen-
trated in the southern and southeastern regions of the 
country and cytogenetic investigations related to POF in 
the state of Amazonas have not yet been carried out. 

Therefore, the purpose of this study was to conduct 
cytogenetic analyses in patients affected by this condi-
tion. The results obtained have the potential to offer 
crucial information to the medical and scientific com-
munity of the northern region of Brazil. These findings 
not only fill a gap in current knowledge, but also have 
the potential to drive the development of more effective 
prevention and treatment strategies for POF.

MATERIALS AND METHODS

Patients 

A prospective study was conducted in patients with 
suspected premature ovarian failure who were seen at two 
public health institutions in Manaus, Amazonas, Brazil: 
the department of Climacteric, Gynecology and Mastol-
ogy in the Araújo Lima outpatient clinic at the Getúlio 
Vargas University Hospital (HUGV), and the department 
of Gynecology and Obstetrics at the Codajás Polyclinic.

The inclusion criteria for the study were as follows: 
patients treated by the Unified Health System (SUS) in 
Manaus, Amazonas, and affected by POF according to 
the guidelines of the European Society of Human Repro-
duction and Embryology ESHRE (Eshre 2016). Criteria 
for diagnosis of POF included: (I) primary or secondary 
oligo/amenorrhea for at least four consecutive months 
before the age of 40. (II) high levels of FSH >25 IU/mL 
and low levels of estradiol <20 pg/mL in the blood, (III) 
in two dosages more than 4 weeks apart. Patients with 
conditions known to induce POF, such as chemotherapy 
or radiotherapy and ovarian surgery, were excluded.



61Cytogenetic diagnosis of patients with suspected premature ovarian failure in Manaus, Brazil

The study was approved by the Ethics Commit-
tee of the Universidade do Estado do Amazonas (UEA), 
under CAAE number 95704617.0.0000.5016. The par-
ticipation of the patients was voluntary and an informed 
consent form was signed by all the participants. A total 
of 15 patients were referred to the Human Cytogenetics 
Laboratory of the Universidade do Estado do Amazonas, 
where 5 mL of peripheral blood was collected by veni-
puncture with a disposable sterile syringe for subsequent 
culture of lymphocytes. 

Cytogenetic analysis 

The karyotype analysis was performed using periph-
eral blood lymphocyte cultures following the methodol-
ogy described by Moorhead et al. (1960), with modifi-
cations. The GTG-banding technique was performed 
according to Seabright (1973), with modifications. The 
resolution obtained was 400-500 bands per genome. The 
karyotype was determined using an optical microscope 
(Coleman® Trinocular N126T-Infinito Plano Led), with 
30 metaphases per patient being analyzed and, in cases 
of suspected mosaicism, this number was increased to 50 
metaphases. The metaphases were photographed using 
ScopeImage software (version 9.0) and karyotyped using 
GeneAll-HD software. The results obtained from the 
GTG-banding were interpreted according to the norms 
present in the International System for Human Cytoge-
netic Nomenclature ISCN (McGowan-Jordan 2016).

Statistical analysis 

Statistical analyses were performed based on data 
obtained from patient records, which were compiled and 
analyzed using Microsoft Excel® software. The relative 
frequency of the following parameters were obtained: 
distribution of the results of the normal and altered kar-
yotypes involved (autosomal or sexual); and were rela-
tive to the frequency of chromosomal analyses in POF 
patients.

RESULTS 

Between April 2022 and February 2023, chromo-
somal analyses were conducted at the Laboratory of 
Human Cytogenetics (UEA) in 15 patients suspected of 
premature ovarian failure (POF). The results revealed 
that nine of these patients (60%) presented a normal 
karyotype 46,XX, without any numerical or structur-
al chromosomal alterations, representing the majority 
of the cases analyzed. However, in six patients (40%), 
numerical or structural chromosomal alterations involv-
ing autosomal chromosomes and the X chromosome 
were identified (Table 1).

The prevalence of chromosomal alterations found 
in patients with POF was as follows: 20% of the patients 
presented numerical alterations of the monosomy type 
of the X chromosome with mosaicism, while 13% dem-
onstrated numerical alterations in autosomal chromo-
somes, including pairs 15 and 21, both with mosaicism 
(Figure 1). In addition, 7% of patients exhibited a struc-
tural alteration characterized by a terminal deletion in 
the long arm of the X chromosome (Figure 2). 

DISCUSSION 

According to Chen et al. (2023), the cytogenetic analy-
sis of blood lymphocytes, using the karyotype, is an impor-
tant tool in the detection of chromosomal alterations, both 
numerical and structural, and plays a crucial role in under-
standing the underlying genetic causes of POF. 

This work is the first cytogenetic study using periph-
eral blood of a population of women affected by POF in 
the northern region of Brazil, since most studies involv-
ing cytogenetic diagnosis in women with POF are per-
formed in the southern and southeastern regions of the 
country. In our study, six patients with POF were iden-
tified as having numerical or structural chromosomal 
alterations involving both autosomal chromosomes and 
the X chromosome, with these alterations representing 
40% of the total number of cases. 

Table 1. Chromosomal abnormalities found in patients with POF.

Nº Age Alterations Chromosome Karyotype

001 19 Numerical-Monosomy-Mosaic Sexual 45,X[4]/46,XX[46]
002 36 Numerical-Monosomy-Mosaic Sexual 45,X[3]/46,XX[47]
003 37 Numerical-Monosomy-Mosaic Sexual 45,X[4]/46,XX[46]
004 34 Numerical-Monosomy-Mosaic Autosomal 45,XX,-15[6]/46,XX[44]
005 34 Numerical-Monosomy-Mosaic Autosomal 45,XX,-21[5]/46,XX[45]
006 22 Structural-Deletion-Non-mosaic Sexual 46,X,del(X)(q22-24;qter)
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One study conducted in patients affected by POF 
who were submitted to karyotype examinations in a 
public community genetics service in the state of Rio 
Grande do Sul, Brazil, demonstrated that 41 (29%) of 
the 141 confirmed cases presented numerical and struc-
tural alterations related to the X chromosome (Rosa et 
al. 2008). In another retrospective study involving 43 
women affected by POF, conducted in public genetic ser-
vices of the southern region of the country, Besson et al. 
(2023) identified, mainly in the X chromosome, numeri-
cal and structural chromosomal alterations in 14 (32.6%) 
of the participating women.

Our results also resemble those of a Turkish cytoge-
netic study involving women affected by POF, which 
identified a prevalence of chromosomal alterations in 
39 (52%) of the 75 participating patients (Ceylaner et al. 
2010). On the other hand, in another Turkish cytoge-
netic study, a lower prevalence of numerical and struc-
tural chromosomal alterations involving both autosomal 

chromosomes and the X chromosome was identified in 
44 (25%) of the 175 cases analyzed in women with POF 
(Geckinli et al. 2014). In an Egyptian cytogenetic study 
involving 30 women with POF, it was observed that sev-
en cases (23.3%) had chromosomal alterations, including 
numerical and structural alterations in the X chromo-
some (Issa and Elhady 2022).

In a Chinese cytogenetic study, chromosomal altera-
tions were present in 64 (12.1%) of the 531 cases of POF 
analyzed (Jiao et al. 2012). In addition, a study involving 
Tunisian women with POF showed that 10.8% (108) of 
the 1,000 patients submitted to karyotype analysis had 
chromosomal alterations, mainly numerical ones of the 
X chromosome (Lakhal et al. 2010). Significant differenc-
es in the percentage of chromosomal alterations identi-
fied in various studies involving POF may be associated 
with ethnicity (Luborsky 2003). Luborsky et al. (2003) 
conducted a multi-ethnic epidemiological study and 
identified variations in the occurrence of POF, with the 
largest differences observed in Caucasian, African Amer-
ican and Hispanic women. Thus, the prevalence of POF 
may present ethnical differences, as well as regional ones 
due to lifestyle and environmental factors, which still 
need to be more fully investigated (Ishizuka 2021).

In our study, we identified that the highest preva-
lence of chromosomal abnormalities was of X chromo-
some monosomy, with a low frequency of mosaicism in 
three patients, representing 20% of the cases analyzed. 
The result obtained here is in line with what was found 
in a study that investigated women with POF and identi-
fied a 21.9% prevalence of chromosomal alterations with 
the presence of low frequency mosaicism of the X chro-
mosome in the cases analyzed (Gersak and Veble 2011). 

The most common chromosomal alteration in a 
cytogenetic study involving 179 Iranian women was 
X-chromosome mosaicism, which was present in 27.77% 
of cases (Kalantari 2013). It is said in the literature that 
karyotypes 45,X, with or without mosaicism, in numeri-
cal alterations of the X chromosome, can manifest them-
selves clinically with symptoms of primary or secondary 
amenorrhea (Turkyilmaz 2022). X-chromosome mosai-
cism is usually associated with sexual development and 
abnormal reproductive performance in women, resulting 
in infertility, recurrent miscarriages and cases of POF 
(Gersak and Veble 2011).

The results confirm previous observations and 
emphasize the critical role of alterations involving the 
X chromosome, with low frequency mosaicism, as one 
of the possible etiologies of POF (Ceylaner et al. 2010). 
Two intact X chromosomes are essential for the main-
tenance of ovarian function, since many genes that are 
likely involved in ovarian function escape X inactivation 

Figure 1. Frequency of the results from the karyotypic analyses in 
POF patients.

Figure 2. Karyotype with deletion on the long arm of the X chro-
mosome, 46,X,del(X)(q22-24;qter).
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and are necessary for normal ovarian function, devel-
opment, and maintenance (Davison 1999; Zinn 2001). 
In addition, low-frequency mosaicism involving the X 
chromosome can influence the survival rate and acceler-
ate the aging of ovarian cells through different mecha-
nisms, including a decrease in the number of germ cells 
or acceleration of their postnatal destruction and early 
oocyte atresia (Neves et al. 2020; Issa and Elhady 2022). 

Other numerical alterations of the monosomy type, 
involving autosomal chromosomes 15 and 21, were 
observed in our study. The alterations were found in 
two nulliparous patients (34-year-old monozygotic twin 
sisters), representing 13% of the cases. In both cases, a 
low-frequency mosaicism was observed. The literature 
describes that POF is related to familial occurrence in 
about 12% to 15% of cases (Van Kasteren et al. 1999; 
Ferrarini et al. 2013; Franić et al. 2016; Rudnicka et 
al. 2018). To date, in the literature, there have been no 
reports of patients with POF who presented the absence 
of autosomal chromosomes 15 or 21 in their karyotypes. 

However, Hosseini et al. (2011), reported a case of 
a 27-year-old Iranian woman affected by POF who pre-
sented a balanced translocation between autosomal 
chromosomes 15 and 21. The literature describes the 
occurrence of partial deletion of 21q in a case of a wom-
an affected by POF (Zeng 2019). Another case of POF 
was reported in a 36-year-old woman, in which cytoge-
netic analyses revealed the presence of a supernumerary 
marker, which was characterized by fluorescent in situ 
hybridization (FISH) and comparative genomic hybridi-
zation (array CGH). The marker was derived from chro-
mosome 15 and contained only heterochromatic mate-
rial (Bertini 2012). Another study identified a patient 
with POF who had an autosomal mosaicism involving 
trisomy 21 (Baronchelli et al. 2011).

Other autosomal chromosome-related changes have 
been identified in patients with POF; in a study conduct-
ed by Issa et al. (2022), reciprocal translocations between 
the X chromosome and chromosome 9 were found. In 
another study, conducted by Jiao et al. (2012), a Robert-
sonian translocation between chromosomes 13 and 14 
was identified in women affected by POF.

Regarding the structural alterations identified in the 
present study, we found one patient (7%) who presented 
a terminal deletion in the long arm of an X chromo-
some in all the metaphases examined. Similar findings 
were observed in a cytogenetic study in women affected 
by POF in Egypt, which identified a terminal deletion 
in the long arm on one of the X chromosomes, in the 
absence of mosaicism in all the metaphases analyzed 
(Issa and Elhady 2022). The complete or partial absence 
of an X chromosome, as seen in Turner syndrome, leads 

to ovarian dysgenesis characterized by primary amenor-
rhea and phenotypic features such as short stature (Gos-
wami and Conway 2005; Portnoi et al. 2006). However, 
terminal deletions of the chromosome Xq are among 
the most common cytogenetic alterations. Two critical 
regions associated with POF have been defined in pre-
vious studies on X chromosome rearrangements: Xq13-
Xq21 and Xq23-Xq27; these regions have been charac-
terized for ovarian development and function (Persani 
2009; Beke et al. 2013; Barros 2020; Besson et al. 2023).

Previous studies have shown that deletion of both 
the short arm and the long arm of the X chromosome 
can result in primary or secondary amenorrhea (Sybert 
and McCauley 2004). These observations suggest that 
genes that are important for normal ovarian function are 
located on both arms of the X chromosome (Cordts 2010). 
The high frequency of chromosomal alterations found 
in the present study emphasizes the importance of rou-
tine cytogenetic (karyotyping) tests in the investigation of 
patients affected with POF, for diagnostic definition and 
adequate genetic counseling for patients and their families.

However, even in the face of normal karyotyping 
results, the possibility of genetic alterations cannot be 
ruled out, since possible mutations in different genes can 
cause POF. The most common single-gene cause that 
results in this condition is pre-mutation of the FMR1 
gene, located on the long arm of the X chromosome. 
This mutation is based on increased expansion of CGG 
trinucleotide repeats from 55 to 199 in the untranslated 
region. Patients with this pre-mutation have an increased 
risk of developing POF (Jin 2012; Rudnicka et al. 2018).

Therefore, a more detailed investigation is necessary 
for these patients and should involve tests using molecu-
lar techniques for diagnostic confirmation.

CONCLUSION 

POF continues to be a serious medical problem and 
significantly affects the patient’s life. In most cases, its 
etiopathology remains unexplained. The relationship 
between chromosomal alterations and some cases of 
POF is clearly demonstrated in the present study. The 
cytogenetic findings highlight the importance of chro-
mosomal analysis via conventional cytogenetics in the 
investigation of this condition. In most cases, it was pos-
sible to identify both numerical (20%) and structural 
(7%) chromosomal alterations, mainly involving the X 
chromosome, including low frequency mosaicism, which 
is directly associated with this condition. 

In addition, it was possible to detect numerical 
alterations of the monosomy type involving autosomal 
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chromosomes (13%) referring to pairs 15 and 21. This 
information is fundamental in clinical practice for the 
correct diagnosis, adequate prognosis and reproductive 
management through genetic counseling. Such results 
aim to contribute to medical decision-making during its 
diagnosis and help direct a multidisciplinary therapeutic 
approach by specialists. 

Early diagnosis of POF is extremely important for 
maintaining the physical and mental health of these 
patients, as it can provide etiological explanation, help 
in the prevention of bone and cardiovascular health, 
and guide fertility options. Thus, the diagnosis repre-
sents a fundamental milestone in promoting the qual-
ity of life of these patients. These findings are essential 
to the understanding of POF and may have significant 
implications in the diagnosis and management of this 
condition.
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